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Chapter 2

Experimental

2.0 EXPERIMENTAL

2.1 Materials

The chemicals used for synthesis and co-crystallisation and their sources are

summarised in Table 2.1 below. All chemicals purchased were of analytical grade.

Table 2.1 Chemical used for Analysis

NAME SOURCE
Caffeine (CF) Sigma-Aldrich
Theobromine (TB) Sigma-Aldrich
Theophylline (TH) Sigma-Aldrich

Acetone (AC)

Fisher Scientific

Ethylacetate (EA)

Fisher Scientific

6-Aminouracil (6-AU) Sigma-Aldrich
Ammonium Sulphate ((NH4),SO,) Sigma-Aldrich
Hexamethyldisilizane (HMDS) Sigma-Aldrich
Methyliodide (M) Sigma-Aldrich
Ethylbromide (EB) Sigma-Aldrich

Dichloromethane (DM)

Fisher Scientific

Methanol (ME)

Fisher Scientific

Sodium Thiosulphate (Na,S,03) Sigma-Aldrich
Sodium Hydrogen Carbonate
(NaHCO3) Sigma-Aldrich

Toluene (To)

Fisher Scientific

Aqueous Acetic Acid (AA)

Fisher Scientific

Sodium Nitrite (NaNO,)

Sigma-Aldrich

Agueous Ammonium
Hydrooxide(NH,OH)

Fisher Scientific

Sodium Dithionite (Na,S,0,) Sigma-Aldrich
Triethyl Orthoformate (HC(OEt)s) Sigma-Aldrich
Potassium Bromide (KBr) Sigma-Aldrich
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2.2 Physical Methods

The physical methods employed in this study include Infra-red (IR), Raman
Spectroscopy (RS), Nuclear Magnetic Resonance (NMR) and Mass Spectroscopy
(MS). These analytical methods were used to validate products formed from

chemical reactions and processes involved in this study.

2.2.1 Infra-red Spectra Data Collection (IR)
The FTIR spectra of the samples were obtained using a digital Bruker IFS 66v
spectrophotometer over a region of 4000-400cm-1 with 4cm-! resolution. The

various spectra corresponding to each sample is as indicated in Appendix D.

2.2.1.1 Preparation of KBr Disc

0.0025g of the experimental material and approximately 0.20g of KBr powder were
grounded together using a dry agate mortar and pestle. The powder mixture was then
compressed into a cohesive disc under a high pressure initially of 5 tons for 2
minutes and then at 7 tons for another 2 minutes. The compression was done by
putting the powder mixture into a special die from which air is evacuated by a pump
before the hydraulic compression. A disc of the size of 13mm in diameter was

obtained %8 109

2.2.2 Raman Spectroscopy Data Collection (RS)

Bruker FRA 106 FT Raman spectrophotometer in conjunction with Bruker IFS 66
was used to obtain the Raman spectra. Using a spectra resolution of 4cm™ over a
wavenumber range of 100cm™ to 4000cm™ and a laser strength of 10.2,

measurements of 500 scans were obtained for the standards which are caffeine,
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theobromine and theophylline and then for co-crystallisation samples (CF, TP2) AC,
(CF2, TP) AC, (CF, TP) AC and (CF, TP) EA. The corresponding spectra are shown

in Appendix F.

2.2.3 Nuclear Magnetic Resonance Spectroscopy (NMR)

A typical procedure of using Jeol GX270 spectrometer to obtain *H and *C NMR
spectra of compounds was used for the synthesized xanthines at 270 and 68 MHz.
Chemical shifts were referenced to tetramethylsilane (TMS) as an internal standard
(0 ppm). A completely deuterated solvent dimethyl sulfoxide (DMSQO) was used
because it completely dissolves purines, pyrimidines and their nucleotides without
transferring proton as well as causing very little spectra interference. 20 mg of dry
sample was dissolved in 0.7 cm® of the deuterated solvent DMSO but solution
filtration was done when dissolution is incomplete. The solution that was obtained
was used to establish the *H NMR spectra. 2D lock and shims were obtained
automatically after samples have been introduced to the spectrometer. Typically, *H
spectra were recorded in the range of 0 - 20 ppm at ambient probe temperature (293
K) from 32 scans. In the case of **C NMR spectra, 100 mg of sample was dissolved
in 0.7 cm?® of the deuterated solvent DMSO at ambient probe temperature (293 K).
The spectra were recorded in the range of 0 — 250 ppm from 20000 scans. The

respective NMR spectra are exhibited in Appendix H.

2.2.4 Mass Spectrometry (MS)
An AEI MS902 mass spectrometer was used to obtain Electron impact MS spectra
for the xanthines synthesized. The instrument was operated by Andrew Healey at the

University of Bradford.
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Positive ion fast atom bombardment (FAB) mass spectra were recorded on a
Micromass ZAB-2SE spectrometer with 3-nitrobenzyl alcohol (NOBA) as the
matrix for the FAB spectra. The spectra obtained for each sample is shown in

Appendix G.

