June 2010

Trade Science Ine.

ISSN : 0974 - 7478 Volume 6 Issue 1

Macromolecules

A Jndian Joaraal

— Fyfl Peper

MMAIJ, 6(1), 2010 [49-59]

Chlorambucil inclusion complexesstudy with B-cyclodextrinsthrough
NMR, | R spectroscopy, x-ray crystallography and capillary electrophoresis

Miguel A.Hernandez Balboal?, Velia Vela Arévalo?, Victor H.Abrego Reyes®, Ana M.Velazquez?,
A.Ganem-Quintanar?, D.Quintanar?, Brigida Camacho®, Guadalupe Nava® Maria J.Rosales-Hoz?,
Marco A.Leyva?, Eusebio Juaristi4, Erika Jiménez-Gonzalez*, Rafael L 6pez-Castaiares®, E.Angeles™
Facultad deCienciasQuimicas, Universidad Auténoma de Chiapas, (MEXICO)

Departamento deCristalogr afia CINVESTAV-IPN, (MEXICO)

*Divisién de Ciencias Quimico-Biologicas, FESC-UNAM, (MEXICO)

“Departamento deQuimica CINVESTAV-IPN, (MEXICO)

SFacultad deQuimica UA del Estado de (MEXICO)

E-mail ; angeles@ser vidor.unam.mx
Received: 21% March, 2010 ; Accepted: 31% March, 2010

ABSTRACT

The capacity of cyclodextrinsto house molecules such as chlorambucil was
studied by *H and *C NMR through inclusion complexes formed from
chlorambucil with three B-cyclodextrins; in addition, infrared spectroscopy,
X-ray crystallography and capillary electrophoresis studieswere conducted.
Solid complexes were obtained by co-precipitation method, with *H and *C
homonuclear studies, 2D techniques (COSY, HETCOR and ROESY)) of *H-
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13C heteronuclear correlation of liquid-phase nuclear magnetic resonance
and solid-phase for *C. The results demonstrate the formation of inclusion
complexes, their stability in aqueous solution, and provide evidence to
identify theinteractions between chlorambucil and the studied cyclodextrins.
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INTRODUCTION

Cyclodextrinsare polysaccharidescontaining 6, 7
and 8 monomersof D-glucosejoined by o 1-4 linkages.
They havethe ability toforminclusion complexeswith
mol ecul eswith adetermined polarity and dimension,
because they have a hydrophobic cavity and an outer
hydrophilic surface™®); based onthat property, extensive
applicationshave been found in many fields, including
pharmaceutical technology, agriculture, forensic
sciences, chemical synthesis, analytical chemistry, in
order to improve aqueous solubility, dissolution,

bioavailability, stability, reducetoxicity and control drug
delivery!®®l,

B-CD is the most used cyclodextrin in
pharmaceutical application, thisisbecauseitscavity has
agood affinity with the hydrophobic fractions of many
compounds, however, 3-CD haslow solubility (1.8%
to 25°C)™, and so recently somemethylated, sulphated,
hydroxylated and acetylated 3-CD™ have been
prepared withtheam of improving the physicochemica
and inclusion properties of native 3-CD, leadingto a
great number of studieson inclusion complexeswith
different drugg:,
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Chlorambucil isacrystallinedrug that isslightly
solubleinwater and solublein ethanol, chloroform,
acetone, diethyl ether and alkaline solutions, andis
easily decomposed. Itisadrug usedin thetreatment
of chronic lymphocytic leukaemia, giant follicular
lymphoma, Hodgkin’s disease and it has also been
tested for the treatment of Lupus erythematosus,
nephritic syndrome, chronic hepatitis, psoriasis, and
rheumatoid arthritis, and when having problems of
low solubility and stability, inclusion complexeshave
been formed with cyclodextrins, noticeably improving
these problemg/6-18l,

