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4.0 CRYPTOLEPINES 

Malaria is a major parasitic infectious disease in many subtropical and tropical 

regions of Africa and is responsible for more than one million deaths each year. 

Therefore there is an increase need of developing novel drugs that are selective and 

safe and their potency will not be affected by the plasmodial resistance in this field 

(177)
.  

 

P. falciparum is the most lethal parasite of the plasmodium species, P. vivax, P. 

ovale and P. malariae, which cause malaria 
(19, 22). 

This parasite is responsible for 

more than 2 million malaria deaths each year around the world 
(22, 178). 

In order to 

overcome the resistance of the above parasites to medicines such as synthetic 

antimalaria drugs like chloroquine, halofantrine and mefloquine 
(23)

, nature has been 

considered to be an important source of some new leads for antimalaria agents 
(22).  

 

Nature has produced antimalaria drugs such as Quinine, Artemisinine and 

Cryptolepines to mention a few 
(23). 

The natural alkaloid Cryptolepine (5-

methylindolo (2,3b)-quinoline), is isolated from the roots of the West Africa 

climbing shrub Cryptolepis sanguinolen 
(21)

. Cryptolepine and its hydrochloride 

have been established to have an in vivo activity against Plasmodium falciparum by 

inhibiting the detoxification of the haeme in red blood cells. Cryptolepine also has 

cytotoxic activity by stabilizing the topoisomerase II-DNA covalent complexes and 

inhibiting DNA synthesis by being a DNA intercalator preferring the G-C rich 

sequences 
(179, 22, 19, 178, 180, 181).  
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The compound cryptolepine possess a wide range of therapeutic activities like being 

antipyretic, hypotensive, antibacterial, antimuscarinic, anti-inflammatory
 (179, 170, 181), 

antiplatelet, fibrinolytic, antithrombotic
(160)

, antiaggregatory, antifungal and 

antihyperglycemic agent 
(170, 182). 

  

 

It is also used to treat rheumatism, urinary and respiratory infections 
(179). 

Crypolepine is being used as traditional medicine in the Central and Western part of 

Africa because of its numerous qualities 
(184)

. The therapeutic activity of the 

cryptolepine is mainly attributed to the quaternary nitrogen of the aromatic ring B 

(184)
. 

Cryptolepine incorporates the tetracycline structure quindoline ( Figure 4.1) 
(21, 170). 

Cryptolepine itself is N-methyl substituted 
(19, 25, 20, 21, 26, 22, 23, 170)

.  

 

Figure 4.1  The Structure of Cryptolepines 
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Two forms are commonly observed; the N-methyl substituted cryptolepine and the 

salt form. The salt form has a quaternary nitrogen atom where by the nitrogen atom 

carries a formal positive charge balanced by an anionic counter ion such as a halide 

atom. The molecular structures studied are closely related to the 5-methylquinolo ( 

2’, 3’, 3, 2 ) indole tetraphenylborate ( Cambridge Structural Database, C. Wright et 

al 1999, ref code DAVLOB). Cryptolepine exists in the salt form at pH of 7.4 
(21)

 

which is established to be the active form for being effective as an antimalaria 
(19, 

170)
.  

 

Studies on the salt form of cryptolepine is done to understand the contribution of  

each of the components to its crystal packing features and whether their crystal 

packing conformation changes as a result of  changes in aromatic ring A and C 

substituents. Electron withdrawing substituents like bromide and chloride and 

electron donating substituents like nitrite were used.  

 

Also research shows that only one cryptolepine structure exists in the Cambridge 

Structure Database. Studies have shown that substitution with electron withdrawing 

or donating substituents at the para position of the aromatic ring C will either have 

inductive or resonance effect on the quaternary nitrogen atom of the aromatic ring B 

respectively 
(170)

. Details of the analysis of cryptolepine crystals by X-ray 

crystallography and their structure solution refinement have been reported in chapter 

2. This section provides a general description of the crystals in addition to wider 

discussions on their packing, non-bonded intermolecular interactions and correlating 

selected bond lengths and angles with that of a closely related cryptolepine from the 

Cambridge Structure Database. 
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4.1 Description of Selected Crystals 

4.1.1  SS_2Br_OOm ( C IV ) 

 

 

The structural analysis confirmed the proposed formulation of the material. C IV 

crystallises in space group of P21/c and this was confirmed after successful 

refinement of the titled molecule. The structure of the compound is shown in Figure 

4.2 with the numbering scheme adopted.  

 

Figure 4.2   The X-ray structure of Compound IV 

 

 

 

C IV  is a conjugated ring system which is planar and with delocalised π-electron 

clouds. The molecule of this compound is made up of a pyrrole ring, pyridine ring 

and two phenyl rings as shown in Figure 4.2. This asymmetric unit consists of 

counter anion (Cl
-
) and a water molecule. One of the pi conjugated aromatic rings 

has an ortho substituted bromine atom.  
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The cation in this compound has a quartenary nitrogen atom in the pyridine ring 

whilst the nitrogen atom in the pentyl ring has free electrons. The cation (2-Bromo-

5-methyl-10H-indolo (3,2-b)quinoline) has remarkable bond lengths and angles. The 

bond length between C(1) and C(6) is 1.356(4) Å and that of C(5)-C(6) is 1.409(4) 

Å. These bond lengths are all consistent with preferred carbon-carbon bond lengths 

in an aromatic ring
 (185)

.  