2.2.5 Powder X-Ray Data Collection (PXRD)

Data were collected on a Bruker D8 diffractometer in Bragg—Brentano 6-6 geometry
with Cu Koy, radiation (1.5418 A) using a secondary curved graphite
monochromator. The X-ray tube was operated at 40 kV, 30 mA. Samples were
scanned in a vertical Bragg—Brentano (6/20) geometry (reflection mode) from 5 to
40° (26) using a 0.005 step width and a 1.5s count time at each step. The receiving
slit was 1° and the scatter slit 0.2". The individual PXRD spectrum for the eighty-six
(86) co-crystals obtained had their corresponding peaks and band widths weighed
against that of the standards. The standards used are caffeine, theobromine and
theophylline. The four PXRD spectra which were different from the rest of the

spectra are indicated in Appendix E.

2.3 Synthetic Studies

2.3.1 Powdered co-crystals

Various ratios of powdered forms of xanthines (Caffeine (CF), Theobromine (TB)
and Theophylline (TP)) were mixed together in acetone, -ethylacetate,
dichloromethane, methanol and toluene. Table 2.2 illustrates the powdered

combination done and their corresponding ratios.
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Identification of the resulting solids was undertaken by Infra-red spectroscopy,

Powdered X-ray diffraction and Raman spectroscopy.

Table 2.2 Ratios of Powdered Combinations

POWDERED COMBINATION RATIO
(CFTP)AC 11
(CF2 TP)AC 2:1
(CF TP2)AC 12
(CF TP)EA 11

2.3.2 Synthesis of Xanthines

A wide range of xanthines can be synthesized from 3-substituted 6-aminouracils
involving nitrosation, reduction and condensation with carboxylic acids. This is then
followed by alkylation of the uracil ring ?. The typical synthetic procedure of C.
Miiller and Sandoval-Ramirez %Y is illustrated in Figure 2.1. The various

synthesized xanthines were subjected to various instrumental analysis.
Figure 2.1 Diagram of Xanthine showing the numbering scheme adopted
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Figure 2.2 Diagram showing the typical synthetic procedure of C. Muller and

Sandoval-Ramirez 2
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2.3.2.1 Preparation of 1-Monosubstituted Xanthines

Preparation of 1-Methylxanthine

Synthesis of 6-Amino-3-methyluracil( B )

As shown in reaction step 1 in Figure 2.2, 6-Amino-3-methyluracil (B) was prepared
by methylation of 6-aminouracil (A) .

2.5g of 6-aminouracil (A), 0.250g of ammonium sulphate ((NH4)>SO4) and 50mls of
Hexamethyldisilizane (HMDS) were mixed together to form a suspension.

The resulting mixture was then refluxed at 130°c for two hours to obtain a dark
orange solution. Excess of the HMDS was distilled off both under atmospheric
pressure and under vacuum. The solution obtained was then allowed to cool down to
50°c and then 3mls of methyl iodide was added. The resulting mixture was then

refluxed for two hours.

Thin layer chromatography (TLC) was done after one and a half hours of reflux as
well as after two hours of reflux. This was done in order to monitor the reaction
progress by establishing a small amount of the starting material and the formation of
a little dialkylated product. An eluent of Dichloromethane and Methanol
(CH,CL,/MeOH) in the ratio of 9:1 respectively was used for the TLC. The
resulting product was then allowed to cool to room temperature and then a solution
of Sodium thiosulphate (Na,S;03) in 2.5mls of water (H,O) was added. A light
yellow jelly like mixture was obtained. The flask containing the reaction mixture
was then placed in an ice bath and 100mls of saturated solution of Sodium Hydrogen
carbonate (NaHCO3) (7.8g in 100mls) was added. The saturated solution of
NaHCOj3; was added in small portions over a period of half an hour with vigorous

stirring until effervescence ceased.
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The light yellow coloured suspension obtained was filtered and then washed with
37.5mls of cold H,0, 25mls of Toluene and finally with 25mls of Ethyl acetate.

Yield. 2.457g (88.57%) (mp 276.5°C ) (lit'"* 275°C)

I.R: (KBr DisC) V max /cm™: 3420w (N-H), 3313w (N-H), 3124w (C-H),
2919w(C-H), 1690w, 1655w, 1632w (C=0), 1601w, 1459w (Ar C=C),
1386w (-CH),

'"H-NMR: (DMSO-ds) 8/ppm = 1.65 (t, CH3CH,, 3H), 3.01 (q, CHs-N, 3H),
4.41 (S, C(5)-H, 1H), 6.19 (s, NH,, 2H), 10.36 (brs, 1-N-H, 1H)

BC-NMR: (DMSO-ds) 8/ppm= 163.76 (C(4)), 154.10 (C(6)), 151.71 (C(2)),
74.61 (C(5)), 26.0 (CHy)

Synthesis of 6-Amino-3-methyl-5-nitrosoluracil ( C)
6-Amino-3methyl-5-nitrosouracil (C) was prepared by nitrosation of 6-amino-3-
methyluracil (B) (Figure 2.2, reaction step 2).

