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"And He will judge among the nations. and will rebuke many people: and they shall beat 
their swords into plow-shares, and their spears into pruning-hooks: nation shall not lift up 

sword against nation, neither shall they learn war any more." 
Isaiah 2:4 
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TOIIIOW'lno se4::tic)ns discuss these ",n1Iiti ... c these mjO.tht'V1c 

1 1 

were IIornrruun 

a dec:ocl:ion 
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was ClaSSEtO nti..,infll.l:lrrtml:ltnIN in 1 2 
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figure 1 1, A report and syrlthetic route for AcetylsalICylic ac"tby HolfmarH'l irt 1897,' 

1.2 2 Mechanism 

Non-steroidal artti·irtflammalory drugs (NSAIDs) are used for the prevention of p<lln and 

irtllammation PaIn was initially prevented by analgesIcs, wh~h had reduced anti­

irtflammatory action and had undesIrable side effects such as nausea. therefore, to 

counteract the pain. the correct mechamsm of action needed to b€ targeted. <lnd the 

correct drugs used Pharmacologically, inflammation and p<lln symptoms <lre brought 

about by the action of b<ochemicals such as prostaglandirts prostacycJII15 and 

thrombox<lnes. which result from the cOlwer.;ion of a latty <lcid, kfl<Mlf) <lS ar<lchidonic 

acId, by the enzyme cychoxygenase (COX) in the presertce of oxygefl (Figure 1.2) ' It 

was dIscovered that NSAIDs act on thi s biochemical pathway by inhibiting the COX 

enzyme, thereby exerting theiraflalgesic effect However, these drugs have been shown 

to have very poor aqueous solubility, which may possibly impede theIr pharmaceutIcal 

prolile SInce th,s problem may be addressed by different approaches, such as 

cyckldextnn incllsion and the use 01 alternative so~d lorms (polymorphs, solvates) of the 

NSAI[)s, these topics are highlighted below, 

2 
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MEMBRANE PHOSPHOUPIDS 

ARACHIDONIC ACID 

--II> 5-HETE 
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LTB. LTC4 THROMBOXANE A2 
PGE2 

PGI2 
LTD. 

6-KETO-PGF1a 
LTE. B:! 

lEUKOTRIENES THROMBOXANES PROSTAGLANDINS 

1 1 Bac:kar"ol 

in 

mil!"M,1"w:io DClCilIIU::i macetans in n't""'C:Tlnn 4 
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1 3.3 COIlfonnatlOn 

The macrocyclic n-fold symmetrical conformation is described by certain parameters, 

ultimately indicating vvilether deviation from the symmetry has occurred. " These indude 

the distances between the linking glycosidic oxygen atoms 0(4)- --0(4') (f), the radius of 

the polygon (r) which is the distance measured from the centroid to each 0(4) atom, the 

0(4) ,,0(4},,0(4") angle (a), the torsion angle 0(4)---0(4') ,,0(4")--.0(4"') (t), the 

0(2) 0(3) distance, the intersaccharide bond angle (~) which is defined as lp = C(l')-

0(4)-C(4) (Figure 1 5) and the tilt angle (c) The lalter is the meaSure 01 the relative 

inclination of each gloxose unit from the ideal n-fold symmetry. This tilt angle is defined 

as the angle made by the mean 0(4) plane and the mean plane through the atoms 0(4'), 

C(1) , C(4) and 0(4) of each g~cose uni!. A positive tilt angle is obtained if the glucose 

unit 0(6) side is inclined towards the centre of the cavity ; or negative tilt angie is obtained 

if the glucose unit 0(6) side is inclined towards the outSide of the cavily " 

Fig ure 1 .5 Pri'"!9pal,ge<.Lmoilii!&lQarormeters of the 0(41 polygon. 

6 
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Sublimation 

from 

Conditions: 

A saturated solution 
solvent was "' .. "' ........... .-1 

The filtrate was 

Different conditions ",tto, ....... ."t.:>ri 

1 solvents: 
• 1-Butanol 

• Acetonitrile 
• Methanol 

• Ethanol 

• Toluene 

• 1 
• calbon tetrachloride 

• Benzene 

• 2-Butanone 

• Acetate 

• Water 

• 
• Hexane 

• 
• 
• 
• 
• Acetone 
• Dichloromethane 

mixtures 
• Water: methanol (1 :10 
• Water: acetonitrile (1 :10 
• Water: ethanol (1:10 

3.Varied of .' .. H3 ........ rat1inn 60 °Cand 0 

40 mg of was 
100°C and left for seven 
cold 

25mg 
the vessel in a 

minutes 

which the was insoluble This 
within a desiccator under vacuum and was allowed to 

under vacuum at 
deJlOsited on the 

in a 

and 
solvent in 

of the were melted in the DSC machine. The 
taken out of the machine and allowed to cool at room 

for 0, 30 minutes and 3 and 7 
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was added to a hot saturated 
dniil"hiinm, .. triil" ratio. 

""'" .... ,... TRIMEA: the 
..... lJ.""lJ ... '" solution of CD lIn"'An::A ~II"''''''''Y ........... & .... ;.,. ... ,.\ 

.. tnil"'hiinm ... triil" ratio. 

the resultant filtered with 

Different conditions gHc:=,rnnt&Vf" 

1. Different molar ratios u .. r •. ...1_ 

2. Surfactant 
3. Co-solvent ( .. HulIn,nl 

4. Rate 
5. n.eIIIUAIII!.I 

6. UItra-sonification 30 
7. 
8. Different volumes of aqueous solvent 
9. and "'\I~.nn,..".ti,nn· 25 

60 
10. RA.N'\I!O~tRlllmirln nlrA-lirnA,MII'!t1 

1 " Different molar ratios 
2. Different times of ICm~~nlinn 
3. Co-solvent 
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was 

co-

to If it is 
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11 If 

a 

is 
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to 

n is p is 

== [ 1: II I-I II ] I 1: I 
2 

w==1/[ ( 2)+( + ] 

s== [1: 
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on 

is to 

was n1l'lll.,,..:all'lCllt'l in 

11"""" ....... n it to to room t ...... " ...... , .... t. new 

no new was fnli'l ...... "'...t 

on cel,ecc,xib are ... ",rnn.:aN"" to 

, Ir.·~lated) ' ................ ' ............. IIIUU_II 

%C 53.6 53.1 

%H 3.5 3.2 

%N 11.2 10.9 

%5 8.1 8.1 

.. The errors in t:I~IIII""I_ values are:i: 0.5%. 
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3.24 Thermal analysis 

DSC and TGA analysis 

Variations in the thermal events of the drug indicate that s new solid phsse hss formed 

The DSC trace depicted below shows ...ndotherm peaks directed up.vards and exotherm 

peaks downwards 

~ I 
",OJ ! 