Moreover, inclusion complexeshave been studied
through different HPL C techniques, FHluorescence, CE,
DSC and IR. In the last years, nuclear magnetic
resonance (NMR) spectroscopy has played a very
important roleintheandysisof different macromolecules
such asproteinsand carbohydrates, sinceit provides
information rel ated totheinteraction between molecules,
and great acceptance has been observed toward the
studying of interactionsbetween drugsand cyclodextrin,
bothinliquid asin solid phasd*%. Recently, wehave
described studies on capillary el ectrophoresis of the
chlorambucil-B-cyclodextrin complex(®,

In the present study, Chlorambucil inclusion
complexeswith dimethyl-3-cyclodextrin, trimethyl-3-
cyclodextrin and hydroxypropyl-p-cyclodextrin were
prepared through the co-preci pitation method, likewise
were characterized by liquid-phase nuclear magnetic
resonance spectroscopy, through *H and **C studies,
and 2-D homonuclear (*H,*H) and heteronuclear
(*H,C) experiments, *C solid state, | R spectroscopy,
and X-ray crystallography and capillary el ectrophoresis.

EXPERIMENTAL

Material and reagents

Chlorambucil and trimethyl-B-cyclodextrin were
acquired from Sigma-Aldrich. Dimethyl-3-cyclodextrin
and hydroxypropyl-B-cyclodextrin wereacquired from
Beckman Coulter (Mexico). CDCI,, deuterated
trimethylsilyl (TMS) and D,O were acquired from
Sigma-Aldrich. Absolute ethanol, sodium borate
decahydrate (Na,B,0,.10H,0), aswell astherest of
thechemica compoundsthat wereused, wereandyticd
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gradereagent.

Prepar ation of inclusion complexesby co-precipi-
tation

The co-precipitation method has been reported as
an efficient method for obtai ninginclusion complexes
with cyclodextring®34, Thechlorambucil and each of
the cyclodextrinswereweighted at a3:1 proportion,
respectively; the cyclodextrin was dissolvedin 4 ml
absolute ethanol , with magnetic stirring and heating at
40°C until total dissolution, subsequently, the
chlorambucil wasadded d owly maintai ning constant
stirring. Thesolution was heated to boil, removed, and
kept at 4°C. The formed precipitate was filtered by
0.45um membranes, washed with absol uteethanol, and
kept in vacuum desi ccatorsfor itsstudy.

It must be stressed that in previous studies the
stechiometry of complexesweredemonstratedis1:1
ratiot®y,

NMR experiments

H and *C experiments were obtained at 37°C
with a Varian system operating at 200 MHz. The
chemica shiftsweregiveninppm, usingtrimethylsilyl
(TMS) as reference at Oppm. The samples were
prepared dissolving 20-25 mg of each dry powder;
chlorambucil (CHL), dimethyl-B-cyclodextrin (DM-f3-
CD), trimethyl-B-cyclodextrin (TM-B-CD),
chlorambucil-dimethyl-3-cyclodextrin (CHL-DM-f3-
CD) and chlorambucil-trimethyl-3-cyclodextrin (CHL-
TM-B-CD) complexes were dissolved in CDCI,
(99.8%), while 2-hydroxypropyl-p-Cyclodextrin (2-
HP-3-CD) and the chlorambucil-hydroxypropyl-3-
Cyclodextrin (CLH-2-HP-B-CD) inclusion complex
weredissolvedin D, 0 (99.8%); inthisexperiment, D,O
at 4.8ppmwascons dered amarker. Thesampleswere
dissolved at least 20 minutes before each NMR
experiment. Chlorambucil, DM-B-CD, TM-3-CD,
HP-B-CD, Chlorambucil- DM-B-CD, Chlorambucil-
TM-B-CD and Chlorambucil- HP-B-CD were
characterized by homonuclear correlaion (COSY) and
heteronuclear correlation studies(HETCOR). ROESY
experiments were performed in at 37°C in a JEOL
system at 500MHz. Using D,O as solvent for CHL -
DM-B-CD complex, CD,OD for CLH-2-HP-3-CD
complex, and DM SO for CHL-TM--CD complex.
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Figure2: Numerated structuresfor every onecyclodextrinsused to complex chlorambucil. All hydr oxyl groupswerenot
numer ated for *H chemical shifts, becausethey are marked and discussed asOH in the present work

Fourier transforminfrared spectroscopy (FT-IR)
method

The spectrawereobtained usng Fourier Transform
Infrared Spectrometer Nicolet Magna560. Thesamples
were previoudy mixed with anhydrous K Br, and adisk
wasprepared by compression of that mixture. Thescans
were executed with spectraranging from 4000 cnr to
400cm'™.