1.76g of 6-amino-3-methyluracil (B) was weighed and put into 62.5mls of 50%
aqueous acetic acid. The resulting solution was heated to 90°C for one hour to
obtain a yellowish orange colour. The solution was then allowed to cool down to
30°c. Then 1.72g of NaNO; (24.9mmol) was added in small portions. A dark yellow
colour was then observed. The mixture was then allowed to cool down to room
temperature. The dark yellow precipitate was collected by filtration and then washed
with water.

Yield. 1.460g (68.7 %) (mp 257°C )

I.R: (KBr DiSC) V max /cm’%: 3421w (N-H), 3205w (N-H), 3048w (C-H),
2961w(C-H), 1744w (C=C), 1692w, 1650w (C=0), 1577w, 1518w (N=0),

1386w (-CHs),

1H-NM)R: (DMSO-dg) 8/ppm = 3.15 (s, 3H, CHs), 7.99 (s, NHy, 2H), 11.43 (brs, 1-
NH, 1H

M.S. m/z: 171 (20%, [M+1]"),
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Synthesis of 6-Amino-3-methyl-5,6-Diaminouracils (D)

Reduction of the nitroso group of 6-Amino-3methyl-5-nitrosouracil ( C ) resulted in
the production of 6-amino-3-methyl-5,6-diaminouracils ( D ) as depicted by reaction

step 3 of Figure 2.2

A solution of 0.425g of 6-amino-3-methyl-5-nitrouracil ( C) in 12.5mls of 12.5%
aqueous NH,OH was prepared at 70%. A deep red solution was observed. Then
Na,S,04 (0.875g, 5.6mmol) was added gradually with vigorous stirring over a
period of about 40minutes. The solution was then stirred vigorously for 20 more
minutes and the volume of the solution was reduced using rotary evaporator until the
product started to crystallize. This was left to stand for 20 minutes and the product
isolated by gravity filtration and used immediately for the next reaction step which

is the ring closure.

Synthesis of 1-Methylxanthine ( E)

The ring closure of 6-amino-3-methyl-5,6-diaminouracils( D ) is produced by use of
Triethylorthoformate to produce the hydrated formate of 1-methylxanthine (E) by

reaction step 4 of Figure 2.2

O O H
1. HC(OEY)3, reflux for Shrs |
HCx NH, 900C, HC o N]
A | Y Wl e H
0~ "N~ "NH o7 2>N;  No

I 2

|
0 4 -(HCO,) .H,0

A solution of 1.0g of 6-Amino-3-methyl-5-6-Diaminouracil (D) in 20mls
Triehtylorthoformate (HC (OEt);) was reflux for 5 hours and the mixture obtained

was cooled to room temperature.
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The precipitate was then collected by filtration and then washed with ethylacetate
and dried. The results of the microanalysis obtained confirmed the formation of the
hydrated formate form of 1-Methylxanthine.

Yield. 0.8342g (83.42%)

I.R: (KBr DiSC) V max /om™: 3428w (N-H), 3117w (C-H), 2998w(C-H), 2856w(C-
H),

1720w, 1634w, (C=0), 1559w (Ar C=C), 1388w (-CHs),

'H-NMR: (DMSO-dg) 8/ppm = 3.18 (s, 3H, CHs), 7.94 (s, C(8)-H, 1H)

Microanalysis results (%0): C = 37.01, H=4.41, N =24.17 [Expected (%) : C =

36.69, H=3.96, N = 24.45]

Attempted Preparation of 1-ethylxanthine

Synthesis of 6-Amino-3-ethyluracil (B )

Miiller's 2 experimental procedure as depicted by reaction step 1 in Figure 2.2,
was used to synthesize 6-Amino-3-ethyluracil. 5.0g of 6-aminouracil (A), 0.250g of
((NH4),S0O4) and 50mls of HMDS were mixed together. The mixture was then
refluxed at 130°c for 2hrs to obtain an orange coloured solution. Excess HMDS was
distilled of under atmospheric pressure as well as under vacuum.

3mls of 1-ethyl lodide was also added and refluxing of the mixture done for a
further 2hrs until lesser amount of the starting material and dialkylated product is
established by means of TLC. CH,CL,/MeOH was used as the eluent.

The product obtained was allowed to cool to room temperature and then a solution
of Na,S;03 in 2.5mls of H,O was then added. An orange jelly like mixture was
obtained. The flask was then placed in an ice bath and 100mls of saturated solution

of NaHCO3 (7.8g in 100mls) was added. The saturated solution of NaHCO3; was
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added in small portions over a period of half an hour with vigorous stirring until
effervescence ceased. The orange coloured suspension was then filtered and washed
with 37.5mls of cold H,0, 25mls of Toluene and finally with 25mls of Ethyl acetate.
Yield. 2.830g (50.51%) (mp 296.5°C)

I.R: (KBr Disc) V max /cm™: 3420w (N-H), 3313w (N-H), 3124w (C-H),
2919w/(C-H),

1690w, 1655w, 1632w (C=0), 1601w, 1459w (Ar C=C), 1386w (-CHjs),

'H-NMR: (DMSO-dg) 8/ppm = 1.02 (t, CH3CH,, 3H), 3.63 (g, CH-N, 2H),

4.41 (s, C(5)-H, 1H), 6.22 (s, NH2, 2H), 10.37 (brs, 1-NH, 1H)

Synthesis of 6-Amino-3-ethyl-5-nitrosouracil (C)
6-Amino-3-ethyl-5-nitrosouracil(C) was prepared by nitrosation of 6-amino-3-
ethyluracil (B) using reaction step 2 as shown in Figure 2.2.