, i , 'oc, I 
g , 

~,, ~ • , 
c- -

,,~ 
:.) ,,' 

, I 
" 

L"9"nd. A- DSC ourve oICeleco.;b 

8 7 DSC ellrve 01 R FMc'*' 

- - -

," 
Temperature ("Cl 

Figure 3 .2 PSC curves for Celecoxib and RFMce!e, 

The TG curveS for both forms (not shown) indIcated that no decompositIOn took place 

snd thst both were lree 01 solvent sirlee zero maSS loss waS recorded in the 

temperature rsnge 30 ' C-200 "C. In the DSC analysis (curve A) celecoxib exhibited a 

single endotherm corresponding to melting in the tempersture range of 1606-165 4 "C 

(tJ.Hr" 99,3 Jig) (Figure 3.2) . Alter cooling, the heating DSC trace of RFMcele (curve B) 

Indicated an endotherm at the onset temperature of 52 9 ' C corresponding to a glass 

tranSItion. It is often found that the glass transition temperature is about two-thirds of thst 

of the melting temperature" In this case the ratio works out to be 0.74 thereby strongly 
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supporting the interpretatIOn of this endotherm as a glass transition An exotherm was 

observed at onset temperature 100.3 °C corresponding to a recrystallisation and finally 

an endotherm at onset temperature 162.8 'C which corresponds to the melt. There is a 

very slight endotherm at 129.6 °C, which most probably corresponds to lhe release of 

occluded air, sinee no water loss was shown in the TG trace. Confirmation 01 these 

assignments was obtained using the HSM and XRPD techniques 

Figure 3.3 shows the photomicrographs of the transitions occurring in RFMcele 

examined under silicone oil. Due to the difference in the conditions and geometry that 

the sample is exposed to in the DSC and HSM equipment, the temperatures 01 the 

thermal events occurring differ slightly 

(a) 26.1 "C 

(d) 89.6 °C 
,,----

I 

(b) 52.-4 "C 
~2. 

(e) 108.6 °C 
,------

~ __ (C) 76.7 °C 

(g) 157.0 °C (h) 182.2"C 

Figure 3.3: Photomicrographs of RFMcele 

33 
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• • 0 • E 
• 
~ • " 

The glass transitIOn IS seen beghlning at 52.4 "C (Figure 3,3 (b)) . The recryslallisation is 

seen around 89,5 ' C (Figure 3 3 (d)) The melt ,5 completed at 182.2 "C (Figure 3.3 (h)) 

Bubbles are emitted starl ing from 896 "C (Figure 3,3 (d-g)), Since TG calculatIOns 

proved that no solvent is lost, these oubbles correspond to loss of occluded a" 

3.2.5 XRD Powder Analysis 

Incremental temperature XRPD recordings were performed to establish whether 

RFMcele was indeed amorphous in nature and whether or not new polymorphic phases 

of the drug appeared at various temperatures. The traces shown in Figure 3,4 

correspond to temperatures in-between the endo- and exothermic events depICted in the 

DSC trace (Figure 3 2 (i), (ii), (~i)) 

= 

, 00 

~. 

M 

L~ Ii) - RFMcel~, 28 "C 

( i ) - RFMcele, 70 "C 

(i ii - RFMc-e+e , 1t 0 ' C 

I " ) = RFMce." 1 ~o 'C 

A = Celccoxill : 26 "C 

2 T~ta (0) 

Figure 3.4 XRPD Traces of RFMcele and...keJ®!'l~ 
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was to ,..nnfi,l"ll"n 

were ,..nnc:iic:tj:knt 

as nnc~I; ..... in'!:IIn. tests to !!:II .. , ... AII"t!!:llI.n u.,I'\ ... ,tn,,~ .. n:)feco;Kib 

to ,..".,. ..... n''"'. 

~+----------r----------~--------~--------~----------T----------r--~ 
130 180 

A == Rofecoxib 

B== A 
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KoreCOXllD ""vhilhlit",.rI a at onset t",,""nG,ra\', 

::: 

are two 

was a zero mass 

a nm a 

AS 1:1 

was 

!mAU . /1 
3 

:8 "'" or-: ~ - ~ 
1 2 

Peak # Area % 

1 3.885 

2 1.493 83.451 

3 1.794 0.0665 1.990 

4 2.858 0.0680 4.0821 3.843 

5 3.158 0.0730 6.7646 6.831 

to are common are in traces 

in A for rofecoxib 
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a 
is nrlC~~Alnt 

are A 

FonnA Calculated (%) ~UI"''''''_'(%) 

C 65.4 65.4 

H 3.9 3.9 

S 10.3 9.8 

"The errors in "'AY""" ''''''" .... values are ± 0.5%. 

A 
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L ",~ 1 1 •. I./\.J 

2 

of Rofecoxib 

B: ..... _"', ....... ",,,,,,,,,,,"m of Cornpound A 

A ......... "" .... .,... Infl"lm"l::atinn on 

to 

to 

a IJU;~::IIIIJOIC de!;lrada1:ion 
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Rofecoxib 

b 

Chemical Shift 

2.162 s 3H Ha 

5.187 s 2H Hb 

7.397 d 2H He 

7.492 d 1H He 

7.521 t 2H Hd 

7.921 d 2H Hf 

7.985 d 2H 

A 

Hd 

e H 

I XI? f 

gH -:(1 A ~ // H. b 
I 

h 

Chemical Shift (5) u. ._, ~1I11_n 

2.153 S 3H Ha 

5.190 s 2H Hb 

7.399 t 1H Hd 

7.494 t 1H He 

7.942 d 1H He 

7.954 d 1H Hf 

7.985 d 1H Hi 

8.089 d 1H Hh 

9.221 d 1H ·"Hg 
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a 

b 

c 

a 

13 

y 

Volume 

Z 

nhtairu:>t'l in 

it was 

were on 

A 

new 

","'«::I .. LY was sellect~:Kl 

11.374 

11.374 

22.939 

90° 

90° 

90° 

2967.6 

8 

rru'l;l:ill'lll COCllea to 1 
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Fonnula WAiinht./n 

a 

b/A 

cIA 

group 

13/0 

yfO 

Volume 

size 1 

scanned 01 0 

Index ranges 

4> scan 

roscan 

Dx/mm 

11 

Total no. of reflections collected 

No. of reflections 

No. of reflections with 1 > 

No. of norametell'S 

s 
>4<f 

Reflections ........ il+......t 

UU""inh'l1inn scheme 

in are 

312.31 

Triclinic 

PI 

8.4641 

92247 

9.4227 

79.8987 

85.9977 

669.41 

1.5494 

0.260 

324 

0.15 x 0.20 x 0.20 

2~0~26 

h: 10 k:-11,11 1:-11,11 

1.0 

1.5 

33.0 

18325 

2679 

2333 

200 

0.0517 

1.049 

0.0475 

9 

0.1055 

a = 0.0497 b = 0.5942 

< 0.001 

0.53 and -{).58 
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Structure determination and refinement ----------- ----- --- ------- ------

Direct methods Yielded the positions of all the non-hydrogen atoms of the asymmetnc 

unit The atomic numt>ering oc:heme is shown in Figure 310. The space filling diagram is 

shOW'n in Figure 3 11 The hydrogen atoms are numbered according to their parent 

atoms to which they are bonded Refinement was carried wt with all of th e non­

hydrogen atoms treated anlsotropical!y The hydrogen atoms were located in 

subsequent difference electron density maps and placed in geometrical!y constrairted 

positions and refined with isotropic temperature factors a~sigrted at 1.2 times the U"" 

values of the parent atoms 

Fi9-""[~ 3.10: The asymmetric unit of Compouml.A 

Figure 3.11: Space lilling diagram of the asymmetric unit 

44 
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Geometrical.iillJlltii.s 

The rings are planar with a sigrnficant (0 114(3) A) deviation of C6 above the pianO! of 

the phenyl ring and an O!qual deviation (0 114(2) A) of C5 below thO! pianO! of thO! phO!nyl 

ring ThO! methyl-sulphon)'1 substituent is directed below the plane. All hydrogen borKJing 

is of C-H 0 type. These are listed in Table 3.8 

Table 3.8 Hydrogen bond data for Compoond A 

. Rebted by symme try opentlOl1 I_x. l _y, 1 z 

C(l) -H(lA) --0(38) ' 

~C(15)-H(15) : .. 0(12), 

C(21) --H(21) --0(38) " 

' Inlr.md""u"" bonding 

Distance (A) 

H· .. A O·A 

2.56 

2.5<4 

2.50 

3.444(3) 

3168(2) 

2.904(2) 

-, 
'" 

+--- -:: __ -_~ ____ ...I 

The other prominent Interactions occurring are X .. H"'1< artd "." ring contacts. These are 

described in Tables 3.9 artd 3.10. Cg is the centre of gravity of thO! aromatic ring 

indicated by a numeral in Figure 3_12 

Figure 3. 12 Compound A with Cg ring labels 

Table 3_9 X--H--- n: Ring interactions in Compound A 

X-H--Cg (Pi-Ring) 

C(9) -- H(9S) ... Cg(4) 

Dist~nce 1).) 