 

The possibility of C IV being planar is confirmed by the bond angles of C(1)-C(6)-

C(5),  N(2)-C(5)-C(6) and N(2)-C(7)-C(8) being 120.4(2)
 o

, 121.7(2)
 o

 and 119.4(2)
 o

 

respectively.                    

                                                                                                                 

The ortho substituted bromine atom might impact a positive resonance effect on the 

pi conjugated aromatic system. This is because, the intermolecular interactions 

involving the overlapping of the 4p-orbital of bromine and the 2p-orbital of the 

aromatic carbon adds to the π-conjugated system even though the overlapping is not 

efficient. This results in an increase of delocalised electrons in the conjugated 

system. This also results in the possibility of the bromine atom losing its ability to 

withdraw electrons from the aromatic system.  

There is a possibility of this bromine substituent enhancing the anticryptococcal 

activity of the cryptolepine as a result of an increase in electron delocalisation but 

this delocalised electron increment might have little or no effect on the other 

activities of cryptolepine 
(170)

. This is because; the other therapeutic effectiveness of 

cryptolepine is not affected by the changes in electron density around the quaternary 

nitrogen 
(21)

. The presence of the bromine atom might also cause distortions to the 

aromatic electron clouds resulting in the inducement of different packing properties. 
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Figure 4.3   The packing diagram of C IV viewed down the c-axis 

 

 

 
 

Figure 4.3 shows a view of the crystal packing of C IV showing chains linked 

through H….Cl and Cl…Br interactions between molecules related by the 21-screw 

axis. Figure 4.3 also indicates a view down the c-axis of the unit cell showing the 1D 

chain propagating parallel to the c-axis. [H(1S): x+1/2, -y+1/2, z+1/2; H(2S): -x+3/2, y-1/2, -

z+3/2]  

 

Figure 4.4  The packing diagram of C IV viewed along the b-axis 
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Figure 4.5   A view down the c-axis showing the alternating stacking of chains 

in the crystal. 

 
 

Figure 4.5 shows a perspective view down the c-axis showing the alternating 

stacking of chains in the crystal.  

 

Figure 4.6   A unit cell of Compound C IV  showing non-bonded intermolecular 

aromatic interactions between molecules viewed down the c-axis 

 
 

Figure 4.6 shows a view down the c-axis of the unit cell showing the non-bonded 

intermolecular aromatic interactions between molecules. 
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Figure 4.7   A schematic view of the hydrogen bonding involved during stacking 

of compound C IV 
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As indicated in Figures 4.3, 4.4 and 4.5, the component species in C IV exhibits 

stack packing with extensive network of hydrogen bonds. The crystal packing of C 

IV consists of glide related molecules that are related by two-fold screw axis. These 

molecules are linked by interactions involving non-bonded intermolecular hydrogen 

bonding between the hydrogen atoms of the cations, water molecules and chloride 

anions along the c-axis as indicated in Figure 4.4.  

 

The crystal packing of C IV is governed by a two dimensional network of hydrogen 

bonding and Cl-Br non-bonded interactions. The water molecules, cations (2-

Bromo-5-methyl-10H-indolo (3,2-b)quinoline) and the Cl
- 

anions  are linked 

together in the ratio 2:2:2 respectively. The two cations are linked head-to-head by 

hydrogen bonding involving chloride anions.  
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This hydrogen bonding interactions between the cations are linked together laterally 

by water molecules interacting with the chloride anions. The water molecules play 

an important role by holding the chloride ions together as shown in Figure 4.7. The 

Cl anion is also involved in a lateral non-bonded intermolecular interaction with the 

ortho substituted Br atom of another molecule.  

 

Intermolecular hydrogen bonding is involved in this crystal packing. One hydrogen 

bonding involves the water molecule (the hydrogen bond donor) which is 

symmetrically bonded to the chloride anions (hydrogen bond acceptor).  The type of 

symmetry being exhibited by the O-H…..Cl hydrogen bonding interactions is a glide 

reflection parallel to the z-axis with an inversion centre.  

 

The hydrogen bond acceptor distance (H…..A) are 2.34 Å and 2.481 Å for O1S-

H1S….Cl1 and O1S-H2S….Cl1 respectively. The contact distance between the 

hydrogen and chlorine atoms as shown in Table 4.1 indicates a strong possibility of 

an interaction between these chlorine and hydrogen atoms during packing. This is 

because the contact distances are approximately not more than the sum of the van 

der Waals radii for H….Cl since the van der Waals radius for H….Cl is 2.95 Å. 
(174, 

175)
.  

 

There is the possibility of these O-H…..Cl hydrogen bond interaction being almost 

linear as indicated by bond angles of 174.34° (O1S-H1S….Cl1) and 161.65°( O1S-

H2S….Cl1) in Table 4.1. This chloride anion participates in another two hydrogen 

bond linking to H(15) and H(9). This intermolecular N-H…..Cl and C-H……Cl 

hydrogen bonds links the two cations together.  
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The hydrogen bond interaction N-H…..Cl has hydrogen acceptor distance of 2.395 

Ǻ by the chloride anion and bond angle of 172.13° which is also almost linear as 

shown in Table 4.1.  

Overall, the chloride anion accepts three hydrogen bonds and it is involved in lateral 

non-bonded Cl-Br interaction as shown in Figures 4.3 and 4.7. These non-bonded 

intermolecular hydrogen bonding interactions scheme results in the formation of 

centrosymmetric dimers.  

 

There are stacks of these dimers in the form of layers and this is propagated along 

[001] as indicated in Figure 4.5 in the packing state.  

