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ABSTRACT
“Prodrugs Approach” is a versatile approach in mvthe problems associated with drug
molecules. Ampicillin drug has some side effects mbsorption, toxicity, distribution,
instability, formulation etc. These side effecta @& reduced by “Prodrugs Approach”. In the
present research work a new carbohydrate derivaifvé&N-ampicillin was prepared by
reacting the appropriate 1-chloro-diacetone frueteith protected ampicillin anhydrous to
obtain a new ampicillin amino derivative as possiptodrug , that has more water—solubility
than parent drug make to reduce the dose givemtierpp and reduced the dugs side effect .
The synthesized compounds were identified using, VIR and 1H-NMR spectra and it
was equal to expected. The synthesized compoundtesied for their antifungal and
antibacterial activities in vitro. However, detal&inetic studies of chemical and potential
enzyme hydrolysis still remain to be done.
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1. INTRODUCTION

Ampicillin (1) is the second most used penicilh medical practice of antibiotics since it
is active versus Grampositive and Gram negatimacterid3, acid resistant because of NH
groug®, nontoxic and sensitive to penicillinas&lso causes diarrhea because of the poor
absorption through the gut wall. This problem corfresn the dipolar nature of ampicillin
molecule since it has both a free amino group arick@ carboxylic acid functiof. This
problem can be alleviated by using a prodrug incivlune of the polar groups is masked with
a protecting group. This group is removed metabtioonce the prodrug has been absorbed

through the gut wal’
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A considerable number of ampicillin prodrugs haeerb developed by converting of
carboxylic acid to their ester derivatives to irage water-solubility,chemical stability,
improved pharmacokinetics and reduce side effétt®\mino derivatives of ampicillin had
proved to be useful prodrugd® Carbohydrate drug conjugates connected by patbnti
metabolisable sacrificial linkages have high pa#ntutility as prodrugs in which glycan
moiety affords both protection and specific traorsgroperties! It is known that some
carbohydrate-drug derivatives have the actifity When a drug is orally administered,
solubilization in the drug is essential for biodahility because only the dissolved drug can
be absorbed therefore, the solubility of a drug directly affedts clinical applicatioff.
Ampicillin solubility increases with the pH. Thigbavior can be explained by its determined
values of the acid group pK (2.66) and amine gnoki7.24) and calculated of its isoelectric
point (4.95). Hence, above the pH correspondenitstasoelectric point the number of
ampicillin molecules with a neutral charge (whichthe most insoluble form) decreases
leading to higher solubility values. Thiffect becomes more important for pH above 7.0. In
the light of these results, the present work iseainto develop carbamate-linked sugars
(fructose) because this linkage is stable in agsiesmiution, and could be hydrolyzed by
glycosidased and no other toxic groups are released from thkatie portion of the
molecule. Also the solubility of the new derivativeas expected to be more than free
ampicillin. All synthesized compounds have beenrattgrized on the basis of their m.p,
U.V, FTIR and'H-NMR.

2. MATERIAL AND METHODS

Materials:

For anhydrous reaction, glass ware was dried oigit rin an oven at 12€ and kept
in a desicator over anhydrous CaS® silicagel. Reagents were purchased from Fluca
Sigma (st. Louis.USA) .Solvents including dichlomttman, chloroform, carbon tetrchloride
and hexanes were distilled over GaHnder nitrogen. Absolute methanol and ethanol
were purchased from Merck (Germany) and used @sved. Ampicillin anhydrous was
supplied from Samarra drug industries. Samarray ,Irdhe purity of this compound is
checked according to m.p, and Meric index. Mglfooints were recorded using Gallinkamp
electro thermal apparatus and were uncorrectedC)Tas performed on glass plates coated
with 0.25mm layer of silica gel to follow chemicatactions. Purity of the prepared
compounds was checked by TLC — plated, 20x20 crsilef gel 60 F250 with 0.25 mm
thickness, Merck, Germany. Chromatograms were @loyeAceticacid: Water:n-butanol. The
chromatographic spots were detected by a reactitim iadine vapor, or 2.5% phospho-
molybic acid in ethanol with heating. Purificatimm Silicagel refers to gravity column
chromatography on Merck Silicagel 60 (particalees280-400 mesh). Infrared spectra (IR)
were recorded using FTIR-8400S- shimadzu speattopieter using KBr disk. Ultraviolet—
Visible spectra were recorded using 402 U.V spgtiotometer, and ethanol water solution
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was used as a solvent. H-NMR spectra were recaydeddBrucker 400 MHz spectrometer in
CDCls.
General methods for the compounds synthesis