Capillary electrophoresisstudies

In previous studieswe obtai ned the effectivemo-
bilitiesof CHL and CHL-TM-B-CD complex and was
demonstrated the presencein sol ution of thecomplexi?4,
In this study we carried out experimentsin order to
obtain themobilities of the CHL-DM-3-CD and CHL-
DM-CD complexesto provetherea existenceof the
complexesinsolution.

The methodol ogy used to carry out the experi-
mentswas described by Hernandez, et a.1?4. In gen-
erd different concentrations (from 5 to 2000ug/mL )

of CHL and CHL-B-cyclodextrins complexeswere
anayzed by capillary electrophoresis, usng aPACE/
MDQ Beckman- Coulter capillary electrophoresis
system (PaloAlto, Cdifornia) equipped withadiode
array detector, all the experimentswere carried out
using anew fused silicacapillary (Polymicro Tech-
nologies, Phoenix, Az.) of 75um of internal diameter,
60 cm total length and 50 cm to the detector. Previ-
ousto usethe capillary wasrinsed whit 1.0 M NaOH
and deionized water for 30 and 10 minutes respec-
tively. Thebackground el ectrolyte used to carry out
the experiments was 20mM sodium tetraborate,
hidrodynamical injection was used to introduce the
samplesinto the capillary pressure applied was 0.5
psi during 5 seconds, the temperature was 20°C and
the voltage 20kV. The capillary wasrinsed between
each experiment whit 0.1 M sodium hydroxide, deion-
ized water and background el ectrolytefor 10, 5, and
5 minutesrespectively.
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Figure7:H NMR spectraCHL, TM-$-CD and CHL-TM -B-
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RESULTSAND DISCUSSION

NMR studies

In order to make clear the results we present the
numerated carbon and hydrogen structures of
chlorambucil figure 1, and cyclodextrinesfigure2 used
inthisstudy.

TABLE 1 presents the data obtained of *H and
TABLE 2 for C for free chlorambucil, DM-p-CD
and theformed complex. It isobserved that the H-7 of
CHL isexhibiting ashield shift at 0.138ppm (Ad with
negative va ues) when the complex isformed; therest
of thehydrogen do not exhibitimportant changes. Ac-
cording with the results obtained for the DM-B-CD
hydrogen, we observed that H-4, H-5 and H-6 un-
dergo ashield effect at 0.062, 0.033 and 0.027ppm
respectively, whereas H-1, H-2 and H-5 had been
unshielded dueto their movement tolower field; Gibaud
et al.[® and Venturaet a.?® conducted NMR studies
on DM-B-CD inclusion complexeswith melarsoprol
and papaverinehydrochloride, respectivey, finding that
H-5 of DM-B-CD istheprincipa cyclodextrin hydro-
geninteracting with theincluded molecules. Whereas
thishydrogenispresent into thecycl odextrin cavity, the
studies conducted in the present work agree and cor-
roborateresultsprevioudy obtained by those scientists.

According to theresultsof Catomsof CHL, (C=
O) shiftsto 2.061ppm, C-3 to 0.242ppm, both with
shield effects, whereas C-2, C-5 and C-9 display
vulnerability effects between 0.030 and 0.060ppm, C-
4 and C-6 were not detected in the experiment for the
inclusion complex. It must be stressed that the carbons
of DM-B-CD exhibited slight changesfrom 0.000 to
0.030ppm, C-1 and C-2 had suffered slightly shield
effects. Figure 3 shows the *H spectra of the CHL,
DMBCD and theincluson complex obtained, and figure
4 shows the ¥*C spectrafor CHL, DMBCD and the
complex.