1.91g of 6-amino-3-ethyluracil (B) was weighed and put into 62.5mls of 50%
aqueous acetic acid. The above solution was prepared by heating the mixture to 90°c
for one hour to obtain a deep red colour. The solution was then allowed to cool
down to 30°c. Then 1.72g of NaNO; (24.9mmol) was added in small portions.

A dark red colour was then observed. The mixture was then allowed to cool down to
room temperature. The dark red precipitate was collected by filtration and then
washed with water.

Yield. 1.075g (46.72 %) (mp 299°C 2%

I.R: (KBr DiSC) V max /cm™: 3460w (N-H), 3295w (N-H), 3189w (C-H), 2930w(C-
H), 1754w, 1678w, (C=0), 1663w, 1655w (Ar C=C), 1391w (-CH3), 1508w (-NO)
'H-NMR: (DMSO-dg) 8/ppm = 1.14 (t, CHsCH,, 3H), 3.83 (g, CHx-N, 2H),

8.21 (s, NHy, 2H), 11.48 (brs, 1-NH, 1H)
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Preparation of Xanthine

Synthesis of 6-Amino-5-nitrosouracil (C)
6-Amino-5-nitrosouracil (C) was prepared by nitrosation of 6-aminouracil (A) as

indicated in step 2 of Figure 2.2

e} O
1. NaNo,/ 50%aq AcOH
H H H NO
\N | 90°C, 1hr )N\ |
O~ "N” UNH, o° N NH,
H H

6.36g of 6-aminouracil (A) was weighed and put into 250mls of 50% aqueous acetic
acid. The above solution was prepared by heating the mixture to 110°c for one hour
to obtain a light yellow solution. The solution was then allowed to cool down to

30°c. Then 6.9g of NaNO, was added in small portions.

A dark orange precipitate was then observed. The mixture was then allowed to cool
down to room temperature. The dark orange precipitate was collected by filtration
and then washed with water.

Yield. 1.075g (46.72 %) (mp 299°C)

'H-NMR: (DMSO-dg) 8/ppm = 6.67 (s, NHp, 2H), 9.95 (s, N(3)-H, 1H),
10.22 (brs 1-N(1)-H, 1H)

M.S. m/z: 157 (100%, [M+1]"),
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Synthesis of 6-Amino-5,6-Diaminouracils (D)

Synthesized 6-amino-5,6-diaminouracils (D) was done by the reduction of the

nitroso group of 6-Amino-5-nitrosouracil (C ) using reaction step 3 as indicated in

Figure 2.2.
o) O
1. Na,S,0,/NH,/H,0 H NH
H\N | NO 70°C, 1hr E\ | 2
O)\I}l NH, (@) I}I NH,
H H

A solution of 0.495g of 6-amino-5-nitrouracil in 12.5mls of 12.5% aqueous NH,OH
was prepared at 70%. A deep violet solution was observed. Then Na,S;0,4 (5.6mmol,
0.875g) was added gradually with vigorous stirring over a period of about 40minutes
to the above solution. The solution was then stirred vigorously for 20 more minutes
and the volume of the solution was reduced by a rotary evaporator until the product
started to crystallize. This was left to stand for 30minutes and the product was
isolated by gravity filtration and used immediately for the next reaction step which

involves the ring closure.
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Synthesis of Xanthine (E)

The experimental reaction step 4 as depicted in Figure 2.2, was used to synthesized

Xanthine (E) resulting in the ring closure using Triethylorthoformate.

O
(l) 1. HC(OE)3, reflux for 5hrs lﬁ
HL NH 900C, H< 5_N
N 2 1N 6 5
)\ | 4 \ /8 H
O "N” NH, 072 Ns s
H H

.(HCO,), Na.H,0

A solution of 10g of 6-Amino-5-6-Diaminouracil (D) in 20mls
Triehtylorthoformate (HC (OEt)s) was reflux for 5 hours at a temperature of 90°c
and the mixture obtained was cooled to room temperature. The precipitate was then

collected by filtration and then washed with ethylacetate and dried.

The resulting product was then sent to the London School of Pharmacy for
microanalysis. The results of the microanalysis obtained confirmed the formation of
the hydrated Sodium diformate form of Xanthine.

Yield. 0.6865g (68.64%)

'H-NMR: (DMSO-dg) 8/ppm = 8.18 (s, C(8)-H, 1H), 9.91 (s, N(3)-H, 1H), 10.19

(brs 1-N(1)-H, 1H)

Microanalysis results (%): C =32.01, H=2.78, N =17.69 [Expected (%) : C =

29.69, H=2.84, N=17.79]
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2.4 Single Crystal Studies

Crystal structure determination by X-ray diffraction was performed with a STOE
Stadi-4 diffractometer equipped with Mo Ka-radiation A = 0.71073A operating at
40 kV and 40 mA. The structure was solved and refined using the SHELXTL suite

of programs.