H--Cg X-- Cg 

2.681 3.447 

Angle n 
X-H- -Cg 

134.<4 
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Tsble 3.10: ,,-1l ring CCKltsCts if' Compound A 

Cg(A) - - C[I(8) 

Cg(l) - - Cg(.l)' 

Disl>lnce (A) - -- I 
Cg-Cg 

3_554(1) 

I Cg(l) --- Cp(4)' 3_724(1) , 

CoO) '" Cg(2)" 2_812(2) 
.. 

CoO) - Cg(3)" 3_813(1) 
-- - ---- , 

Cg(.l) •.. Cg(2)' 3_596(1) I 
Cg(4) . . Cg(l)' 3_724(1) , 
, Related s rnme 0 -, -X.- 2-z by y try pe y, 
" RrI~!<d bv qmm etry o perab"n 1_x,_y,2_z 

The packing of Compound A is shown in Figures 3_13 and 3_14, clearly showing the " -,, 

ring intersctions ood the oMentation of the molecule to allow the hydrogen bonding The 

torsionldihedral angles inyolYing the sulphone substituent are described in Table 3.11 

Table 3_11: TorsjQoLQihedral a'}gles loyolvi'}g ~uIDhur, 

Aloms involved Angle n 
. 

C(S).c (-4)-S(2)-O(3A) -38,5(2) 

C(21 }-C(-4)-S(2rO(.lA) , 145.1(2) 

8 (2 )-C (4 )-C (5 )-C (6) 1679(2) 

C(5) C(4) S(2) 0(38) 1584(2) 

C(21 )-C(4)-8(2)-0(38) 15_2(2) 
------- . 

c-(5i--C(4)-S(2)~C(1 ) 76.2(2) 

C(21)-C(4)-S(2) C(1) -100_2(2) 

S (2)-C(-4 rC(21 }-C(20) 177.0(1) 

46 



Univ
ers

ity
 of

 C
ap

e T
ow

n
(' ) 

('J 

Figure 3.13: P",ckinq di<lgrEms of the (a) a-"xis projection <lnd (b) b-,,,,:is prQlectlOfl of 

_C:Q[lJRQ.uOd_ A 

, 
\ , , 

• 
'. 

'" X X 

~ ~ , .' • X' t , . , 
• , , , 

Figure 3,14: Slereo view of the clYsis' p<lckinll down the a-axis Qf Compound A 
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3_3_8 XRD Powder analysis 

This is the most inlormative technique to establi sh whether a new crystalline phase has 

been created II the XRPD trace of the material investigated differs from that of the 

reference matenal this impli O!s that either a nO!W polymorph has beO!n form O!d or a 

chemical transformation has taken place 

-,-------------------, 

~ 

• 
! UJ~lc, • 0 • , 

~ • " 

,~ J A , 
,~ 

,WwLLL. " J • • , , 
" 

, '." , , , , 
2Th<>la 1°) 

Logend. /\ - RoIeco,ib 

B - Compo u'..o A 

The XRPD tracO! of rofecoxib is compared with the Lazy PulvO!rix" calculatO!d tracO! for 

compound A. The completely different traces shown in Figure 315 verify that a new 

crystal phasO! had indeed bO!en creatO!d _ 

339 Mechanism 

The starting material rofecoxib (1) form ed the product compour.d A (2) when vanous 

solvents (ethyl acetate and HP~CD solution) were used and when ij was heated (65 '-'C) 

in room light mtensity_ A suggestO!d mechanism is given in Figure 3.16. The class of 
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1 

is a Delnn~!rth'vlated cvc:loctextrin in 

COlmplexes.17
-
20 

rn..,.nnnut'lll"~'t'" clrvstallliSEIS in the nrtlhnrnn,mhi ... c:t, ... c:tY",rn in 

n=7 

iff"', ...... ~. nnu.lOt.ll'l::l' nlnr'lll"l.",n,,,,<::: in I""n''lI''In:!:IriiCtnn to 

it 
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',--,------

@ 

.-, < , , , , 
• , • ---------­__ ---J'-

• 

:I 
" 

Tem~"'ture I-G) 

L"9"oo a DSC GU",O of TRJI,IE:8 monoh)'d rate 

b DSC curve of ,RIB 

Figure 3.18: PSC Cl!ryesJ_or TRIB and TRIMEB monDhydrate 

H8M analysis 

The different thermal properties characterist i:; of TRIMEB rnooohydrate and TRIB arl': 

shown in the HSM photomicrographs below (Figure 3 19) TRIB melts over the range 

146.6-148.9 "C (Figure 3.19 (iii) and (iv)). No loss of water I,e the evolution of oobbles is 

seen, as IT is anhydrous. TRIMEB monohydrate shows bubblO! formation begInning at 

1245 C indicating water loss and tr.e melt OCcurs around 1575-1602 "C (Figure 3 19 

(d)) 
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IRIMEB-HQ 

, 

Figure 3.19- Photomicr09raph~ of TRIB and TRIMEB monotly!1cltll>_ 

3 4 4 Elemental analysis 

C and H analysrs were performed to display the difference between the TRIMEB 

monohydrate "nd the dehydrated form. Evidently, these two valU€~ will be very similar 

but a~ ~hown below the expenmental values of %C more closely correspond to the 

dehydrated form 

Table 3 1?: J~~mental analySiS resuKs for TRIMEB.H,Q and IRIB· 

TR IMEB . H,O TRIS 

Calculated Cak;ulakd 
, 

% C I 52.3 529 
_ .. 1. 

Experimental 

52.8 

; 

1 

''' H 17.9 79 0.0 1 
-----_._--_ .. 

• The ",ro~ In e"p enme<1ta1 values are , 0 5% 
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11 

b 

c 

Volume 

z 4 4 

were collected on 
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Formula W,,",inht/n 

TArnnF~r.:Illu'A I K 

size I 

scanned 0/° 

Index ranges 

,scan 1° 

(i) scan 

Dx/mm 

Total no. of reflections collected 

No. of reflections 

No. of reflections with I > 

No. of NURm,At'AI~ 

s 
>40" 

Reflections omitted 

scheme 

excursions I e. 

structure was 

nVI'lrn"",n atoms were re'll'eal8a in 

in a 

water mOtlec:uIEiS were IOcatelil. 

1429.66 

Orthorhombic 

1.2406 

0.101 

113 

3080 

0.20 x 0.30 x 020 

3.61 ::;; 0::;; 25.70 

h: -19,19 k: 20 I: 

1.0 

1.0 

52.80 

56677 

14499 

13091 

899 

0.0602 

1.107 

0.0531 

48 

0.1304 

a == 0.0516 b== 6.2614 

< 0.001 

0.40 and -0.49 

were DI~c:ea 

35 

non-

non-
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Geometncal analysis of TRIB 

The asymmetric unit consists of a single TRIMEB molecUle This structure, with 

numbering scheme and thermal elhpsoids, is shown in figure 3.20 The glucose units are 

referred to as G1, G2, G3 G4, G5, G6 and G7. 