 

Table 4.1  Hydrogen-bonding geometry for C IV 

D-H…..A d(D-H)/ Å d(H…..A)/ Å <D-H..A d(D…..A) A 

      

N1-H15……Cl1 0.744 2.395 172.13 3.133 Cl1  

      

O1S-H1S….Cl1 0.872 2.34 174.34 3.208 Cl1  

      

O1S-H2S….Cl1 0.823 2.481 161.65 3.272 Cl1 

      
 

*Symmetry codes : [ x+1/2, -y+1/2, z+1/2], [ -x+3/2, y-1/2, -z+3/2 ] 

 

The Hydrogen bonding geometry is as indicated in Table 4.1. The component 

species of C IV overlaps with each other during the stack formation with the 

exception of the phenyl ring C with the ortho substituted bromine atom. The 

substituted bromine atom is not involved in the overlap and remains at the ends of 

the molecules after the overlap.  
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4.1.2   SS_2F_NO2_Om (Compound (C V )) 

 

Figure 4.8   The X-ray structure of C V  

 
 

The structural analysis confirmed the proposed formulation of the material. C V 

crystallises in space group of P1 confirmed by successful refinement. The structure 

of the compound is shown in Figure 4.8 with the numbering scheme adopted.  

 

C V  comprises of a conjugated ring system with delocalised π-electron clouds. The 

molecule of this compound is made up of a pyrrole ring, pyridine ring and two 

phenyl rings as shown in Figure 4.7.. This asymmetric unit s made up of anions (Cl
-
) 

and cations 2-flouro-5-methyl-13-nitro-10H-indolo (3,2-b)quinoline). The cation in 

this compound has a quartenary nitrogen atom in the pyridine ring whilst the 

nitrogen atom in the pentyl ring has free electrons. The cation (2-Flouro-5-methyl-1-

nitro-10H-indolo (3,2-b)quinoline) has normal geometrical parameters. 

 

C V is another analogue of the salt form of cryptolepine with an ortho substituted 

flourine atom on the pi-conjugated aromatic ring C and a nitrite substituent also on 

pi-conjugated aromatic ring A.  

http://en.wikipedia.org/wiki/Pi_electron
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The fluorine and nitrite substituents might have little or no effect on the overall 

therapeutic effectiveness of this cryptolepine analogue,
 
even though they introduce 

positive and negative resonance effect respectively on their respective aromatic 

rings. They are electron donating and withdrawing respectively.
 (170)

. The electron 

withdrawing nitrite group might cause a decrease in the electron density of the 

aromatic system, thereby impacting a negative resonance effect on the system.  

 

The intermolecular interactions involving the overlapping of the 2p-orbital of 

flourine and the 2p-orbital of the aromatic carbon is very efficient and this 

conjugation adds to the π-conjugated aromatic system.  

 

This conjugation therefore increases the delocalised electron cloud of the system 

impacting a positive resonance effect on the system. Therefore, the fluorine and the 

nitrite substituent on the two aromatic systems at the ends, are introducing negative 

and positive partial charges respectively. Therefore, opposite ends of the crystal 

tends to attract each other.  
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Figure 4.9   The packing diagram of C V viewed down the c-axis 

 

 

 

 
 

Figure 4.9 shows a view of the crystal packing of C V showing chains linked 

through H….Cl and Cl…Cl interactions between molecules related by an inversion 

centre at the origin. Figure 4.9 also indicates a view down the c-axis of the unit cell 

showing the 1D chain.  
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Figure 4.10   The packing diagram of C V viewed along the c-axis  

 
Figure 4.11  A view down the c-axis showing the alternating stacking of chains 

in the crystal. 

 
Figure 4.11 shows a perspective view down the c-axis showing the alternating 

stacking of chains in the crystal.  
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Figure 4.12  A unit cell of Compound C V  showing non-bonded intermolecular 

aromatic interactions between molecules viewed down the c-axis 

 

 
 

Figure 4.12 shows a view down the c-axis of the unit cell showing the non-bonded 

intermolecular aromatic interactions between molecules. 
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Figure 4.13   A schematic view of the bonded and non-bonded interactions 

involved during stacking of C V 
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Table 4.2  Bonded and non-bonded Hydrogen interaction geometry for C V 

D-H…..A d(D- H)/ Å d(H…..A)/ Å <D-H....A d(D…..A) A 

      

N(1D)-H(10D)…..Cl(1K) 0.972 2.004 174.4 2.976 Cl(1B)  

      

C(3D)-H(4D)……Cl(1B) 0.930 2.733 147.4 3.663 Cl(1B)  

      

C(9D)-H(9D)……Cl(1B) 0.930 2.783 146.4 3.713 Cl(1B)  

      

C(16J)-H(17J)…Cl(1B) 0.960 2.723 93.9 3.683 Cl(1B)  

      

N(3J)-O(2J)…H(1B) 1.213 2.521 149.70 3.734 H(1B)  
 

*Symmetry code ; [ -x+1, -y+2, -z+1 ] 

 

Figures 4.10, 4.11 and 4.12 shows the component species of C V exhibiting stack 

packing with extensive network of hydrogen bonds. The crystal packing of C V 

consists of glide related molecules with an inversion centre that are linked by 

interactions involving intermolecular hydrogen bonding between the hydrogen 

atoms of the cations and chloride anions along the c-axis as indicated in Figure 4.13. 

The crystal packing of C V is governed by a three dimensional network of non-

bonded intermolecular hydrogen interactions and Cl-Cl non-bonded interactions. 

The cation (2-Flouro-5-methyl-13-nitro-10H-indolo (3,2-b)quinoline) and the Cl
- 

anions  are linked together in the ratio 2:2 respectively. 