2.4.1 (E)-1-(3,4-Dichloro-phenyl)-3-p-tolyl- propenone (compound
(C1))

2.4.1.1 Data Collection for compound (C 1)

A single crystal of compound (C I ) with a formula of C1gH150, was selected under

the polarising microscope and mounted on a glass fibre. The cell parameters and the

data set were measured using a Stoe STADI four circle diffractometer at a

temperature of 298K.

Graphite monochromatic Mo-Ka radiation was used at a wavelength of 0.71073A.
The summary of the crystal data collected is shown in Appendices A and B, Tables

Al and B1 respectively. The total reflection obtained is 3044.

2.4.1.2 Structure Solution and Refinement for compound (C 1)

Preliminary inspection of the diffraction data set indicated that the crystal is a
primitive monoclinic system with a space group of P2,/c.
The hkl data In =1 hii = | k1 = | .hka @s well as the observed unit cell dimension

confirm the monoclinic crystal system.
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The diffraction data was investigated using the XPREP programme. It was
established that there is no general systemic absences and confirms that there is a
primitive Bravais lattice. The special systematic absences of the type OkO with k

being odd is consistent with a 2;-screw axis were also observed.

Additionally absences of the type IOl with | odd were also noted. A space group of
2;C was established and this was used in all subsequent calculations.

The calculated density gave best fit for 4 molecules in the unit cell (Z=4) and this
confirms that the molecule itself forms the asymmetric unit of the crystal. Direct

Methods was used to solve the structure ©2,

The resulting E-map established positions for the phenyl rings in addition to the
location of the oxygen atom. Calculating the difference-Fourier synthesis of the
data, the E-map obtained at the end, enabled more carbon atoms positions to be
location. The location of the oxygen atom and carbon atoms resulted in the reduction
of the Ry value to 0.2067 (WR; to 0.5328). The positions of the chloride atoms were
located and after isotopic refinement of the structure, R; reduced to 0.0700 ( wR; to
0.24310). Finally, during the final cycles of full matrix least squares refinement, all

non- hydrogen atoms were assigned anisotropic displacement parameters.

Hydrogen atoms positions were located and structure refinement anisotropically
resulting in Ry value reducing to 0.0377 (wR, to 0.1044). The final R factors was as
0.0377 (WR, = 0.1044). There is a weighted scheme of w = ¢°F%, + (0.0606P)? +
0.22P where P= (' max (F%0) + 2Fc®) /3. The mean A/ 6 = 0.061 and max A/ ¢ =

2.893. The highest peak = 0.19 and the deepest hole = -0.31.
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2.4.2 (E)-3-(3-Ethoxy-4-methoxy-phenyl)-1-(3,4,5,-trimethoxy-
phenyl)-propenone (compound ( C I1))

2.4.2.1 Data Collection for compound (C I1)

A single crystal of Compound (C Il ) with a formula of C;;H2406 was mounted on a
glass fibre and X-ray intensity data was obtained on a Stoe STADI four circle
diffractometer using Mo-Ko radiation at a wavelength of 0.71073A and at a
temperature of 298K. Tables A2 and B2 in the Appendices A and B respectively,
indicate the crystal and collection data for the above compound. The collected

reflections totalled 4123.

2.4.2.2 Structure Solution and Refinement for compound (C I1)
After preliminary inspecting the collected data set, it was evaluated that, there is no
higher Laue symmetry and therefore the crystal is a Primitive triclinic (Centro
symmetric) system. A space group of P 1 was assigned because a density
calculation based on the formula was consistent with two molecules in the unit cell.
The intensity relationship in the hkl data is lp = 1 ha = | -kt Shows an inversion
symmetry as well as the observed unit cell dimension confirm the triclinic crystal
system.
It also has other parameters confirming the triclinic system and these are :

e a#b+#c

o a#y#90°

o S#90°
There are no restrictions on the unit cell and this confirms the triclinic system as

well.
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Using XPREP to inspect the diffraction data, it was deduced that there is no general
systemic absences which indicates that there is a primitive Bravais lattice.
Calculation of the density gave best fit for 2 molecules in the unit cell (Z=2) which

confirms that the molecule does not form an asymmetric unit of the crystal.

Using the Direct Method ©?, the data collected was used to solve the crystal
structure. After inspecting the E-map, positions of oxygen atom as well as some
phenyl rings were established. Calculating the difference-Fourier synthesis of the
data, the E-map obtained at the end enabled more carbon atoms positions to be
located. The location of the oxygen atoms reduced the R; value from 0.4587 to

0.3854 (WR, from 0.8312 to 0.7894).

Location of more carbon atoms and after isotopic refinement of the structure
resulted in the reduction of the R; value to 0.3405 ( wR; to 0.7080). The position of
solvent atoms was located and after isotopic refinement of the structure, the R; value
became 0.1403 ( wR, to 0.4636). Finally, during the final cycles of full matrix least
squares refinement, all non hydrogen atoms were assigned anisotropic displacement
parameters. Hydrogen atoms positions were located and structure refined

anisotropically resulting in R; value reducing to 0.0489 ( wR,to 0.1339).