G6 

G4 

ftgure 3 20 Macrocyclic structure and numbering scheme ofTRIB With the hydrogen 

atoms eXCluded viewed from the seconda_r'Lnm 

The glucopyranose residues adopt the 'c chair conformation and the macrocycle, 

except for G6, adopts an elliptically-distorted lruncated cone shape The anomaly, G6, is 

';gnif.cantly tilted relative to the other units, with its methoxy group directed towards the 

centre of the ring The other C(6)-O(6) bond directed towards the centre of the ring is 

that of G3, adopting a (+)-gauche conformatKln [,,' = +60'], whilst that of G4 is directed 

away from the ring adopting a (-)-gauche conformation [," = -50"] The C(5)-O(6) bonds 

of G1, G2, G5 and G7 are directed vertically, almost perpendicular to the plane of the 

nng As seen With most TRIMEB complexes the O(2)-C(7) bonds are directed away 

from the cavity and the O(3)-C(8) bonds are directed towards the ring, All the O(5)-C(9) 
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bonds are trails 1<0 = 180"] with respect to the C(5)-C(6) bonds. except In the G4 residue 

where the dihedral angle is gauche The mscrocyciic structure of TRIB is shown in the 

stereodlagram. figure 3.2 1, below 

Figure 3 21 Stereodiaqram of TRIB viewed down the b-axis. 

The geometrical parameters of the 0(4) heptsgon. calculsted from Platon are listed in 

Table 3.15, Thi5 includes the radii. the 0(4)···0(4') distances, and the 

0(4) ··0(4') ··0(4") angles, the 0(4)···0(4')-··0(4") .. ,0(4''') torsion sngles and the 

deviatlon5 01 each of the 0(4) atoms from the mean 0(4) plane (Chapter 1, section 

1.2.3) 

~Jl.~ 3 , 15: Geometricsl psrameters of the 0(4) heptagon for the TRIB StNCtu~. 

G,,"~ Radii 0(")···0(" ') 0(") angle Torsion angle Deviation 

Un~ I" I" n n I" 
"' 5.02 4.47 m 15.2 -0 .0«(2) 

G' 4.81 4.44 ,,, -2".3 -0 -«)5 (2) 

GO 4.85 422 II' -2.9 0,339 (2) 

G' ;;G ".3" IH '" 0421 (2) 

G' 4.59 4.61 m -38.5 _0.723 (2) 

GO '" 4.12 ,,, U 0.118 (2) 

G' 5.41 4.48 no u 0.355 (2) 

Average '" ",38 L......c. _l~7 16.2 0.353 
.--.... 
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Other macrocycioc geometrical features calculated are li5ted in Table 3.16. These are th e 

mtersacchandtc bond angle (Ip), which is C(1') - 0(4)-C(4), the 0(2)---0(3') distance and 

the till angle (_,), which is defined as the angle made between the mean 0(4) plane and 

the me1Jn plane through the four pyranose ring atoms, rl1Jmely 0(4), C(1), C(4) and 0(4) 

of each glucose unit 

Table 3_16 • 0(2) --0(3') distance anc! .. ' for jhll: TRI6 ~truglJr!O', 

Gn.cose ~ 0(2)- -0(3') " 
lII1it n I') n 
G) '" 3,37 142(1) i 
G' '" 3.24 26,7 (1) 

GO '" 3.26 42,5 (1) 

G' "" 347 8.4 (1) 
, 

G' '" , , 4.05 37.6(1) 

GO m 3.46 720 (1) 

G' )" 3.99 10_6(1) 

Average "" , 3.55 30_3(1) _ 
--- - ---- . -

Average bond lengths and arlgles are within the standard deviations of those reported 

for the hosl in other TRIMEB complexes However; there are rather large tilt angles 

which are unusual, particularly thaI for G6 These large lilt ar;gles are accounted for by 

the lack of 0(2)",0(3') hydrogen bonds arld sleric strain " H" "" The CPK space filling 

diagrams of the TRIB molecule are depicled in figure 322. These clearly show the 

macrocyclic o~erall geometry, the vertical alignment of the methoxy groups and how G6 

is severely tilted, ulbmately block!llg the cyclodexlrin cavity_ 
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,'> 

Figure 3.22: Spacf!-f~ling diagram of the TRIB structure (a) viewed from the side (b) 

viewed from the primary rim and Ie) view~d from Ihey!cond"..r:'L.rim 

'0) 

The packing diagrams of the TRIB structure (Figure 3_23) depict projections viewed 

down the 3- and b-axes. The complex un~s pack in a screw-channel mode in a head-Io­

tail style with their 0(4) planes roughly parallel to the yz-plane ConhrH.IOus channels do 

not exist due to the screw axis 

hl) 
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(oi 

1 • L 

Figure 3.23: PackIng Diagram viewed down (a) a-axis and fb) b-axis 

Figures 3.24 and 3.25 show three consecutive TRIB molecules in red and green mode 

Viewed perpendICular to the a-axis. These were selected to vi"", the self-ioclusion that 

occurs in this structure. Two melooxy groups of one TRIB molecule pmtrude into the 

cavity of the next TRIB molecule thereby preventing the latter from collapsmg. The 

grossly out of plane glucopyranose unit (G6) is 'sandwiched' between two of the vertical 

metooxy groups. one each from the two surrounding cyclodextrin molecules. perhaps 

causing this greatly tilted unit to adopt this conformation. The sell-inclusion described 

above invowes successive molecules related by the !'.<Iolold screw axis parallel to the a­

aXIs 
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(.) ib) 

Figure 3.24 TRIB mole@les ~iew~\! perpeodicular to the a-axis with ral CPK mode and 

(b) rutaway of the CPK diagram highlighting the Self indusion 

Figure 3.25: Stereoview showing the 'self-inclusion' referred to above 
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3.4.6 XRD Powder analysis 

Insufficient material prevented the recording of a represen tative XRPD trace of the new 

phase. Therefore the program Lazy PUNerix was used to create the XRPD trace using 

the refrned structural data from single crystal X-ray analysis (section 3.4.5). "This trace 

is compared with the XRPD trace of TRIMEB monohydrate (Figure 3.26). 

LegerJd a· PXRD trace of TRI"'l'B me<>ohydmte 

b· L=y f'ulv",,, f'XRD tr""" of TR IB 

2 The!;, n 

Figure 326 XRPD traces lor TRIB and TRIMEB monohydrate 

The differing traces indicate that crystalographically these two forms are different thus 

proving that a novel crysta Iline form of perTrtethyiated-ll-cyclodextrin has been found. 

63 



Univ
ers

ity
 of

 C
ap

e T
ow

n

ceileCoxi!D was 

ceilecOXI1D 5 Sirnil~~r 

or 

c:.n1~Aln'fq were 

sUCXEliea in 

27 

state is 

cellecCIXlD was at room 

more 

a was 

.... 1" .... .oJI.nn strenuous stress 

in a 

Anew to as was 

was a norl-cc)IIaIPse:d 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to sel'r-lnClUSlOf 

in contrast to 

was isollatEld 1:I11ITIn'Citt 

mOleCUle is were isollateld 

mOleculal rllC!:nN1", ... in TnnVnr'1:IT'" 28 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1. 

2. 

J.l-"nliilnTJ 

Mrul:lllCA J; 

1 

7. 

9. 

1 

1 

1 HIn:liVl:IInl1l:11 F; 

1 van UU1llSll:moom J. 

1 J. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Hollzw;artrl J; !":.flId .. nn,1"'1' 

J. 