DEPT, COSY and HETCOR figure 5 studies of
2D-NMR allowed usto conduct the correl ationsand
assignations of *H and *C atoms; in the COSY
experiment, it is possibleto observe that the H-7 of
chlorambucil corrdaewith H-5 of the DM-B-CD when
the complex isformed, those resultsare corroborated
with ROESY experiments(Figure6).

—== Py Paper

The CHL-TMBCD complex experiment of *H
showed that H-6 of chlorambucil wasdisplaced at low
fieldsin approximately 0.030ppm, exhibiting ashield
effect, and H-7 wasdisplaced 0.044ppm toup fiddsin
comparison with freechlorambucil. Likewisein TM-
B-CD it wasfound that H-5 is affected at 0.104ppm
having avulnerability effect (theresultsareshownin
TABLE 3). The obtained data point theinteraction of
both moleculeswhen theinclusion complex isformed.
Theobserved shiftsin the hydrogen experiment for TM-
B-CD agree the datareported by Kong et a.* in a
study with 5-(2-hydroxyphenyl)-10,15,20-tris (4-
methoxyphenyl) porphyrinwith B-cyclodextrinsinwhich
TM-B-CD H-5istheatom that interactswith the guest
molecule

In the 2C experiment, C-3 of CHL appears
displaced in 0.242ppm and (C = O) 1.879ppm when
theinclusion complex isformed aswell asC9, havinga
shield effect, C-6 suffers a vulnerability effect of
0.212ppm; we a so observed that C-2, C-1 and C-5
donot exhibit sgnificant changesinthar shifting. It should
be stressed that the C atoms of TM-B-CD did not
exhibit changeswhen the complex wasformed. Figure
7 showsthe obtained *H spectraof CHL, TM-3-CD
and theinclusion complex, and figure 8 showsthe *C
spectrafor CHL, TM-f-CD and theinclusion complex.

Data obtained showed that when the CHL-2HP-
-CD complex is formed the H-2 and H-4 have a
displacement through up field. In the other hand H-5,
H-6 and H-7 change by 0.111, 0.179 and 0.107ppm
respectively through low fieds, exhibiting vulnerability
anunshielded effect.

In 2-HP-B-CD, we found that when the compl ex
isformed, theH-5 of 2HP--CD exhibit achange by
0.093ppm, H-6 shifts 0.050ppm and H-7 has been
displaced in 0.142ppm, the three hydrogen show up
fidd effect, whichindicatesthat theseatoms participate
inanimportant interaction with CHL in the complex
formation, thesechangesin 3-CD lead usto conclude
that H-5 of 2-HP-B-CD interactswith H-6 and H-7 of
CHL, whereasH-7 could interact with H-7 of CHL. In
the *C experiment, we observed huge changesin all
thecarbonsof CHL, and C-9 overlapswiththe DM SO
signd at 39.5ppm and with the carbon atoms of 2-HP-
B-CD between 0.037 and 0.081ppm; these data
indicateamore complex interaction than that observed

——, @ Cromolecules
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TABLE1:*H NMR chemicalsshifts(ppm) of CHL, DM -B-CD (5) and CHL-DM BCD complex

Signal for CHL

Signal for DMBCD

Proton Proton
8 'H free CHL & 'H DMBCD-CHL complex A§ 5 'H freeDMBCD § '"H DMBCD-CHL complex A$

H1 2.372 2.361 -0.011 H1 4.961 4.974 0.013
H2 1.917 1.912 -0.005 H2 3.268 3.282 0.014
H3 2.587 2.584 -0.003 H3 3.920 3.933 0.013
H4 7.082 7.061 -0.001 H4 3.503 3.441 -0.062
H5 6.645 6.641 -0.004 H5 3.747 3.714 -0.033
H6 3.652 3.514 -0.135 H6 3.703 3.676 -0.027
H7 3.677 3.676 -0.001 H7 Me 3.39 3.406 0.012
H8 Me 3.628 3.639 0.011