The final R factors were R; value as 0.0489 and wR; as 0.1339. There is a weighted
scheme of W= 6°F?, + (0.0606P)? + 0.22P where P= ( max (F%0) + 2Fc?) / 3.
The mean A/ 6 = 0.000 and max A/ 6 = 0.001. The highest peak = 0.23 (1.16 A from

O1T) and the deepest hole = -0.25 (0.66 A from O1T).
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2.4.3 1-(3, 5-Dimethoxy-cyclohexyl)-3-(4-methoxy-cyclohexyl)-
propan-1-one (Compound (C I11))

2.4.3.1 Data Collection for compound (C I11)

The intensity data was obtained for single crystals of compound (C 111 ) by mounting
the crystal on a glass fibre using the Stoe STADI four circle diffractometer. Mo-Ka
radiation was used for the experiment at a temperature of 298K and a wavelength of
0.71073 A. Crystal data summary is in Appendices A and B, Table A3 and B3

respectively and a total of 2655 reflections were collected.

2.4.3.2 Structure Solution and Refinement for compound (C 111)

A Primitive monoclinic system was established as well as a space group of P2;/c.
This system and space group was chosen as a result of analysing the intensity
relationship data as well as other parameters such as:

e a#b+#c

e a=y=90°

e 5>90°
The Direct Method was used to determine the crystal structure 2.
The E-map that was obtained enabled four oxygen atoms were located with the two
phenyl rings and calculation of the difference-Fourier synthesis of the data gave R;
value of 0.4537 wR,=0.8195). The location of more carbon atom positions and after
isotopic refinement of the structure led to the reduction of R; value to 0.3594
(WR,=0.7511).
Further reduction of the R; value to 0.2269 (wR,=5761) resulted from location of
more carbon atom positions. Ry value of 0.0747 (WR,=0.2793) was obtained when

more positions of carbon was identified.
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Anisotropic displacement parameters were assigned to all non hydrogen atoms
during the final cycles of full matrix least squares refinement. Hydrogen atoms
positions were located and the structure refined anisotropically resulting in R; value

reducing to 0.0654 ( wR, to 0.1384).

The final R factors were R; value as 0.0654 and wR; as 0.1384. There is a weighted
scheme of W= oF?, + (0.0606P)? + 0.22P where P= ( max (F%0) + 2Fc?) / 3.
The mean A/ 6 = 0.000 and max A/ ¢ = -0.000. The highest peak = 0.20 and the

deepest hole = -0.21.

2.4.4 SS _2Br_OOm (2-Bromo-5-methyl-10H-indolo (3,2-
b)quinoline) (Compound (C IV))

2.4.4.1 Data Collection for compound (C V)

The intensity data for single crystals of compound (C IV ) were obtained using a
Stoe STADI four circle diffractometer and a Mo-Ka radiation at a wavelength of
0.71073A at a temperature of 298K. Tables A4 and B4 in Appendices A and B
respectively, indicates the crystal data obtained and a total of 4112 reflections were

collected.

2.4.4.2 Structure Solution and Refinement for compound (C IV)

A primitive monoclinic system with a space group of P2;/c was deduced from the
diffraction data obtained. The intensity relationship in the hkl data shows that Iy = |
hl = | ket = | hkat - Confirmation of the primitive monoclinic system was made

based on these additional parameters a # b # ¢, a =y =90° B> 90°.
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The XPREP programme indicated that there is no systematic absence but a special
systematic absence of the type OkO with k being odd is consistent with a 2;-screw

axis. Structure | was solved from the collected data using Direct Methods ©2.

The E-map obtained establishes the position of pentene and benzene rings, chlorine
atom as well as the bromine atom and the R; value was reduced to 0.2069 (WR; to
0.5972). The identification of more carbon atom positions and that of nitrogen atom
further reduced R; value to 0.1590 (WR; to 0.5504). R; value of 0.0984 (wR, of
0.3712) was obtained when the position of the second nitrogen atom was located.

The assignment of all non-hydrogen atoms anisotropic displacement parameters, as
well as, the identification of hydrogen atom positions during the final cycle of full

matrix square refinement resulted in R; value of 0.0522 (wR; of 0.1848).

The final R factors was as 0.0362 ( wR, = 0.1006). There is a weighted scheme of w
1= 6%F%, + (0.0606P)% + 0.22P where P= ( max (F%,0) + 2Fc? )/ 3. The mean A/ 6

=0.010 and max A/ ¢ = 0.008. The highest peak = 0.40and the deepest hole = -0.48.

245 SS _2F NO, Om (Compound (CV))

2.4.5.1 Data Collection for compound (C V)

A Stoe STADI four circle diffractometer was used to obtain diffraction data of a
single crystal of compound (C V) mounted on a glass fibre. A Mo-Ka radiation at a
wavelength of 0.71073A at a temperature of 298K was used as well in the structure

data determination.
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The summary of the diffraction data obtained is shown in Tables A5 and B5 in

Appendices A and B respectively. The total number of collected reflections is 1804.