 

Two cations are linked head-to-head by intermolecular hydrogen bonding involving 

chloride anions. Three types of hydrogen bonding are involved in this crystal 

packing. The N(1)-H(10)(hydrogen bond donor) is symmetrically bonded to the 

chloride anions(hydrogen bond acceptor) with hydrogen acceptor distance (H…..A) 

of 2.004 Å. The symmetry being exhibited by the N(1)-H(10)…..Cl(1) hydrogen 

bonding interactions is a glide reflection parallel to the x-axis as shown in Table 4.2.  
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There is the possibility of these N(1)-H(10)…..Cl(1) hydrogen bond interaction 

being almost linear as indicated by bond angles of 174.4° as indicated in Table 4.2. 

This chloride anion (hydrogen bond acceptor) participates in another non-bonded 

intermolecular hydrogen interaction linking to H(9) (hydrogen bond donor).  

 

Another intermolecular hydrogen interaction occurs between H(4)(hydrogen bond 

acceptor) and the chlorine anion (hydrogen bond donor). This occurs because the 

fluorine atom tends to pull the electron cloud towards itself away from the hydrogen 

atom (H(4)), thereby making the hydrogen atom (H(4)) partial positive charge. This 

partial positive charged hydrogen atom then hydrogen bonds with the chlorine atom 

as shown in Figure 4.13. 

 

This intermolecular N(1)-H(10)…..Cl(1) hydrogen bond and C(9)-H(9)……Cl(1) 

and C(3)-H(4)…..Cl(1) non-bonded interactions links the two cations together. The 

hydrogen bonding interaction linking the two cations together that is, N-

H….Cl……H-C and Cl……H-C, is said to be a bifurcated hydrogen bonding.  

 

The contact distance between the hydrogen and chlorine atoms as shown in Table 

4.2 indicates a strong possibility of an interaction between these chlorine and 

hydrogen atoms during packing. This is because the contact distances are 

approximately not more than the sum of the van der Waals radii for H….Cl since the 

van der Waals radius for H….Cl is 2.95 Å. 
(174, 175)

.  
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There is also an alternating N-O…..H hydrogen bond interaction linking the cations 

together as indicated in Figure 4.13. This non-bonded intermolecular hydrogen 

interaction involves the hydrogen bond donor N(3J)-O(2J) and the hydrogen bond 

acceptor H(1B)-C(6B). There is a strong possibility of this intermolecular 

interaction occuring since the contact distance between the oxygen atom and the 

hydrogen atom as shown in Table 4.2 is less than the sum of their van der Waals 

radii which is 2.72 Å.
 (174, 175)

. 

 

There is also Cl…….Cl lateral non-bonded interactions during packing.  Overall, the 

chloride anion accepts three hydrogen bonds and it is involved in Cl-Cl non-bonded 

interaction as shown in Figure 4.13.  

 

These hydrogen bonding interactions scheme results in the formation of 

centrosymmetric dimers. These dimers form layers which are then stacked together 

with the help of the three dimensional network of hydrogen bonding interactions and 

these layers propagated along [001] as indicated in Figure 4.9 in the packing state.  

The stack conformation involves complete overlap of the pyrrole, pyridine and 

phenyl rings A, C. There exists some C-H… π interactions. The crystal structure of 

Compound V therefore exhibits face to face π-π interaction within stacks with 

alternating N-O…….H hydrogen bonding interactions during packing. 
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4.1.3  SS_2Cl_NO2_Om (C VI) 

 

Figure 4.14   The X-ray structure of C VI 

 
Successful refinement of the data collected for C VI as indicated in Chapter 2 of this 

thesis after structurally analysing the molecule, confirmed C VI with space group 

P21/c. This molecule crystallises with Chlorine and nitrite aromatic substituents. The 

structural analysis confirmed the proposed formulation of the material.  

 

This asymmetric unit consists of anions (Cl
-
) and cations (2-Chloro-5-methyl-13-

nitro-10H-indolo (3,2-b)quinoline). One of the pi conjugated aromatic rings has an 

ortho substituted chlorine atom. The cation in this compound has a quartenary 

nitrogen atom in the pyridine whilst the nitrogen atom in the pentyl ring has free 

electrons. The cation (2-Chloro-5-methyl-13-nitro-10H-indolo (3,2-b)quinoline) has 

normal geometrical parameters. 

 

The structure of the compound is shown in Figure 4.14 with the numbering scheme 

adopted. The pyridine ring is confirmed by the bond lengths of 1.350(2) Å, 1.387(2) 

Å, 1.426(3) Å, 1.396(3) Å and 1.364(3) Å corresponding to N(2)-C(7), N(2)-C(5), 

C(4)-C(5), C(4)-C(9) and C(9)-C(8) respectively.  
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The two other pi conjugated aromatic rings are also confirmed by the various bond 

lengths between the carbon atoms ranging from 1.3521(3) Å to 1.4395(3) Å and the 

bond angles between the phenyl carbon atoms range from 117.08
 o

 to 123.90
 o

. The 

pyrrole ring with a nitrogen atom is established by the bond lengths of 1.373(3) Å 

for N(1)-C(8), 1.428(3) Å for C(7)-C(8), 1.354(3) Å for N(1)-C(10) and 1.440(3) Å 

for C(15)-C(7).
(45)

.  