OH 5.067 5.094 0.027

'H A8 = 'H & complex - 'H & free CHL or DMBCD

TABLE 2: 3C NM R chemicalsshifts(ppm) of CHL, DM -B-CD (8) and CHL -DM BCD complex. The last column on the right
sidesshow the chemical shiftsfor solid *C NM R for CHL and cyclodextrinewhen CHL-DM BCD complexisformed

Signal for CHL

Signal for DMBCD

Carbon 13 8 °C Carbon 13 8 °C
S DMp %’I‘ oL a9 e b Mcpfc;ge DMp ncqgf cHL A e

C1 33.812 33.812 0.000 32 C1 101.337 101.307 -0.030  99.105
c2 26.387 26.447 0.080 24 c2 83.546 83.516 -0.030
C3 33.236 32.994 -0.242 32 C3 73.181 73.181 0.000 72.089
Cc4 130.584 127.87 c4 82.061 82.031 -0.030
C5 129.705 129.735 0.030 C5 70.848 70.848 0.000
C6 112.308 112.278 -0.030 C6 70.302 70.302 0.000
Cc7 144.161 142 477 C7 Me 58.997 59.028 0.031 57.512
C8 53.663 53.633 -0.030 C8Me 60.331 50.331 0.000 57.512
Cc9 40.369 40.419 0.030 39.5

(C=0) 179.651 177.59 -2.061 172

13C A8 = *C & complex- *C & free CHL or DMBCD

with the CHL-DM-B-CD and CHL-TM-B-CD
complexes. Theresultsof the hydrogen chemica shifts
found in 2-HP-B-CD are similar to those found by
Loukas et al ™ between Riboflavin and 2-HP--CD
and those obtained by Vianna et al.l?y with
dexamethasone acetateinclusionin 2-HP-B-CD; Chao
et a.l*4 found that H-3 and H-5 of 2-HPBCD arethe
mogt affectedin theforming of theinclusion complex
with ciprofloxacin. Our resultsindicatethat thearometic
region of CHL isintroduced into the cavity of 2HP-[3-
CD. Inthe study, only H-5 was affected by the CHL
inclusion, InaNMR study conducted by Masson et
al.?, it is proposed that H-1 H-2 and H-3 of CHL
remain outsi de the Cyclodextrine cavity; our results
show that H-1 H-2 H-3 of CHL do not undergo
meaningful shifting, whichindi catesthat they gpparently

arelocalized outside of thecyclodextrin cavity.

TheNMR resultsfor CHL-2-HP-f-CD complex
show that CHL exhibitsmore changesandinteractions
between CHL and cyclodextrin, than observedin the
two complexesprevioudy described, thoseexperimentd
resultsaresummarizedin TABLE5and TABLE 6, and
arecorroborated usng HETCOR figure 10and ROESY
corrdationfigure 11.

Our results showed that H-1 H-2 H-3 of CHL do
not undergo meaningful shifting, whichindicatesthet they
areoutsidethe cyclodextrin cavity, the N-dichloroethyl
fraction being the region that is oriented toward the
interior of the cavities. Theresultsof NMR solid phase
werevery similar tothosefound inliquid phasethat is
why are not showed in this paper. However those
allowed usto confirm the formation of the complex
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TABLE 3: *HNM R chemicalsshifts(ppm) of CHL, TM-B-CD (8) and CHL -DM-B-CD complex

Signal for CHL

Signal for TMBCD

Proton §'H free 5 H

Proton  §'H free 8™H

CHL TMBCD-CHL complex TMBCD TMBCD-CHL complex AS

H1 2.372 2.364 -0.008 H1 5.121 5.135 0.014
H2 1917 1.915 -0.002 H2 3.18 3.196 0.016
H3 2.587 2.588 0.001 H3 3.819 3.833 0.014
H4 7.082 7.095 0.013 H4 3.608 3.626 0.018
H5 6.645 6.669 0.024 H5 3.451 3.555 0.104
H6 3.677 3.707 0.030 H6 3.776 3.79 0.014
H7 3.652 3.608 -0.044 H7Me  3.376 3.391 0.015