2.4.5.2 Structure Solution and Refinement for compound (C V')

A space group of P 1 as well as a Primitive triclinic (Centro symmetric) system
were established. An inversion symmetry was observed from the intensity

relationship in the hkl data which is lng =1 h = | ket -

There is also no higher Laue symmetry and a density calculation based on the
formula was consistent with two molecules in the unit cell. Cell dimension of the
following; a # b # ¢, a # y #90° and B # 90° also confirms a triclinic system. The

structure was solved using the data collected and direct methods ©2.

The E-map obtained after calculating the difference-Fourier synthesis of the data,
enabled the identification of benzene rings, as well as the position of oxygen,

chlorine and fluorine atoms. The R; value obtained is 0.3420 (WR,=0.7296).

Further location of nitrogen and more carbon atom positions resulted in the
reduction of the R; value to 0.1526 (WR,=0.4953). The value of R; reduced further
to 0.0987 (wWR,=0.3572) upon the location of more carbon atoms position. The
positions of all hydrogen atoms were located and the refinement of the structure
anisotropically to give an R; value of 0.0406 (WR,=0.1724). The final R factors was
as 0.0386 (WR, = 0.1396). There is a weighted scheme of w'= 6%F?, + (0.0606P)°
+ 0.22P where P= ( max (F%,0) + 2Fc?) /3. The mean A/ 6 =0.117 and max A/ ¢ =

0.037. The highest peak = 0.24 and the deepest hole = -0.27
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2.4.6 SS_2ClI_NO, Om (Compound (C VI)

2.4.6.1 Data Collection for compound (C V1)

An Mo-Ko radiation at a wavelength of 0.71073A and at a temperature of 298K
was used to obtain diffraction data for single crystals of compound (C VI) mounted
on a glass fibre in a Stoe STADI four circle diffractometer. The diffraction data
obtained is shown in Appendices A and B, Tables A6 and B6 respectively. The total

reflection collected is 3548.

2.4.6.2 Structure Solution and Refinement for compound ( C VI )

Preliminary inspecting the diffraction data set indicated a primitive monoclinic
system with a space group of P2;/c. The monoclinic crystal system was established
by the hkl data I =1 haa = | et = | skt @s well as  the observed unit cell
dimension. Investigation of the diffraction data using the XPREP programme
indicated no general systemic absences which then establish a primitive Bravais

lattice.

Special systematic absences of the type 0kO with k being odd is consistent with a 2;-
screw axis were also observed. The calculated density gave best fit for 4 molecules
in the unit cell (Z=4). This also indicates the molecule itself forming the asymmetric
unit of the crystal. Direct Methods was used to solve the structure ®?. The resulting
E-map established positions for the phenyl and pentyl rings in addition to the
location of the oxygen and chlorine atoms position. The R; value of 0.3178 (WR; to
0.7092) obtained was reduced further to R; value to 0.1669 (WR; to 0.5390) after the
location of the position of the second oxygen atom. The identification of nitrogen

atom positions resulted in R; value of 0.0978 (WR; to 0.3571).
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Finally, during the final cycles of full matrix least squares refinement, all non-
hydrogen atoms were assigned anisotropic displacement parameters. The location of
Hydrogen atoms positions and the structure being refined anisotropically resulted in
R; value reducing to 0.0460 (WR,to 0.1504). The final R factors was as 0.0460 ( wR;
= 0.1504). There is a weighted scheme of w' = &°F?, + (0.0606P) + 0.22P where
P= ( max (F%0) + 2Fc? )/ 3. The mean A/ 6 = 0.002 and max A/ ¢ = 0.001. The

highest peak = 0.28 and the deepest hole = -0.25.

2.4.7 Compound (C VIIl)

2.4.7.1 Data Collection for compound (C VII)

The intensity data for single crystals of compound (C VII) were obtained using a
Stoe STADI four circle diffractometer and a Mo-Ka radiation at a wavelength of
0.71073A at a temperature of 298K. Tables A7 and B7 in Appendices A and B
respectively indicates the crystal data obtained and a total of 11189 reflections were

collected.

2.4.7.2 Structure Solution and Refinement for compound (C VII)

A primitive monoclinic system with a space group of P2;/c was deduced from the
diffraction data obtained. The intensity relationship in the hkl data shows that lp = |
hkl = | i = | hka . Confirmation of the primitive monoclinic system was made
based on these additional parameters a # b # ¢, a =y =90° B> 90°.

The XPREP programme indicated that there is no systematic absence but a special
systematic absence of the type OkO with k being odd is consistent with a 2;-screw
axis. The structure of 2-Chlorocrytpthcl Om was solved from the collected data

using Direct Methods ¢
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The E-map obtained established the position of pentene and benzene rings, the
chlorine atom and the R; value was reduced to 0.3019 (wR, to 0.6078). The
identification of more carbon atom positions and that of nitrogen atom further
reduced R; value to 0.0426 (wR, to 0.0564). R; value of 0.0361 (WR; of 0.0528) was

obtained when the position of the second nitrogen atom was located.