J. 

in 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

1.1 

it is not PU:S::illiJltit to achieve 

cornpleXE~s to estliDII~;n 

irn',.,...-t .... .tl" it was (]IS'C:O"fe 

1 

colrnple~:es were nl"lCl,n ... ,1'Dt'I 

1 

structure riAt'Al'T'ninl:lltirln 

is nl:llr'tll:llliv overcome 

to 

A 

to CNc;loclextri 

?flO/ .... n ... !" is a true 

amounts a mortar 

to i~,nti'lfu whether cornpllexiiticln 

ua1:aD~lse.2 If are 

Tnr"",,,,.,.. is is to that has a COlrTlOlellBIV 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to 

are 

to trace is prcldilcslllV 

a: DIFBCD mixture (1:1 molar 

b: DIFBCD kneaded (1:1 molar 

c: lsostructural 10 group: P1) 



Univ
ers

ity
 of

 C
ap

e T
ow

n
l:' 
'ii 
j 
.E 
till 
l: 
:j 
II'! 

l:' 
'iii 
j 
.E 
II 

~ 
.!II 
t! 

«W 

3!lOO 

DlJ 

2500 

2IDl 

l!iOO 

11l1ll 

!iOO 

0 
5 to 

a: DIFGCD mixture (1:1 molar 

b: DIFGCD kneaded (1:1 molar 

c: lsostructural 

5IlIll 

5lIl 

«W 

3!lOO 

DJIJ 

2500 

2IDl 

l!iOO 

11l1ll 

!iOO 

0 
5 

a: SUPGCD mixture (1:1 molar 

b: SUPGCD kneaded molar 

c: lsostructural 17 group 

a 

b 

a 

b 

c 

25 

2 Theta r') 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5IJW 

5lJ 

4000 

3500 

·DlO 
~ .. 
c: 2!iIlO 
.! 
.5 .. am ,Ii!: 
!! 
:! l!iW 

HID 

!iW c 

0 
5 10 15 20 25 35 40 

2 Theta (") 

a: BUCGeD mixture (1:1 molar 

b: BUCGeD kneadad (1:1 molar 

c: lsostructural group 

cases, it can 

term 

COlmC'le>l:es means two or more colmp,le>l:es 

the riifl ........... t 

in 

in context 

mC)lelCUlles """"...uIJ'Y common 1f".JiI·\lItII""~ 

atoms, 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to seventeen a ·rY'I~tt'h· DeTweE~n 

trace a a 
e .... :lIt"ifi ... isostrudural 

Guest seA) b(A) c(A) (l (0) fJ ("') 'Ye> ,-, ----
10: fJ-CD, P1 

Tridecanoic acid 15.654 15.650 15.937 101.59 101.59 103.59 SOBHUM 

7 -tetradecanoic acid 15.626 15.623 15.935 101.55 101.56 103.64 SOBJEY 

17: y-CD, P4212 

Methanol 23.808 23.808 23.140 90.0 90.0 90.0 NUNRIX 

t '~""'''U'' crystal I 23.840 23.840 23.227 90.0 90.0 90.0 SIBJAO 

1-nuj.RlIllul, crystal II 23.809 23.809 23.207 90.0 90.0 90.0 SIBJES 

to 

in y-
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II-cydodeJdnn complexes a"""nd 70 "C and IS devoid of any endotherm a"""rId Ill" 

melting point Of suprofen, Indicative of complex formatIon. 

HSM ana"",is 

VisuahsahOtl of the thermal differencol'S be~n 6COSUP and fl-CD IS depICted in the 

photo-m;:;rographs In F-;;ure 4.8 below 

FIgure " 8: !-ISM phQl9rolCfQWl!ptts of BCDSUP Hod II-CO. 
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Fonnula wAiinhl'ln 

group 

alA 

b/A 

cIA 

Z 

Volume I 

Jl ........ " ..... , 

Index ranges 

+ scan I" 

OJ scan I" 

Dxlmm 

Total no. of reflections collected 

No. of ,n", .. """."" .. n'l' reflections 

No. of reflections with 1 > 

No. of U1dIlilillrllll!'!lH,IS 

s 
11641 renEi!Cbons 

Reflections omitted 

scheme 

2890.62 

Orthorhombic 

4 

14959.01 

1.2833 

0.128 

6160 

0.10 x 0.15 x 0.20 

h: 22 k: 29 

1.0 

1.0 

48.0 

47224 

14093 

11641 

806 

0.0430 

1.451 

0.1103 

42 

0.3344 

a=O.2ooo b= 

0.004 

1.00 and -1.59 

I: 38 

""",''''''',,,",,, crystallizE:ts in the "rtlhn ..... nrn~.i ... 

1 0 water mCllec:uIEtS 

a to 

a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

was was 

structure. 

atoms in most 
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atoms were common 

pUl:mnJn:s were locatE~d water mClieC:Ule!S was "' .... i ...... AI"'I a 
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1 

x 

atoms. 

water m(lllec:UIE~S 

atoms 
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:SUlooc:nllina the was 

were not IOcateK:! 

Inn~~,n rrlOIE~ulle was 

were ............ il"""ii ... Ari as a 
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hexagon using the AFIX 66 instruction This was followed by the placement of the methyl 

carboxyl group. Thereafter the thiophMe ring was ~aced, thiS was a challenge due to 

the diad intersecting this subshtuent. A sIngle isotropic temperature factor was used for 

all the non"hydrogen atomg of the guest and this refined to 0.10 A' The guest hydrogen 

atoms were included in geometrically calculated positioos and were assigned a common 

isotropic temperature factor The site occupancy factors were fixed at O.S for the entire 

guest 

GeometricMAn~L"- QUtCQS UP 

The asymmetric unit of the BCDSUP structure contains a single fl-CD molecule, half a 

g~st molecule and 10 water mole<::ules. The structure and numbering scheme of the p­

CD molecule and water molecules are shown in Figure 4.9. The glucose units are 

referred to as Gl , G2, G3. G4. GS, G6 and G7. The geometrical data for the Jl-CD 

molecule are listed in Tables 4.4 and 4.5 

G' G2 

O ·.¥" 

r&-'C1' ..... 
®-o".w 

G' 

GJ 

G l1 A 

Fig",re 4.9. Macrocychc structure and "umbering scheme of glucose resic!~s aQd waler 

oxvge" atoms with the hyd~. a!Qrns excLuded. The host ig ~iewed from the 

secC<1_daryl!l<::e The guest is greer> lor clarity 
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are in 

0;;;;;;:0"1.1"'0;;'''' are l'Iir4iW"'t.:o.ti 

'0;;;;0=" ..... ''1:0;;:0 are 

lc::nlmAI"At'I over 

structure are 

atoms mean 

1 

G2 5.12 1.2 

G3 5.03 4.41 130 -1.3 

G4 5.03 429 127 1.0 

G5 5.12 4.40 130 -0.9 

G6 4.99 4.34 128 0.7 

are 

1'1;0+"",.,..- and 
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G2 118 2.82 11.6 

G3 117 2.83 8.1 

G4 117 2.82 11.6 

G5 119 2.76 8.6 

G6 116 2.83 9.0 

G7 119 2.74 7.3 

centre 

i"'~'Cllrt.,.rI in 

""'ITI"''''~ it was not posiSible to rlic:tinnl two. 

be to irl"""tifU 

1 is a SlereOIVlew 
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C15 '" c·. 
L!J , , , - -

Figure 4. to_N-"rn~nnQ. sghemO! of the guest mol O!culO! 