H8 Me  3.636 3.652 0.016

H8 Me  3.495 3.509 0.014

'H A8 ='H & complex - & free CHL or TM-B-CD

TABLE4: C NMR Chemicalsshifts(ppm) of CHL, TM-B-CD (8) and CHL -DM -B-CD complex. Thelast column on theright
showsthechemical shiftsfor solid *C NM R for CHL-DM BCD complex

Signal for CHL

Signal for DMBCD

Carbon 13 8 °C Carbon 13 8 °C
b DMCE;'FD)I' cHL 4 s 8Dl\/|cysfcrge DMCE;'FD)I' oL A s
C1 33.812 33.842 0.030 30.691 C1 96.943 98.943 0.000 97.939
c2 26.387 26.417 0.030 c2 82.001 82.001 0.000 81.03
C3 33.236 32.994 -0.242  30.691 C3 70.878 70.878 0.000
c4 130.584 127.87 c4 80.273 80.273 0.000
C5 129.705 129.735 0.030 127.87 C5 81.728 81.728 0.000 79.669
C6 112.308 112.520 0.212 109.8 C6 71.363 71.363 0.000 69.757
Cc7 144.161 142252  C7Me 58.937 58.937 0.000 58.095
C8 53.663 53.745 0.062 53.525 C8Me 61.422 61.452 0.030 59.845
Cc9 40.389 40.267 -0.122 41.38 CoMe 68.482 58.512 -030 55.374
Cc=0 179.651 177.772 -1.879  171.601

3C A8 = BC & complex- *C & free CHL or TM-B-CD
Studied.
IR-FT studies

The complexes were analyzed by FT-IR
spectroscopy, with a NICOLET magna 560
spectrometer with aresolution of 1 and asengtivity of
0.1 units, the FT-IR spectrum worked from 4000 to
400cm and it was achieved by KBr pellet. Figure 12
showsinfrared spectraof the studied systems, inwhich
wecan gppreciatethat CHL exhibitsan aosorption band
of 3000 to 2000cm* corresponding to (OH) of (-
COOQOH), anarrow and intense band at 1703cm for
the (C = O) group, and for the aromatic group (C =
C), aband at 1614cm™. Thebandsaremodifiedinthe
CHL-DM-B-CD, CHL-TM-B-CD and CHL-2-HP-
[3-CD complexes, the absorption band corresponding

to -COOH group seems to disappear in the three
complexes, whiletheband for -C = O group appears
show lessintensity at 1735, 1738 and 1710cm for
CHL-DM-B-CD, CHL-TM-B-CD and CHL-2-HP-
[3-CD respectively, and the (C = C) band appears at
1617, 1619 and 1618cm* for complexes CHL-DM-
B-CD, CHL-TM-B-CD and CHL-2-HP-B-CD, being
less narrow and lower intensethanin free CHL ; this
change in the CHL bands indicates the presence of
intramol ecular interactionsthrough hydrogen bridges
between thearomaticring of CHL whenit entersinto
the hydrophobic cavity of 3-CD when theinclusion
complexesareformed, these changesarenot observed
inthe study of physical mixture, smilar changeswere
observed by Bayomi et a.® intheinclusion complex
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TABLE 5: 'HNM R chemicalsshifts(ppm) of CHL , 2HP-B-CD (8) and CHL -2HP-B-CD complex

Signal for CHL

Signal for HPBCD

Proton §™H §H Proton & H §H
freeCHL  HPBCD-CHL complex free HPBCD HPBCD -CHL complex A5

H1 2.503 2.519 0.016 H1 5.031 5.061 0.030
H2 1.835 1.793 -0.042 H2 3.563 3.578 0.015
H3 2.290 2291 0.001 H3 3.919 3.931 0.012
H4 6.992 6.936 -0.056 H4 3.505 3.501 -0.004
H5 6.548 6.657 0111 H5 3.829 3.738 -0.093
H6 3.594 3.773 0.179 H6 3.889 3.839 -0.060
H7 3571 3.676 0.107  H7 3.756 3.614 -0.142