 

These two substituents (chlorine atom and nitrite group) will exhibit little or no 

effect on the therapeutic properties of this crytoleptine analogue.
 (194)

. There is the 

possibility of intermolecular interactions involving the overlapping of the 3p-orbital 

of chlorine and the 2p-orbital of the aromatic carbon. This interaction is not very 

efficient but the delocalised π-electron cloud that results adds to the π-conjugated 

system. There is therefore an increase in the delocalised electron cloud of the 

aromatic system and it impacts a positive resonance effect on the system.  

 

On the other hand, the nitrite substituent withdraws electrons from the system 

impacting negative resonance effect on the system. Therefore, the ortho substituted 

chlorine and the nitrite substituent at the opposite ends of this pi-conjugated 

aromatic system, introduces negative and positive partial charges at the opposite 

ends respectively. Therefore, opposite ends of the crystal tends to attract each other.  
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Figure 4.15   The packing diagram of Compound C VI  viewed down the c-axis 

 
Figure 4.15 shows a view of the crystal packing of C VI showing chains linked 

through H….Cl and O…H interactions between molecules related by 21-screw axis. 

Figure 4.15 also indicates a view down the c-axis of the unit cell showing the 1D 

chain.  
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Figure 4.16     A view down the c-axis showing the alternating stacking of 

chains in the crystal. 

 
 

Figure 4.17  A unit cell of C VI showing non-bonded intermolecular aromatic 

interactions between molecules viewed down the c-axis 

 
Figure 4.16 shows a perspective view down the c-axis showing the alternating 

stacking of chains in the crystal whilst Figure 4.17 shows a view down the c-axis of 

the unit cell showing the non-bonded intermolecular aromatic interactions between 

molecules. 
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Figure 4.18    A schematic view of the bonded and non-bonded hydrogen 

interactions involved during stacking of  C VI  
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Table 4.3  Hydrogen interactions geometry for C VI 

D-H…..A d(D-H)/ Å d(H…..A)/ Å <D-H..A d(D…..A) A 

      

N(1L)-H(1L)……Cl(2F) 1.058 1.992 170.25 3.04 Cl(2F)  

      

C(11L)-H(11L)……Cl(2C) 0.930 2.822 134.00 3.752 Cl(2C)  

      

C(20F)-H(20R)……Cl(2C) 0.960 2.765 157.30 3.725 Cl(2C)  

      

N(3F)-O(2F)……H(9O) 1.217 2.489 153.90 3.706 H(9O)  
 

*Symmetry code ; [ -x+1, -y, -z+1 ] 
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Figures 4.15, 4.16 and 4.17 shows molecules of C VI exhibiting an extensive 

network of hydrogen bonds within stacks. The crystal packing of C VI is governed 

by a three dimensional network of hydrogen bonding interactions. The crystal 

packing of C VI consists of glide related molecules that are related by two-fold 

screw axis. These molecules are linked by non-bonded intermolecular interactions 

involving hydrogen between the hydrogen atoms of the cations and chloride anions 

along the c-axis as indicated in Figure 4.18. The cations (2-Chloro-5-methyl-13-

nitro-10H-indolo (3,2-b)quinoline) and the Cl
- 
anions  are linked together in the ratio 

4:2 respectively. Two of the four cations are linked head-to-head and the remaining 

two cations are linked laterally by hydrogen bonding interactions involving chloride 

anions.  

 

Intermolecular hydrogen bonds are involved in this crystal packing. The 

intermolecular hydrogen bond involves N-H…..Cl interactions. The N(1L)-

H(1L)(hydrogen bond donor) is symmetrically bonded to the chloride anions 

(Cl(2F)) (hydrogen bond acceptor). The chloride anion has hydrogen acceptor 

distance (H…..A) of 1.992 Å. The symmetry being exhibited by the N(1L)-

H(1L)…..Cl(2F) hydrogen bonding interactions is a glide reflection parallel to the z-

axis as shown in Table 4.3. The contact distance between the hydrogen and chlorine 

atoms as shown in Table 4.3 indicates a strong possibility of an interaction between 

these chlorine and hydrogen atoms during packing.  

 

This is because the contact distances are approximately not more than the sum of the 

van der Waals radii for H….Cl since the van der Waals radius for H….Cl is 2.95 Å. 

(174, 175)
.  
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There is the possibility of these N(1L)-H(1L)…..Cl(2F) hydrogen bond interaction 

being almost linear as indicated by bond angles of 170.25° as indicated in Table 4.3. 

This chloride anion (hydrogen bond acceptor) participates in another non-bonded 

intermolecular hydrogen bond interaction linking to H(20R) (hydrogen bond donor).  

 

Non-bonded intermolecular hydrogen interaction occurs between H(11L)(hydrogen 

bond donor) and the chlorine anion (hydrogen bond acceptor). This occurs because 

the nitrite group tends to pull the electron cloud towards itself away from the 

hydrogen atom (H(11L)), thereby making the hydrogen atom (H(11L)) partial 

positive charge. This partial positive charged hydrogen atom then hydrogen bonds 

with the chlorine atom as shown in Figure 4.18. This intermolecular N(1L)-

H(1L)…..Cl(2F), C(11L)-H(11L)……Cl(2C) and C(20F)-H(20R)…..Cl(2C) non-

bonded hydrogen bonding interactions links two cations together. This non-bonded 

hydrogen interaction linking the two cations together that is, N-H….Cl……H-C and 

Cl……H-C, is said to be a bifurcated hydrogen bonding interaction.  

 

There is also an alternating N-O…..H non-bonded hydrogen interaction linking the 

cations together as indicated in Figure 4.18. The intermolecular non-bonded 

hydrogen interaction involving N(3F)-O(2F)…H(9O) is as shown in Figure 4.18. 