Figure 4 .1 1 .. : :'ite.Ie9.-diagram of the awrnme.iri!;: u_nil [excluding waters] 

The conformation 01 the suprolen gu O!st may be dO!lined by three torsion angles. The 

torsion ang les 0' [C(S)-C(5 )-C(8)-C(9)]. Ii, [C(4 )-C(S)-C(5 )-C(8)] and Ii" [C( 12)-C(11 )­

C(14)-C(16)] will be used to describe rotation around the C(6)-C(8), C(5)-C(6) and 

C(11)-C(14) bonds respectively , The torsion angles of the comptexed guest are. Ii,-

148.3(2)' Ii,: -24.9(4)' and 0, : 161.3(2t. The torsion angles 01 the uncomplexed guest 

are: Ii, -144.7(3t 0,,: 15.7(2t and Iii -SS.9(3t' The torsion angles 01 the complexed 

supralen have targer 'out-aI-plane twists' than those 01 the uncomplexed suprolen, 

indicating that lor inclusion to occur, suprofen must be rotated and twisted to aliow for 

the guest to enter the host. This nO!C<'!ssary conformationat change of suprofen is 

supported by the taw average tilt angle value (. " 8.1') of the )l-CD The average , 

value ind,cates that )l-CO is a rigid molecule and the guest nMds 10 be contorted to frt 

O!lIiciMtly into the host cav~y 

83 
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Figure 4 12 shows the CPK diagrams for a dimer of the BCDSUP structur~ . Th~ upp~r 

half of the dimer shows the posihon of one component of thf: disordered guest [with the 

carbon atoms in green, oxyg~n atoms in dark rf:d. sulphur atom in orange and hydrog~n 

atoms in light green]. The lower half includes the other component of the disordered 

guest [With the carbon atoms in blue, oxyg~n atoms in dar.; purple, sulphur atom in 

purple and hydrogen atoms in light bluf:]. Thf: macrocyclic structur~ and close contact 

distances are illustrated clearly in this diagram Additionally it shows how the disordered 

guest is nearly completely contained in the dimer. with only the cartJoxyl moi~tif:S 

protruding from both primary sides 

4 

~ '. ~"'; ,-
• -. r ( , _ .' "~ . • \ , » '. ~ 

(. ) 

Figure 4 .12: Sp~"e:!Ulin~rar!J_QLthe aQDSUP J>tructure shgwing the dlsorderf:d 

gu~st in gref:n and blu~ (aJ sid~ vi~w (bJ section~d vif:w of thf: same ori~ntation 

(OJ 

The two disordered components of lhe suprofen molecule are related by the CL"axis 

which passes through the dimer interface (Figure 4.13) 
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F'.illllre.4 1:3: A schern~!~_ <;!i~ll@J!J~the quest in tt:l!;L dIrTl'!U!!J.tt. Xi!;lWe_ci flJH!rti R<!U!Lll;lj to 

the b-axls [excluding the hydrogen atoms] 

Hydrogen bonding interactions of the BCDSUP stru<:ture 

Host interactions 

The host molecules are stabilised by five intramolecular 0(2) .. ,0(3') hydrogen bonds on 

their secondary faces. This differs from other reported p·CD structures which normally 

have seven intramolecular bonds ' " " Two host molecules form a head-to-head dimer 

with C2 symmetry Too dimers are stabilised by si~ O-H --0 hydrogen bonds which 

involve the 0(3) hydroxyl groups AdditIonal in ter-dimer hydrogen bonds occur between 

cyclode~trin layers, which are referred to as intra-layer interactions These involve the 

0(2) and 0(6) hydroxyl groups Table 4,7 lists these lengths_ 
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Host 

interactions 

interactions 

Related 

iiReiated 

!!lIvm,m~rv n.~",r"m"n Yi -x, Yi +y, -z 

NumberofH-

bondsktimer 

5 

6 

2 

2 

2 

mOI!ecule is 

atom are 

C-H···O C-H 
bonds 

Intramolecular C4G1-H4G1 .. 06G1 1.00 

C6G2-H6B2 0.99 

C4G3-H4G3 .. 06A3 1.00 

C4G4-H4G4 .. 06G4 1.00 

C4G5-H4G5 .. 06G5 1.00 

C4G7-H4G7 .. 06G7 1.00 

Intermolecular C2G5-H6 1.00 

C1G5-H1G5 1.00 

C1G7-H1G7 1.00 

1.00 

Related 

"Related 

Mean ) 

2.74 - 2.83 2.81 

2.75-2.88 2.81 

2.98 2.98 

2.78 2.78 

2.64 2.64 

."" .... u"" the 

disl)rd4~r in to 

on ideali2~ed 

C-H···O 

2.54 103 

2.54 143 

2.57 102 

2.46 102 

2.56 2.951 103 

2.59 104 

2.35 157 

2.54 144-

2.57 134 

2.31 169 
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* Related 

-Related 

.. 06G2.o 

were 

H···A 

0.84 2.00 

1.00 2.47 3.324 

1.00 2.57 3.399 140 

a mass 

1'1."',"' ......... ""'.1'1 over two IJU':l>llI'U'1 

are De11\M3ten water 0X110E!n 

hvrtrn'1An t-lnr>t'I .... ,., n'''' .. ''''rn ... t..:. ..... are on laeall2~ea nu .. 'rtV, ... n nn.~iti/ ... nC! in 

a 

water 
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[)..H 

0.84 

06G2 -H6G2 0.84 2.01 143 

02G3 -H2G3 .. 012W 0.84 2.10 1) 133 

06G4 -H6G4 .. 09W 0.84 1.85 154 

0.84 2.19 178 

C4G4 -H4G4 .. 01WA 1.00 2.53 136 

iReiated 

Ii Related 

D ..... U'Ol'Vr structure down the ..... -........... 

not 

and 

rlim'AI!"C! occurs. 
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E.im!re...1.H :...pac!;jn.Q Qjagra_m_ojJh(: eCDS\lp _structure [c-~xi~ projection] Four unit 

cells are shown 

Figure 4.15 is a packing diagram of the BCDSUP strocture projected down the b-axis 

This diagram illustrates the characteristic packing motif lor the ~-CD dimers. The 

packing mode is Chessboard (CB). This correlates well with other reported c~ses 01 ~­

CD complexes in the space group C222 . where the packing mode IS Chessboard ' ,. 

This structure also corresponds to all other known dimeric ~-CD complexes in Vlhich Il­
CD crystallizes in layers.' Figure 4.16 shows the stereo-packing diagl"llm of the 

BCDSUP structure projected down the 3-~xis 

Figure 4.15 Packing diagram of the BCDSUP stllJCture [b-~xis projectiQnl 

W) 
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L 

Figure 4.15 Stereo packi1g diagrpm of the BGD§UP ,,\[ugure [a-axis projection] 

4.2.6 XRD Powder analysis 

Figure 4.17 ~hows the XRPD psttems of the ~-CD <lnd suprofen 11 physical mixture 

and the co-precipitate malenal whose prep<ll<Ition is described in section 4.2.2. 

Additionally, the computed trace (program Lszy Pulverix"j from the refined dsta of the 

single crystal structure (section 4.2.5) is also shown. These tr<lces are compared to 

prove Ihs! sn inclusion complex has formed and Ih .. ! the bulk msterisl corresponds to 

the single crystal structure. 

'" 
~ 

'" 
~ "' • 0 , 
~ , 

~ ~ , 
• , ~ 

" 
"'n_ 

2 Theta (0) 

, ogcnd 0 PX~rJ of 8C0 ""d Sup<ofen physical mi,!u," 

b PXRD of OCGSUP co-prOl'C;,,;totc rnato",,; 

c PX f<r) of L~zy Pu~,e,,< Cdiou l"led trite, 

Figure 4.17, XRPD trace~J()r BCOSUJ~ 
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"W 
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'ucu 1 
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Legeoo" TGAofTRIBSLP 

B Dse ofTRIBSLf' 

C. Dse ofSepmfefl 

HSM analys is 

--
/\ 

w 
" 

Tempef~lu", (' C) 

/ ''----.. - " 

/ 
-' ----

" 

w 

, 
---', 

" ,. 'w 'w 

The photo-micrographs shown in Figure 4.19 ind icate that the materia l examined is not 

simply uncomplexed TR IMEB TR IMEB monohydrate shows bubble formation beginning 

at 1245 "C ind icating water los; and the m elt OCCIJ rs around 157.5 and 160.2 "C (figure 

4.19 (b) - (d». TRIBSUP shows no bubble formation, indicating that it IS anhydrous and 

the range of meltirlg is between 159_ j and lB4.1'C (F igure 4.19 (ii i) - (iv») . 