Syntheses of 2,3:4,5-di-O-isopropyl- idine-S-D-fructopyranos (8)
Compound (8) was prepared accordingieviously published procedufe.

Syntheses of 1-chloro-2,3:4,5-di-O-isoprop- ylidine-3-D-fructopyranose (9)

Compound (8) was refluxed with anhydrazegbon tetrachloride (C@l in the
presence of triphnyl phosphen ¢Ph at 76C for 90 hr.s. triphnyl phosphen oxide was
separated from the mixture after 10 hrs the costddtion was filtered through kieselguhr
evaporation under reduced pressure and purificadifothe residue by using of column
chromate-graphy (EtOAc) afforded (9). FTIR (KBr¢m(2983), (C-H str), (1250-1050 C-
O-C str) ,(650 C-Cl):H-NMR & 1.55ppm,H aliph.) ,UV:Amax) 249 .The H-NMR spectra is
shown in fig.1
The Synthises of N-(diacetone fructose) ampicillin (10).
carboxylic acid of ampicillin (1) waproteced with (C2Hs)3SiCl to triethylsilyl ester then
stirring with 1-chloro-2,3:4,5-di-O-isopropylidinguctopyranose (9) in the presence of
Et3N in CH3CN for 5.rs.at 2%9C to produce ampicillin derivative (10) in 35yield .
FTIR (KBr cntl): 3305 (N-H), 3056 (C-H arm. str),2975 (C-H alp. str),1774 (C=0. str)
165QC=0 str. Amide}165QC=0 str. lactam ring):H-NMR : (3 ppm) 1.35(H aliphatig, 7-
7.6 (H aromatic). UV: ( Amax) 234 and 321The HNMR spectra is shown irfig.2

Synthises of N-( fructose) ampicillin (7)

Compound (10) wadissolvedin (10 ml) of chloroform then stireavith 0.5 N (HCI) for 10
hrs. at 25 Cto produceN-(fructose) ampicillin (7)FTIR (KBr cnt?): 3380(0O-H str ),3320

(N-H str), 1670 (C=Ostr amide ),1692(C=0 str. lactaing).H-NMR:( & ppm)1.35(H

aliphatic), /8.1 (H aromatic). UV: ( Amax) 230 and 35. The HNMR and FFIR spectra are
shown in fig. (3,4) .

3. RESULTSAND DISCUSSIONS

Some of ampicillin amino derivative prodrugs hawitaotic activity. In the light of
these results, the research was aimed to syntkesadohydrate compound that has an
ampicillin side chain to evaluate their antibiotctivities also the sugar may increase
ampicillin solubility also has no any toxic effedter releasing. In the first step, acetalation of
[-D-fructose to 2,3:4,5-di-iso- propylidefD-fructopyranos(8) to protect the hydroxyl
groups at C-2,-3,-4and-5 leaving the hydroxyl graipC-1 free, then converted to halo
fructopyranose derivative (9). The carboxylic a@tl ampicillin(1) was protected with
(CoHs)sSICI to its triethylsilyl ester could be reactedfedp with a halo fructopyranose
derivative. The synthesis of these compounds wagdaout according to the steps outlined
in scheme (1). The physical properties and spems data are given in table (1) (Zhe
following compounds were synthesized: (7),(8), 48y (10). All compounds except (8) are
new compounds. Compound (8) was previously syrtbds?. Therefore, its spectroscopic
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data are reported here, together with the datahfernew compounds. The purity of the
synthesized compounds was checked by performing. @ structures of the synthesized
compounds were determined on the basis of theilRFU.V and'H-NMR.The physical
properties and the spectroscopic data are giveabie (1) and (2).