This non-bonded intermolecular hydrogen interaction involves the hydrogen bond 

donor N(3F)-O(2F) and the hydrogen bond acceptor H(9O)-C(9O). There is a strong 

possibility of this intermolecular interaction being genuine since the contact distance 

between the oxygen atom and the hydrogen atom as shown in Table 4.3 is less than 

the sum of their van der Waals radii which is 2.72 Å.
 (174, 175)

.  
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These hydrogen bonding interactions scheme as indicated in Figure 4.18 results in 

the formation of centrosymmetric dimers. These dimers form layers which are then 

stacked together with the help of the three dimensional network of hydrogen 

bonding interactions. These layers are propagated along [001] as indicated in Figure 

4.17 in the packing state.  

 

C VI exhibits face to face π-π stacking during packing. The component species tends 

to overlap each other. The phenyl ring A and pyrrole ring of one molecule overlaps 

with the pyridine and phenyl rings B and C of another molecule.  

 

4.1.4  Compound C VII 

 

Figure 4.19   The X-ray structure of C VII 

 

 
Structural analysis and successful refinement of collected data for C VII confirmed 

the formulation of the material. This molecule crystallises in space group of P21/c. 

The structure of the compound is shown in Figure 4.19 with the numbering scheme 

adopted.  
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The conjugated ring system of C VII is planar and with delocalised π-electron 

clouds. The molecule of this compound is made up of a pyrrole ring, pyridine ring 

and two phenyl rings A and C as shown in Figure 4.19. This asymmetric unit 

consists also of counter anions (Cl
-
) and a water molecule. This is another analogue 

of cryptolepine having a chlorine atom substitution at the ortho position of pi 

conjugated aromatic ring C. 

 

The cation has a quartenary nitrogen atom in the pyridine ring and a nitrogen atom 

with free electrons in the pyrrole ring. The cation (2-Chloro-5-methyl-10H-indolo 

(3,2-b)quinoline) has normal geometrical parameters.     

                                                                                                                               

The presence of the pyrrole ring is confirmed by the bond lengths of 1.437(4) Å 

between C(8) and C(7), C(15) and C(7) is 1.415(4) Å and N(1) and C(10) is 

1.386(3) Å. Bond lengths of 1.391(4) Å occurs between C(11) and C(12), 1.411(3) 

Å for C(13) and C(12) and 1.427(3) Å for C(6) and C(5) as well as C(4) and C(5) 

having a bond length of 1.391(4) Å.
 (185).

 The bond lengths and angles are consistent 

with the preferred bond lengths and angles for aromatic rings.  

 

The ortho substituted chlorine atom will have positive resonance effect on the pi 

conjugated aromatic system. The intermolecular interaction involving the 

overlapping of the 3p-orbital of chlorine and the 2p-orbital of the aromatic carbon 

adds to the π-conjugated system even though the overlapping is not very efficient. 

This results in an increase in number of delocalised electrons in the conjugated 

system increases. This also results in the possibility of the chlorine atom losing its 

ability to withdraw electrons from the aromatic system.  

http://en.wikipedia.org/wiki/Pi_electron
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Figure 4.20   The packing diagram of C VII  viewed down the c-axis 

 

 
Figure 4.20 shows a view of the crystal packing of C VII showing chains linked 

through H….Cl and Cl…Cl interactions between molecules related by 21-screw axis. 

Figure 4.20 also indicates a view down the c-axis of the unit cell showing the 1D 

chain.  

 

Figure 4.21     A view down the b-axis showing the alternating stacking of 

chains in the crystal. 
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Figure 4.22  A unit cell of Compound C VII showing non-bonded 

intermolecular aromatic interactions between molecules viewed down the b-axis  

 
Figure 4.21 shows a perspective view down the b-axis showing the alternating 

stacking of chains in the crystal whilst Figure 4.22 shows a view down the b-axis of 

the unit cell showing the non-bonded intermolecular aromatic interactions between 

molecules. 

Figure 4.23  A schematic view of the hydrogen bonding involved during 

stacking of compound C VII 

   

HOH

HOH
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As indicated in Figures 4.20, 4.21 and 4.22, the molecules of C VII exhibits stack 

packing with extensive two dimensional networks of hydrogen bonds and Cl-Cl 

non-bonded interactions. The crystal packing of C VII consists of glide related 

molecules that are related by two-fold screw axis with an inversion centre. These 

molecules are linked by interactions involving intermolecular hydrogen bonding 

between the hydrogen atoms of the cations, water molecules and chloride anions 

along the b-axis as indicated in Figure 4.23.  

 

The two cations are linked head-to-head by hydrogen bonds involving chloride 

anions. This hydrogen bonding interactions between the cations are linked together 

laterally by water molecules interacting with the chloride anions. The water 

molecules, cations (2-Chloro-5-methyl-10H-indolo (3,2-b)quinoline) and the Cl
- 

anions  are linked together in the ratio 2:2:2 respectively. The water molecules play 

an important role by holding the chloride ions together as shown in Figure 4.22 and 

4.23.  

Three types of hydrogen bonding are involved in this crystal packing. The water of 

hydration (hydrogen bond donor) is symmetrically bonded to the chloride anions 

(hydrogen bond acceptor) with hydrogen acceptor distances (H…..A) of 2.267 Å 

and 2.38 Å for O1W-H1W….Cl1 and O1W-H2W……Cl1 respectively. The type of 

symmetry being exhibited by this non-bonded intermolecular O-H…..Cl hydrogen 

bonding interactions is a glide reflection parallel to the z-axis as shown in Table 4.4.  