9) 

< • • • 
~ 
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TRIBSUP 

(d) 150.2 "C 

F Igur!L11(L1lS.MJ;lIJ.9J'Ln:tkolQgJil.Qlli fUR I Eil2.UP and TRIMEB 

4.3.3 Elemental analysis and UV Spectrophotometry 

UV analysis proved that this is a 1'1 host guest complex. This was verifi€d by 

elemental analysis (Table 4.12) Tile proximity 01 the experimental values to those 

calculated proves tlla! tllis is a 1 '1 complex 

94 
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Fonnula Wainht'l ... 

Crv~t::lll size I 

scanned e / <> 

Index ranges 

,scan /0 

ID scan 1<> 

Dx/mm 

Total no. of reflections conected 

No. of reflections 

No. of reflections with I > 

No. of """,,,,,mgT""'" 

s 
15957 rellE:K;II(ms) 

Reflections omitted 

scheme 

excursions I e. 

wassail/eo 

atoms 

in 

atoms OXlICletn atoms 

1689.88 

Orthorhombic 

1.2818 

0.12 

3624 

0.40 x 0.40 x 0.40 

2.75 ~ e ~ 27.83 

h: 20 k: 27 I: 35 

1.0 

0.8 

45.0 

80354 

20712 

15957 

1047 

0.0523 

1.029 

0.0609 

34 

0.1515 

a = 0.0637 b= 8.5956 

< 0.001 

1.79 and -0.64 

molecule were re"realeCl 

were 

a 
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G5 r 
G6 

G4 co 0> 

C3 l C~--.-' 
~ .J'" ,./'. c. 

C8 4~ r ei 
/ 0«>< 

~~\ 
G3 £ "y 

G' 

G2 

figure 4.20 Macrocvcllc structure and numbenng ~cheme of glucose residues with the 

~droge!1._;;!toms excJuded The hQ~!Js_'yJe.W.QJrol!J the ~econqOCLta<::!l .. Th_!.LQ\Je_"! 

mol l!.c.j.!.!~_i.". areen for<;;]wili. 

All seven of the methylglucose residues o.f the TRIMEB molecule are in the 'c, chair 

con/ormatiDn The macrocycle has adopted the shape of an ellipbcally-distorted and 

truncated cone with the C(6)-O(6)-C(9) gro~s of G1 G2. G4, G5 and G7 almDst closing 

off the 0(6) side No d,sorder was ~een on the TRIMEB molecule, A~ IS normally the 

case with TRIMEB. the O(2)-C(7) bonds are directed <.may from the cavity and the 0(3)­

C(8) bonds are directed towards thO! cavity " The C(6)-O(6) bonds of residues G1. G3 

G5 and G6 are directed away from the cavity in the (-l-gauche conformation, while those 

o.f G2. G4 and G7 pOint towards the cavity in the (+)-gaI.l(;OO conformatIOn. The 0(6)­

C(9) bonds of all glucose rl!sidues are trans to the corrl!spondlrlg C(5)-C(6) bonds 

except in G6, where it is gauche 

The geometllCal parameters of the 0(4) heptagon of the TRIBSUP structure are listed In 

Table 4.15 This includes the radii, the 0(4) 0(4') distances and the 

0(4)···0(4') ··0(4") angles, the 0(4)-- ·0(4')--·0(4 ',)-··0(4''') torsion angles and the 

deviations of I!ach of the 0(4) atoms from the mean 0(4) ptane (Chapter 1, sectKln 

1.2.3) 
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Tabl 415 G e , , eome rica l2arame ers 0 Ith 0(4)het e [l a!lQn 1 th TRIBSUP t 0 ' , s nJ.Idjf~., 
~ 

G,",oo Roo; 0(4) ... 0(4') , 0(4) angle TorsIOn angle Deviation , 
Unit Ii, '" 

, 
n (") I"~ 

~ 

G' "" 4.53 m " 0443(2) 

G' ;00 4.37 '" '" 0220 (2) 

G; 5.t8 4.57 '" ~, -0.500 (2) 

G' 
, 

'" 4.24 no _193 -0031(2) , 
G; 5.13 , ''" '" 25.7 0.586 (2) 

GO '"' 4.39 '" " 
, 

-0.326 (2) 

G, 4.94 4.16 '" -23.3 , -0.392 (2) 
-------~~~ 4.39--- ~ 

Average i 5.01 m 14.6 • .1 0.357 
• 

Table 4 16 hsts the IntersaccharidlC bond angle «pl , C(t ') 0(4) C(4), the 0(2)· .. 0(:3') 

distance and the tilt angle (T.,). which is delined as the angle made between the mean 

0(4) plane arld the mean plane through the four pyranose ring atoms namely 0(4'), 

Cit), C(4) and 0(4) of each glucose unit 

Table 4 16: '" 0(2) 0(3) distance and T for the TRIBSUP stru::ture 

GllIGose 

Average 

, 
(") 

116.7(2) 

I 17.2 (2) 

113.2(2) 

115.2(2) 

117.1 (2) 

117.5(2) 

1156(2) 

I 16.8 

0(2).·.0(2) 

(Al 
3.10 

3.64 

3.65 

3.37 

3.78 

3.52 

3.23 

n 
27.6 

21.6 

_7 .7 

44.8 

'"' -158 

335 

I 

~~ 

1 . __ '_'_' __ L __ '_' _'_---', 

Average bond lengths and angles are In agreement With those reported for other hosts in 

TRIME8 complexes , 10 17" 10 The data corresponded weH WIth the isostructurnl TRIMEB­

(S)-naproxen complex '" The conformation of the TRIMEB molecule IS distorted unlike 

the host molecule which is stabilised due to the presence 01 intramolecular C-H ··0 

interactions ' l' " 

I 

, 
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Guest geometry aM interactions for the TRIBS UP structure 

The suprofen molecule (Figure 4.21) is held in the TRIMEB cavity by hydrophobic forces 

and is inserted n the 0(2), 0(3) side of the cyclcdextrin molecule with the thiazole ring 

buried in the cavity fleaf the 0(6) side. The (S)-enantiomer 01 suprolen was preferentially 

included in the char3Cteri~ed crystal The carboxylic acid substituent is protruding from 

the 0(2), 0(3) ~Kle Figure 4.22 IS a ~tereoview of the title complex. The CPK space 

filling diagrams of TRIBSUP are depicted in Figure 4.23. These clearly show the 

macrncyclic overall geometry and the insertion of suprofen within the cyclodextrin cavity_ 

" c, - , ". c; ,., 
I co, - , 

\ co Q'" " ," " f I C1O~'" - -
~ " \ , ~ ~, 

- co, ~_ 

c··, 
m (,," -

F:igure 4.21 l'iYmbenng scheme of guest molecule showing disorder arouM the 

carboxyl group 

Fiaure 4 22 Stereodiagram of TRI6SUP_ 

"" 
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(a) (b) 

figure 4.23 Space-filling d,_ag@m_oftheTRIBSUPstructure(a)sideview(b)sectioned 

side ~i ew (c) viewed from the secondary rim pnd (d) ~iewed from the primSiry rim, 