FTIR studies.- In the FTIR spectra of derivatives (9) showeshgpearance of (O-H)
absorption bands and appeared bands at 650fomC-Cl group .Compound (10) showed
disappearance of (N-H) andv (O-H) of carboxylic acid absorption bands and skadw
absorption bands at 1774 ¢nfor C=0 of ester group .The deprotection of commuby(10)
show broad band at 3380 dnfor O-H group as shown in fig. (4). This and othHBr
absorptions are given in table (2).

UV-Vis studies.- UV-Vis spectra of the compounds were measureDMF using
102 and 10*M, for compound 8 and 9 showed very strong bands2&1 nm ) and (249
nm).This absorption due to#d* transition, for ampicillin derivatives (10 ang ghowed
two very strong bands at (234 nm, 321) and (23B&mnm) this absorption due te~t*
and Tt —Tt* transition as seen in table (2) . H-NMR studies.- *H-NMR
spectra of compound (9) showed signald=a{1.55) ppm belong to aliphatic, compound (10)
show different types of signals betwe®(0.7) ppm tod=(1.55) ppm for aliphatic, protons at
0=(7.01-7.11) ppm for aromatic, compound (7) show thisappeared signals of protected
group protons, and showed signad=<{f.0.5) ppm for carboxylic acid as seen in fig.(3).
Solubility studies.- the solubility study of the ampicilliderivative (7) was determined as
Gude et al?® using different types of solvents improve theréasing solubility than free
ampicillin.
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Scheme 1. Synthesis of compound (7,8,9,10)

i) (PhXP ,CCh, 90 hr, 76C ii) (CzHs)sSiCl , 3 hs, iii) CHsCN, E&N 5.h, iv) HCI, 10 hr,

25°0C .
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Table(1): The Physical data of compounds (7-10).

Color Melting
Com. No. Molecular Points °C Yidd Ry
formula Found Reported % val
uo
8 C12H2006 Yellow 96 97 66 0.8
9 C12H1905CI Yellow 140 - 82 0.7
10 C30H4109N3SSi Brown oil - 35 0.6
7 C22H2909N3S  White 95 - 50 0.65
Ampicillin C16H1904N3S White - 191 - 0.9
Table(2): The spectroscopic data of [7-10].
FTIR spectral data IH-NMR spectral data PNiree
comp. cm?t Ppm (nm)
No. ""y(OH) VW(CH) wCOC) &H) 8(H)

8 Alcohol aliph. acetyl . Arom. aliph.

3311 2983 1250 - - - 291
v(C-H) v(C-Cl) v(C-0O-C) o(H) o(H) o(H)

9 aliph. Acetyl Arom. aliph. H-C-CI 249

2983 650 1250 - 1.55 3.06

v( N-H) v(C-H)  v(C=0) o(H) o(H) o(H)
10 Amine arom. Ester Arom. aliph. lactam 234
3305 3056 1774 7-76  0.9-1.35 6.09 321

v(O-H) V(N-H)  v(C=0) o(H) o(H) o(H)

7 amine Acid arom. aliph. Acid 230
3380 3320 1692 7-8.1 1.35 10.5 325
Table(3): The solubility of compound [7] compareto ampicillin .

comp. Water Ethanol Acetone Chloroform  Ether DMF
No.
7 Soluble  Soluble  Soluble Soluble Soluble  Soluble

Ampicillin  insoluble insoluble insoluble Insoluble Insoluble Soluble
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Fig. (2) H-NMR spectra of compound (10)
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Fig. (3) H-NMR spectra of compound ( 7)

Fig. (4) FT-IR spectra of compound (7)

68



Kerbala journal of pharmaceutical sciences.No.(9) 2015 (9) 2=l d¥anall o slall 3 S dlas