 

The contact distance between the hydrogen and chlorine atoms as shown in Table 

4.4 indicates a strong possibility of an interaction between these chlorine and 

hydrogen atoms during packing.  
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This is because the contact distances are approximately not more than the sum of the 

van der Waals radii for H….Cl since the van der Waals radius for H….Cl is 2.95 Å. 

(174, 175)
. There is the possibility of these O-H…..Cl hydrogen bond interaction being 

almost linear as indicated by bond angles of 172.21° (O1S-H1S….Cl1) and 169.75°( 

O1S-H2S….Cl1) in Table 4.4.  

 

This chloride anion participates in another hydrogen bond linking to H(8) and H(9). 

This intermolecular N-H…..Cl and C-H……Cl hydrogen bonds links the two 

cations together. The hydrogen bond interaction N-H…..Cl and C-H….Cl has 

hydrogen acceptor distance of 2.27 Å by the chloride anion and bond angle of 

166.02° which is also almost linear as shown in Table 4.4. Overall, the chloride 

anion accepts three hydrogen bonds and it is involved in non-bonded Cl-Cl 

interaction as shown in Figure 4.23.  

 

These hydrogen bonding interactions scheme results in the formation of 

centrosymmetric dimers. The dimers are arranged in layers and these layers are 

stacked and propagated along [001] as indicated in Figure 4.23 in the packing state.  

  

Table 4.4  Hydrogen-bonding geometry for C VII 

D-H…..A d(D-H)/ Å d(H…..A)/ Å <D-H...A d(D…..A) A 

      

O1W-H2W……Cl1 0.882 2.38 169.75 3.252 Cl1  

      

O1W-H1W….Cl1 0.948 2.267 172.21 3.208 Cl1  

      

N1-H8….Cl1 0.86 2.27 166.02 3.111 Cl1 

      
 

*Symmetry codes ; [ x-1, y-1, z ], [ -x+1, -y+1, -z ], [ -x+3/2, y-1/2, -z+1/2 ] 
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The hydrogen-bonding geometry for C VII is as shown in Table 4.4. This compound 

exhibits face to face π-π interaction with stack conformation during packing. The 

chlorine substituent tends to introduce a partial negative charge to that side of the 

system resulting in that end of the system being negatively charged. Therefore, there 

is a possibility of the existence of an attraction between the partially positive 

charged end and the negatively charged end. This interaction contributes to the stack 

conformation exhibited by this compound during packing.  

 

The phenyl ring C with the ortho substituted chlorine atom remains free at the 

opposite ends since it is not involved in the overlap of the component species as 

indicated in Figure 4.23. The presence of the chlorine atom might cause distortions 

to the aromatic electron clouds resulting in the inducement of different packing 

properties.  

4.2.5   Description of aromatic dispositions 

Figure 4.24  Diagram showing parameters used to illustrate aromatic 

dispositions 
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a = mean atom displacement above plane XY 
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b = horizontal displacement of centroids V and U 

c = centroid-centroid distance V and Z 

d = interplanar angle (this is the angles between normals to planes) 

Using the aromatic ring A and the pentyl ring of C IV, the mean deviation of the 

ring from plane is 0.0036 Å. The distance between the rings is 2.163 Å which is the 

centroid central distance (cc) resulting in 2.162 Å as the offset of the ring from the 

plane. The ratio of the angle of ring A to previous plane is 1: 1.2 

 

The centroid central distance of C V is calculated to be 2.152 Å with 0.0033 Å as 

the mean deviation of the pentyl ring from the plane. The offset of ring A from plane 

is 2.151 Å whilst the ratio of the angle of ring A to previous plane is 1: 1.4. 

 

The central centroid distance for ring A and the pentyl ring in C VI is 2.152 Å and 

the mean deviation of the pentyl ring from plane being 0.0093 Å. The offset from 

plane is calculated as 2.151 Å. The ratio of the angle of the ring A to previous plane 

is 1: 2.3 

 

The central centroid distance between the aromatic ring A and the pentyl ring in C 

VII is 2.165 Å whilst the mean deviation of the pentyl ring from plane is 0.0054 Å. 

The offset from plane is 2.164 Å whilst the ratio of the angle of ring A to previous 

plane is 1:1.2. 

 

The four cryptolepines studied have approximately the same central centroid 

distance for the rings and similar offset from planes. Comparing the ratios of the 

angle of the rings to their individual previous plane, it is noted that, the 
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cryptolepines with no nitrile substituent have similar ratios whilst those with nitrile 

substituent have different ratios. Therefore it can be confirmed that, the nitrile 

substituent have an effect on the crystal structure as well as the stacking of the 

crytolepines. 