The confonnation of the suprofen guest may be defined by three torsion angles. The 

t0r5ion angles ,), [C(5)-C(6)-C(8)-C(9)], 0--, [C(4) -C(5)· C(6)-C(8)]and 8, [C(12)-C(11)­

C(14)-C(16)]. will be used to describe rotation around the C(6)-C(8), C(5)-C(6) and 

C(11)-C(14) bonds respectively The torsion angles of the cornplexed guest are 0, 

27.6(2)', Ro 24.9(3)" and ,), 923(2) ' In contrast, the torsion angles of the uncomplexed 

guest are; R. , -1447(3)", " 2: 16J(2t and ii, - -559(3)°' The torsIOn angles of the 

complexed suprolen ha~e smaller 'out-of-plane twists' than those of the uncomplexed 

suprofen, indicating that inclusion allows fur less rotational freedom around these 

lIll 
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specifIC bonds. This statement is supported wrth the mean tilt angle value for the host 

molecu le (~1 = 26.7"). This value is large ind;:::ating that the CD is collapsed thereby 

allowing the guest less rotational freedom 

fjydr()gtin bondiog interactions ()f the TRI BSUP structure, 

Host interactiCOls 

As mentioned previously the distorted conformation of the TRIMEB molecule relative to 

that of the parent [l-cyclodextrin is stabilized due to several intramolecular C-H ·0 

hydrogen bonds These hydrogen bonds; which are based on idealiled hydrogen atom 

positions, are seen in Table 4.17. The conformation of the TRIMEB molecule in the 

TRIBSUP complex is stabilized by five C(6)-H ··0(5) intramolecular hydrogen bondS 

Addrtlonal~ there is one other intramolecular ioteraction, namely C(IG5)-H 0(6) 

stabililing the tilt angles of G5 

Table1,17; Intramolecular C-H···O h'l'drollen bonds in the TRIBSUP structure. 

Distance (A) - Angle n J , H 0 O~H H··,O C .. ·O C-H .. 0 
CGGt --H6Bt .05G7 099 257 3.217(" ) m , , 
CGG2 --H6A2 .05Gl 099 2.41 3.326(" ) , " I 

~G' ·H6A2 .05Gl OW 2.41 3.114(4) B< 

~G' -H6B5 .05G4 OW 2.42 3.134(4) '" 
~G' --H6B6 .05G5 OW 2.43 3228(4) m 
C1G5 --HtG5 .06G6 LOO 2.36 3 .2t2(~) '" 

QU!i'st i ntera"tion~ 

Locating hydrogen bonds identified the hydroxyl group of the carboxylic acid substituent 

of the guest. 018A and 017B (the disordered component) were identified as the 

hydro",,1 groups of the guest. These IwI:l atoms are involved in hydrogen bonding with an 

oxygen atom of the cyclodeldrin These contacts are listed in Table 4.18. The hydrogen 

bonding parameters are based on idealized hydrogen atom positions 
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Table 4. 18: Hydrogen bonding contacts involying the glltll.. 

Disklncc (AJ Angle fJ 

Dormr (D) H Acceptor (A) H· A D ··A 

01BA -- HIBA 03G2' 0.8~ 1.96 2.651 (5) 

0178 H17S .,03G2 0,84 1.75 2.588(3) 

eec"".,,,.,,cc,,,.",",cc,,,occ,,,,.,,,.,,,O'"c'~,,",".,.,,C"'~',,,c~,,--------' 

Crystal packir.q of the TR IBSU P strllCture 

D-H ·A 

no 

n, 

Figures 4.24 (1l), (b) are extended pocking diagrams showing projections down the a­

and b-axes, The stereo-packing diagram of TRIBSUP viewed down the a-axis is shown 

in Figure 4.25 Complex units pock in 1l screw-channel mode in a head-Io-tail 

armngement. The TRIMEB molecules h1lve their mean 04 plane approximately parallel 

to the ac-plane. Due 10 lhe two-fok! screw symmetry, the complexes are laterally Shifted 

with respect to one another, thereby prevent,ng a channel structure but rather forming a 

cage-like structure. There is no inclusion of the carboxylic acid residue in a neighbouring 

host molecule 

o 
o 101 

(01 

Figure 4.24: P1lcking diagram ~iewed down raj a-1lxis and (bJ b-axis 
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Figure 4)5: StereQ:-packin1j g~9!<¥Tl_ d_O'W'n th l! a-axis projection showing cage structure 

4 _3.5 XRD Powder analysis 

The XRPD trsce of the physicsl mixture differs considerab~ from that of thl! co­

precipitate materiaL proving that a new crystaltine phase has been producl!d (Figure 
, 

4 26). The computer-generated XRPD tracl! (program Lazy PutVl! rix ) catculatl!d from 

th l! refil'led structurat data from singl l! crystal X-ray anstys is for the complex (Section 

4.3_5) corresponds with that of the co-precipitate material. The angular shift is due to the 

different temperatures involved (-100 "C and 25 -'C respectively) 
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• > 

~ • 

,,"- ----------"------

.0:," 

.lTI' 

,m 

'" 
"OJ 

'm 

em 

'> 

, 

~ Th<!ta n 

L"II"' lu. a. PXRD <A TR MEB oou 5llprof"" pllysic"1 mi>:tllre 

b: P/RO 01 TR ElSIR c()-rr"" iPtat~ ma""ial 

c : f-'X ~ll 01 L. zy f"'"e flx c'cLJoted tra ce 

Only the IrtC kJslon complexes in~ol~ing suprofen and the cyclodextrins p·CD and 

TR tM EB were obtained and fully characterised in this study 
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4.4 Discussion 

Several inclusion complexes involving the guest NSAIOs diflunlsal. suprofen and bucetin 

and the hosts ~- and ·(-cydodextrin were id81ltifted uSing the XRPD technique. It was 

suggested earlier that within an isostructural series. the \!foss features of the pattems 

are constant regardless of the nature of the included guest ' This was proven to be true 

In this prOject by comparison of the various XRPD patterns, 

A novel inclusi<Jn comptex between f)-CD and suprof81l was discovered and 

characterised USing thermoanalyticat, elemental analysIs and crystallographIC 

techniques. The new dimeric complex was found to have 10 water molecules per fJ-CD 

molecule and to crystallize with the host \luest ratio of 21 The host adopts the usual 

conformation seen In other fJ-CD complexes. '~ :ll' " " The (S)-enanticmer of suprofen 

was preferentially included in the chllractensed crystlll. The guest is disordered Over two 

orientations due to the C;~llxis. The packing molif waS found to be screw channel (SC), 

A new InctuslOl1 complex between TRIMEB and suprafen was discovered and 

characterised uSing thermollnalytical. elemental llnalysis and crystallographic 

techniques. The new complex was found to have no water molecules in its crystal 

structure and the host adopts the usual conformation seen In other TRIMEB 

complexes, :" • 7, ' ;', 
10 The data corresponded well with the ;sostructural TRIMEB-(S)-

naproxen complex, " The (S)·enanhomer of suprofen was preferentially included in the 

characterised crystal The 0 atoms of the -GOOH group are disordered over two 

orientatiOnS, this is due to the p{lsslbillty oflree rotation around the C·COOH bond. High 

electron denSity peaks Were discovered llraund the disordered carboxyl group and the 

phenyl ring. The possibility that these electron density peaks represented disordered 

carbon atoms was rejected due to their unfavourable \lBOmetnc positions relative to 

those atoms already placed, These peaks p{lssibly represented minor inclusion of the R­

enantiomer. A full study of which enantlOmer is preferentially included under different 

conditions of complex preparation was not carried out because of time constraintS, 

However, this should be the subject of a future study 
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