H8 3.964 3.962 -0.002

H9 1.100 1.104 0.004

H A8 ='H & complex- *H & free CHL or 2HP-B-CD

TABLE 6: *CNM R chemicalsshifts(ppm) of CHL, 2HP-B-CD (8) and CHL -2HP-B-CD complex. *C A3 =2C § complex-*C

8freeCHL or DMBCD
Signal for CHL Signal for HPBCD
Carbon  §3Cfree 8 °C NMRfor Carbon  §13Cfree 8 °C NMR for
CHL prgrzn[i)l'ngL A5 slids HPBCD prgrzn[i)l'ngL A5 slids
Cl 33.099 34.560 1.481 23111 Cl 109.358 103.449 0.051 99.882
c2 26.637 27.619 0.982 c2 82.582 82.627 0.045 79.809
C3 33.371 35.742 2.371 127.481 C3 74.603 74.566 0. 637
C4 129.69 136.090 6.400 127.481 C4 79.763 79.809 0.046
C5 129.326 132.150 2.822 C5 73.444 73.444 0 70.534
C6 111.905 123.545 11.940 142447 C6 51.552 61.506 0. (;76 58.575
C7 144.455 145.728 1.273 C7Me 78.460 78.506 0.048
C8 52.242 56.957 4,715 C8Me 88.145 68.064 0.(;81 64.703
C9 41.161 CO9Me 19.782 19.770 0.008 17.28
CcC=0 174.406 179.005 4597  173.9333

3C A3 = 3C & complex - *C 3 free CHL or 2HP--CD

TABLE 7: Electrophoretic migrationsof freechlorambucil and chlorambucil complexes

Sample Free CHL CHL-DM-B-CD complex CHL-2HP-B-CD complex CHL-TM-B-CD complex
gt (M? Vst  -1.56809E-07 -1.63857E-07 -1.61898E-07 -1.57896E-07
% SRD 1.929 1.846 1.869 1.916

of nifedipinewith BCD and by Wen et d.1¥ inthe study
of carvelidol-3CD complexes.
X-Ray crystallography analysis

Crystals were obtained for the CHL-TM-p-CD
complex whilefor CHL-DM-3-CD and CHL-2-HP-
[3-CD thisstudy cannot be applied because weobtained
apowder instead crystals, thereforethe conditionsfor
the X-ray diffraction werenot theoptimal.

Thestudy of the CHL-TM--CD complex by X-

Macromolecules

ray crystallography was conducted in the department
of Chemistry of CINVESTAV. Figure 13 showsthat
the region of the molecule corresponding to the
dichloroethyl-N-phenyl isintroduced in the cavity of
TM-B-CD, whiletheregion of thebutanoicacidremains
outsidethe cyclodextrin. Theimages displayed were
obtained with the program Mercury version 1.4.129,
Thestructure obtained from the X -ray crystallography
study was deposited inthe Cambridge Crystalographic
database under registration number: CCDC 267560,
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Figure1l: ROESY experimentsof CHL-2-HP-$-CD of inclu-
sion complexin CD,0D

Figurel3: Structureof theCHL-TM BCD complex inclusion
obtained by X-ray crystallography: lateral view of inclusion
complex in two per spectivesrespecting to chlorambucil (A,
B); superior view of complex (C)

under the name of: 4-[4-(bis(2-chloroethylamino)
phenyl] butanoic acid-2,3,6-tri-O-methyl cyclohepta-
amylosecomplex, themolecular formulaof thereported
structureis: C,,H,, Cl, N, O

77 7131 137

Capillary electrophoresis

The obtained results by the technique of capillary
electrophoresis for the migration of the inclusion
complexesand freechlorambucil areshownin TABLE
7. Theresultsobserved on thetable, makeevident the
presencein solution of theinclusion complexes, since
their effective mobilities are different that free