 

Figure 4.25  Structure of the salt form of cryptolepines showing the numbering 

system adopted 

N

N

H

X

Y

CH
3

+

1

2

3

4

5
6

7

8

9
10

11

12

13

14

15
2

1

 

Compound X Y 

IV Br
-
 H 

V F
-
 NO2

-
 

VI Cl
-
 NO2

-
 

VII Cl
-
 H 

 

 

Table 4.5  Selected bond lengths (Å) 

 

Compound N(1)-H N(1)-C(8) C(8)-C(7) C(7)-N(2) d(N
+
(2)-CH3) d(C(2)-X) 

       

IV 0.740(3) 1.364(3) 1.442(3) 1.350(3) 1.481(3) 1.899(3) 

       

V 0.972(3) 1.379(4) 1.424(4) 1.351(4) 1.472(4) 1.361(4) 

       

VI 1.058(3) 1.373(3) 1.428(3) 1.350(2) 1.477(3) 1.733(2) 

       

VII 0.860(3) 1.370(3) 1.437(4) 1.339(3) 1.460(3) 1.737(3) 
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Table 4.6  Selected bond Angles (°) 

 

Compound C(10)-N(1)-C(8) N(1)-C(8)-C(7) C(8)-C(7)-N(2) C(7)-N(2)-C(5) 

     

IV 109.7(2) 107.5(2) 119.4(2) 121.12(18) 

     

V 109.0(3) 108.5(3) 119.8(3) 120.2(3) 

     

VI 108.77(18) 108.66(18) 119.88(18) 120.62(17) 

     

VII 108.7(3) 107.9(3) 118.9(3) 119.8(3) 

 

The balance between the efficiency of overlap of the p-orbitals of the ortho 

substituted halogen atoms with the pi conjugated aromatic system and their 

electronegativity has a possible effect on the delocalisation of electrons in the 

aromatic system. Flourine exhibits the most efficient overlap of the p-orbitals as a 

result of 2p-2p overlap which results in a balance between its electronegativity and 

conjugation. This is followed by chlorine with a less efficient overlap of 2p-3p 

orbitals of the aromatic carbon and the chlorine respectively.  

 

The conjugation effect overrides chlorine’s ability to withdraw electrons towards it. 

With respect to the bromine atom, it exhibits the least efficient overlap involving its 

4p-orbital and the 2p-orbital of the aromatic carbon. The electron withdrawing 

nitrite substituents and the halogen substituents have a possible effect on the bond 

length d[N
+
(2)-CH3] as indicated in Table 4.5. It can be deduced from Table 4.5 

that, C IV has the longest d[N
+
(2)-CH3] bond of 1.481(3) Å. 

 

C VI is next with bond length of 1.477(3) Å for N
+
(2)-CH3. C V is next with bond 

length of 1.472(4) Å for N
+
(2)-CH3 . C VII has the shortest N

+
(2)-CH3  bond length 

of 1.460(3) Å of all the four compounds as indicated in Table 4.5. C VI and C VII 

were expected to have the same or similar N
+
(2)-CH3  bond length, but the presence 
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of NO2
- 
substituent in C VI might be the possible reason why C VI has longer bond 

length for N
+
(2)-CH3 than C VII even though they all have the same chlorine 

substituent as shown in Table 4.5.  

 

With respect to the N(1)-H bond length, it will be noted that C VI has the longest 

bond length of 1.058(3) Å followed by C V, C VII and C IV with bond lengths of 

0.972(3) Å, 0.860(3) Å and 0.740(3) Å respectively as indicated in Table 4.5. The 

different electron delocalisation effect of the ortho substituted Cl
-
 and Br

- 
ions on the 

conjugated system is probably responsible for the small N-H bond length for 

compounds CIV and CVII. Hydrogen atom of the N(1)-H bond forms hydrogen 

bonds with atoms in its environment such as chlorine atom.  

 

C IV have the longest bond length for C(2)-X with a value of 1.899(3) Å. The next 

molecule after C IV with a longer bond length for C(2)-X is C VII (1.737(3) Å), 

followed by C VI and then C V with bond lengths of 1.733(2) Å and 1.361(4) Å 

respectively as indicated in Table 4.5. 

 

There is a possibility of an appreciable degree of electron delocalisation along the 

N(1)-C(8)=C(7)-N(2) bond as indicated in Table 4.5. There is no significant 

difference between the compounds when bond angles C(7)-N(2)-C(5), C(10)-N(1)-

C(8), N(1)-C(8)-C(7) and C(8)-C(7)-N(2) were compared as indicated in Table 4.6. 

C IV and C VII have similar packing motifs and conformation whilst C V and C VI 

have totally different packing motifs and conformation. 
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The bond angles and lengths obtained for C IV, C V, C VI and C VII in Table 4.5 

and 4.6 were correlated to an isostructure in the Cambridge Structure Database.  

Using Conquest version 1.10 to access the Daresbury Crystal Structure Data Base, 

Table 4.3 and 4.4 depicts bond lengths and angles for 5-methylquinolo ( 2’, 3’, 3, 2 ) 

indole tetraphenylborate ( Cambridge Structural Database, C. Wright et al 1999, ref 

code DAVLOB).    

Table 4.7   Selected Bond lengths (Å) 

 

REFCODE N(1)-H N(1)-C(8) C(8)-C(7) C(7)-N(2) d(N
+
(2)-CH3) 

      

DAVLOB 1.023 1.37 1.404 1.339 1.47 

 

 

Table 4.8   Selected Bond Angles (°) 

 

REFCODE C(10)-N(1)-C(8) N(1)-C(8)-C(7) C(8)-C(7)-N(2) C(7)-N(2)-C(5) 

     

DAVLOB 104.826 111.926 117.317 123.445 

 

As indicated in Tables 4.7 and 4.8, differences in bond lengths and angles when the 

four studied compounds were compared to 5-methylquinolo ( 2’, 3’, 3, 2 ) indole 

tetraphenylborate ( Cambridge Structural Database, C. Wright et al 1999, ref code 

DAVLOB) from the Cambridge Database, may be attributed to interactions of the 

Database compound with its environmental cations as well as the different aromatic 

substituents. In the case of the Data Base compound, there is interaction of the 

compound with Tetraphenylborate.  

 

 