The assignment of all non-hydrogen atoms anisotropic displacement parameters, as
well as, the identification of hydrogen atom positions during the final cycle of full

matrix square refinement resulted in R; value of 0.0357 (WR; of 0.0526).

The final R factors was as 0.0357 ( WR, = 0.0526). There is a weighted scheme of w*
1= 6%F% + (0.0606P)% + 0.22P where P= ( max (F%,0) + 2Fc? )/ 3. The mean A/ 6

=0.026 and max A/ ¢ = 0.020. The highest peak = 0.18 and the deepest hole = -0.23.

2.4.8 Compound (C VIII)

2.4.8.1 Data Collection for compound (C VIII)

The intensity data was obtained for single crystals of compound (C VIII) by
mounting the crystal on a glass fibre using the Stoe STADI four circle
diffractometer. Mo-Ka radiation was used for the experiment at a temperature of
298K and a wavelength of 0.71073 A. Crystal data summary is in Appendices A and

B, Tables A8 and B8 respectively. A total of 3086 reflections were collected.
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2.4.8.2 Structure Solution and Refinement for compound (C VII1)
A Primitive monoclinic system was established as well as a space group of P2,/c.
This system and space group was chosen as a result of analysing the intensity
relationship data as well as other parameters such as:

e a#b+#c

e a=y=90°

e [>90°
The Direct Method was used to determine the crystal structure 2. The E-map that
was obtained enabled the carbon atoms to be located as well as the oxygen atom and
the calculation of the difference-Fourier synthesis of the data gave R; value of

0.3503 wR,=0.2092).

The location of more carbon atom positions and after isotopic refinement of the
structure led to the reduction of R; value to 0.1398 (WR,=0.2034). Further reduction
of the R; value to 0.0763 (WR,=0.2016) resulted from location of nitrogen atom
positions. R; value of 0.0643 (WwR,=0.2011) was obtained when more positions of
nitrogen was identified. Anisotropic displacement parameters were assigned to all
non hydrogen atoms during the final cycles of full matrix least squares refinement.
Hydrogen atoms positions were located and the structure refined anisotropically

resulting in Ry value reducing to 0.0600 ( wR, to 0.2009).

The final R factors were R; value as 0.0600 and wR;, as 0.2009. There is a weighted
scheme of wh= 6°F%, + (0.0606P)? + 0.22P where P= ( max (F%,0) + 2Fc?)/ 3.
The mean A/ 6 = 0.000 and max A/ ¢ = -0.000. The highest peak = 0.49 and the

deepest hole = -0.45.
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249 EEII_TPCF_ac_Om (Compound (C IX))

2.4.9.1 Data Collection for compound (C IX)

A single crystal of compound (C IX) was mounted on a glass fibre and X-ray
intensity data was obtained on a Stoe STADI four circle diffractometer using Mo-
Ka radiation at a wavelength of 0.71073A and at a temperature of 298K.

Tables A9 and B9 in the Appendices A and B respectively, indicate the crystal and

collection data for the above compound. The collected reflections totalled 52445.

2.4.9.2 Structure Solution and Refinement for compound (C 1X)
After preliminary inspecting the collected data set, it was evaluated that, there is no
higher Laue symmetry and therefore the crystal is a primitive monoclinic system. A
Primitive monoclinic system was established as well as a space group of P2;/c.
This system and space group was chosen as a result of analysing the intensity
relationship data as well as other parameters such as:

e a#b+#c

e a=y=90°

e 5>90°
Using XPREP to inspect the diffraction data, it was deduced that there is no general
systemic absences which indicates that there is a primitive Bravais lattice. Using the

Direct Method ©?, the data collected was used to solve the crystal structure.
After inspecting the E-map, positions of oxygen atom as well as some phenyl rings

were established. Calculating the difference-Fourier synthesis of the data, the E-map

obtained at the end enabled more carbon atoms positions to be located.

76



Chapter 2 Experimental

The location of the oxygen atoms reduced the R; value from 0.5609 to 0.2409 (WR;
from 0.2193 to 0.2119). Location of more carbon atoms and after isotopic
refinement of the structure resulted in the reduction of the R; value to 0.1984 ( wR;
to 0.2109). The position of solvent atoms and nitrogen atoms was located and after

isotopic refinement of the structure, the Ry value became 0.0726 ( wR, to 0.2107).

Finally, during the final cycles of full matrix least squares refinement, all non
hydrogen atoms were assigned anisotropic displacement parameters. Hydrogen
atoms positions were located and structure refined anisotropically resulting in Ry

value reducing to 0.0564 ( wR, to 0.2106).

The final R factors were R; value as 0.0564 and wR; as 0.2106. There is a weighted
scheme of w-1 = ¢°F%, + (0.0606P)? + 0.22P where P= ( max (F%,0) + 2Fc?) / 3.
The mean A/ 6 = 0.000 and max A/ ¢ = 0.001. The highest peak = 0.53 and the

deepest hole = -0.64
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