—= Pyl| Peper

Free CHL " .
VM

|V g V>

v

Da-pLn . g v % R,

Physical mixure - T
CHL | DM£-CD e \ VW

Complex
CHL-DM-$-CD / \ VY

T™ALD . —_—

Transmittance %

Gomplex
CHL-TM-$-CD b | \. n TR

2HPp-CD
Compiex
CHL-2HP-§-CD 2 A
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Wavenumber cm

Figurel2: FT-IR spectraof CHL , DM BCD, physical mixture
CHL/DM BCD, complex CHL-DMBCD, TM-B-CD, complex
CHL-TMBCD, 2-HP-BCD and complex CHL-2-HP-B-CD
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Figure14: Experimental singlerun electr opherogramsof 1)
Freechlorambucil (CHL), 1) CHL-DM -B-CD complex, III)
CHL-2-HP-g-CD complex and I'V) CHL-TM-B-CD complex.
Theasterisk symbol (*) representsthe electrosmotic flow
(EOF) mar ker. Experimental conditions20mM tetraborate
buffer pH =9.2, 20kV applied voltage, hydrodynamicinjec-
tion 0.5 psi 5 seconds

chlorambucil (ANOVA test o. = 0.05). Besides, itis
very know that Chlorambuci| hasnot gability in aqueous
solution duetoit degradation by hydrolysisistofastin
practically all the pH range, but specially in high pH
values®, In previous studies®**! it was demonstrated
themonohydroxyl and dihydroxyl degradation products,
considering those studies and data obtained by our
group studying the degradation of chlorambucil by
capillary electrophoresig®, it isobserved that thisdrug
isvery unstableand practically at timeQOit beganto be
hydrolysing. That is why we decided to achieve the
capillary electrophoresisrunsall the complexesbut not
the Chlorambucil after 12 hoursto bedissolvedinthe

——,  \l@CrOmMolecules
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agueous solution.

Specific pesksfor every oneof the mol eculestested
inthisstudy are showninfigure 14. Showed pesksare
Free Chlorambucil (Figure7 peak A), and theformed
complexes CHL-DM-B-CD, CHL-2-HP--CD and
CHL-TM-B-CD (Figure 7 peak B, C and D
respectively). Is necessary to point the presence of
residua free Chlorambucil or hydrolysis product
(cons dering that the experimentswere achieved after
12 hoursof the preparation of agueous sol utions) peak
named A inthe electropherogram I1 of thefigure 14,
thisfinding provesthe co-existence of both free CHL
or degradation product and CHL-DM-3-CD species
in solution. In recent and preliminary studies we
observed that the three complexesin study have an
important stability in agueous sol utionsin comparison
whit agueoussolution of Chlorambucil whichisungable
and form degradation compounds rapidly. Actually
Sudiesof gability of free CHL and CHL-Cycdlodextrines
inagueous sol utionswere conducted in order to obtain
solid evidence about thelong term existence of those
complexes, athough theinformation obtained so far
indicate that the stability in agueous solutions of
Chlorambucil indgdethe cyclodextinsisbigger thanfree
chlorambudil.

CONCLUSIONS

TheNMR experimentsalowed usto determinethe
interactionsthat occur when chlorambucil isintroduced
inthecydodextrin cavity forming theindusion complex,
it wasfound that H-5in thethree 3-CD interactswith
H-6 and H-7 of CHL, thesedatawere shown by the X -
ray crystallography study whereit can be observed that
thedichloroethyl-N-phenyl region of CHL isintroduced
in the CD cavity, and the described information is
confirmed. FT-IR studiesdemonstrate displacement and
achange in the form of the absorption bands, which
indicatesinteraction with cyclodextrin, isnecessary to
point that those remarkabl e changeswere not observed
inthe physica mixtureof CHL and Cyclodextrines. In
theother hand thecapillary e ectrophoresisexperiments
demonstrated the presence of complexesin agueous
systems, evidenangoneof themost important advantages
of inclus oncomplexesasaternativefor thosedrugswith
low solubility or stability in aqueous solutions.
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