REFERENCES

[1] R. A. Sheldon, F. van Rantwijk, L. M. van Langen, M Wegman, L. Cao, and M. H. A.
Janssen, “Biocatalysis andbiocatalysis in the sgithoff-lactam antibiotics,” irBynthesis of
S-Lactam Antibiotics. Chemistry, Biocatalysis Process Integration, A. Bruggink and P. D.
Roy, Eds., pp. 102-149, Kluwer Academic Publish&wstdrecht, The Netherlands, 2001.
[2] A.Pessina,P.L" uthi, P. L. Luisi, J. Prenosil, ahe5. Zhang, (198 mide-bond syntheses
catalyzed by penicillin acylase, Helvetica Chimica Acta,71(3) pp.631-641
[3] S.Ospina, E. Barzana, O. T. Ram’irez, and A. lZdgangu’ia, (1996) fect of pH in
the synthesis of ampicillin by penicillin acylaggzyme and Microbial Technology, 19(6),
pp. 462—-469.

[4]D.Lednicer, (1980Y he organic chemistry of drug synthesis’, 2, p.98.

[5] G.L.Patrick "an introduction to medicinal chemy&®92004,Chapter
(14)Antibacterialagents p.375.

[6] Qizhenz, Y. et al "Synthesis and evolution obeanate produrgsMedicinal chemistry
letters (2009).

[7] Rautio. J., Kumpulainen. H., Heimbach.T. , OliyRi, Oh. D., Jrvinen. T., Savolainen. J.
,(2008)Prodrugs: design and clinical applicatiblaure Reviews Drug Discovery. 7: 255—
270.

[8] R. Bartzatt and C. Maleg2002)Analysis of an ampicillin propyl ester progrwhich
inhibits the growth oEscherichia coli’ Biotechnol. Appl. Biochem. 36, 89-93

[9] H. Chanteux, F. Van Bambeke, M. M. Leclercq, andMP.Tulkens, (2005)Anti. and
Chemo. 49, 1279-1288.
[10] H. Lode, ( 2001 ) Inter. J. Antimicrob. Agen., 18,:199-209.
[11]H.Chanteux,M.P.M.Leclercq,E.Sonveaux,F.V.Bambeked a®.M.Tulkens,(2003) J.
Antimicr obial Chemo. 52,:610-615.

[12] H. Bundgaard and U. Klixbull,(198B)ternational J. pharmaceutics 27,:175-183.
[13] W. J. Jusko, and G. P. Lewis, (1933Pharma. Sci., 62,: 96-79.

[14M.A.  Schwart and W. L. Hayton, ,(1972) J.Pharm.Sci., 61:906.
[15]G.HHakimelahi, K.S.Shia, C.Xue, S.Hakimelahi,A.Aa%ahedi,
A.A.Saboury,a.k.Nezhad, M.N. S.Rad, V.O syetroR,KVang, ,(2002)J.Bioorg .Midic.
T.H. Liao and F.T. LUO,

chem.10:3489-98.

[16] J.H.Billman,W.F.Harting, ,(1948).Am Chem.Soc.70:1473.cited by A. K.AL-Sharrad,
MSc.,thesis university of Bagdad, 2004.

[17] M.A.Robincon, S.T.Chariton, P. Carnier , X . Wan§. S. Davic, A. C. Perkins, M.
Frier, R. Doncan,T.J.Savage,D.A.Wyatt,S.A.Watsond &. G. Dives,(2004) PNAS,
10:14527- 14532.

[18]N.A.AL-Masoudi.l.A.AL- Masoudi,l.A.L.Ali, Y. A. AL-Soud, B. Saeed, P. LA colla
(2006),Acta Pharm. 6, : 175-188.

[19](a)M.E.Kuehne, (1959).Am.Chem. Soc.,81, 5400; (b) K. Taguchi, F. H. Westheinder,
Org. Chem., (1971) 36, 1570.

[20]F.Texier-Boullet, (1985) Synthesis, 679.

[21] D. Graaf, M. Pinedo, H. Quadir, R. Haisma, H. Hré&g (2003)J.Biochem.Phar macaol.
65, 875.

[22] D. J. Bell, (1947). Am. Chem. Soc.:1461.

[23] M. T. Gude, H. H. J. Meuwissen, L. A. M. van deielgn, and K.Ch . A.M.Luyben
(1996)Industrial & Engineering Chemistry Research, , 35(12) 4700-4712,.

69



