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LIPOPHILIC CHARACTER OF NOVEL
AMINO ACID DERIVATIVES OF
ZIDOVUDINE WITH ANTI HIV ACTIVITY

Guillermo N. Moroni, Mario A. Quevedo,
Soledad Ravetti, and Margarita C. Briiion®

Departamento de Farmacia, Facultad de Ciencias
Quimicas, Universidad Nacional de Coérdoba,
Ciudad Universitaria, 5000 Cérdoba, Argentina

ABSTRACT

The lipophilic properties of a novel series of zidovudine amino
acid derivatives were measured using chromatographic tech-
niques, reversed-phase thin layer chromatography (RP-TLC)
and reversed-phase high performance liquid chromatography
(RP-HPLC), as well as the classic shake flask (log P,,y)
and theoretical CLOGP methods. These novel derivatives,
obtained by association of zidovudine (AZT) with the essen-
tial amino acids leucine (AZT-Leu), isoleucine (AZT-iLeu),
phenylalanine (AZT-Phe), valine (AZT-Val), proline (AZT-Prol)
and tryptophane (AZT-Tryp), exhibited an increased log P,y
as compared with the parent compound as follows:
AZT-iLeu > AZT-Leu > AZT-Tryp > AZT-Val > AZT-Phe > AZT-
Prol > AZT > Thym. All assays were performed using a buffer,
pH 2, as mobile phase, at which the mentioned compounds were
completely as their non-ionized forms. In addition, good linear
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1346 MORONI ET AL.

relationships were observed between log P values determined by
the shake flask method (log P, ), and those obtained by chro-
matographic techniques (log Prpric and log Prp.pprc) and
from theoretical calculations using the CLOGP program (log
Pcroge). These results demonstrate the applicability of the chro-
matographic methods to describe the lipophilic properties of this
family of compounds.

Key Words: Zidovudine derivatives; Lipophilic parameters; Anti
HIV drugs

INTRODUCTION

The pharmacokinetics of drugs, as well as their capabilities of access to the
receptor sites, are strongly dependent upon their interaction with biological
membranes. Molecular hydrophobicity is assumed to be one of the driving forces of
passive diffusion through biological membranes determined by the n-octanol /water
partition coefficient, which is widely employed for structure-activity studies (i.e.,
the logarithm of partition coefficient, log P). Alternatively, other lipophilic
parameters used in drug design include theoretical calculations (CLOGP),
chromatographic capacity factors determined by reversed-phase high performance
liquid chromatography (RP-HPLC) and chromatographic hydrophobic constants
determined by reversed-phase thin layer chromatography (RP-TLC).")

Although the partition coefficient obtained by the shake flash method,'
considered as a reference system and frequently used as its logarithm form log
P, /w, is the most common index of lipophilicity correlating molecular structure
and biological response;**! however, its applicability in new drug design is
limited by several drawbacks.”! Therefore, some alternative methods to obtain
related lipophilic parameters have been established. These methods encompass
reversed-phase chromatography, including thin layer chromatography (RP-
TLC),'* " and high performance liquid chromatography (RP-HPLC).!'*"']
The parameters obtained from these last methods are the Chromatographic
Hydrophobic Constant (Ry;) and the Capacity Factor (log k'), respectively.

Regarding efficient anti HIV-1 agents, we have recently developed novel
zidovudine derivatives exhibiting interesting anti HIV and bactericidal activity, as
well as a diminished cytotoxicity compared to AZT.['® ' In this way, the purpose of
this paper was to establish a relationship between log P, ,, values of some novel
zidovudine derivatives obtained by molecular association with essential amino acids
and measured by the conventional shake flask method, with the chromatographic
parameters obtained by RP-HPLC and RP-TLC. Also, a comparison with the log
P, w, calculated using a CLOGP computer program, is included.!'”!
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AMINO ACID DERIVATIVES OF ZIDOVUDINE 1347
EXPERIMENTAL

Chemicals

Thymidine (Thym, 1) and Zidovudine (3’-azido-3’'-deoxythymidine, AZT,
2a) were generous gifts of Filaxis (Buenos Aires, Argentina). Compounds
AZT-Leu (3'-azido-3'-deoxy-5'-O-oxalyl-N-leucinethymidine, 3), AZT-iLeu (3’
-azido-3’-deoxy-5'-0-oxalyl-N-isoleucinethymidine, 4), AZT-Phe (3’-azido-3'-
deoxy-5'-O-oxalyl-N-phenylalaninethymidine, 5), AZT-Val (3’-azido-3’-deoxy-
5’-O-oxalyl-N-valinethymidine, 6), as well as the novel ones: AZT-Tryp (3’-azido-
3’-deoxy-5'-O-oxalyl-N-tryptophanthymidine, 7) and AZT-Prol (3’-azido-3'-
deoxy-5’-0-oxalyl-N-prolinethymidine, 8) were prepared as previously reported
methodology.!'®! The structures of assayed compounds are shown in Table 1.

HPLC grade methanol was purchased from the J. T. Baker Company. Water
was obtained from a Milli-Q water system. All solutions used for HPLC assays
were filtered through filter membranes of 0.45 pm pore size from Millipore Co.
Inc. All other chemical compounds and solvents, if not indicated, were of
analytical grade. Buffer, pH2, was prepared with citric acid and sodium

Table 1 Chemical Structure of Studied Zidovudine Derivatives

N N 0

R{ Ng
Compound R
1, Thym R;=R,=0H
2a, AZT R;=N3; R,=0H
2b, AZT-Ox R;=Cl
3, AZT-Leu R3; =NH-CH(COOH)CH—CH(CHj3),
4, AZT-iLeu R3; =NH-CH(COOH)CH(CH;)CH,C
5, AZT-Phe R; =NH—-CH(COOH)CH,C¢Hs
6, AZT-Val R3; =NH—-CH(COOH)CH(CHs;),
7, AZT-Tryp R3 =NH—-CH(COOH)CH,CgHgN
8, AZT-Prol R3 = NC4H7COOH
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monoacid phosphate (citric acid: 91%, sodium monoacid phosphate: 9%) in Milli
Q water.

General Synthetic Procedure for AZT Derivatives

The general procedure for the novel compounds 7 and 8, was straight-
forward, as previously reported for 3-6,1'8] that is to say by the association of the
5’-OH of zidovudine, 2a, with the essential amino acids (tryptophan and proline).
The first step was the reaction of 2a with oxalyl chloride, obtaining 3’-azido-3'-
deoxy-5'-O-oxalylthymidine chloride (AZT-Ox, 2b) in quantitative yields as
previously reported.!'® Then, to a suspension of sodium amino acid salt (3 mmol)
in dry THF (15mL), a solution of 2b (1.5 mmol) in dry THF (5 mL) was added
drop wise while stirring at room temperature for 2 h revealing, by TLC assay
(ethyl acetate-acetone-glacial acetic acid, 10:6:0.1), the absence of 2b. The
remaining amino acid salt was removed by filtration and the solution was then
concentrated to dryness, under reduced pressure, at temperatures below 40°C to
obtain the desired compounds (7 and 8) with yields of 85-95%. Products were
precipitated from acetyl acetate (minimum volume) by addition of cool hexane.
The solid residue was washed with a cool solution of HCI (0.5M) and dried
under reduced pressure. Spectroscopic data are in accordance with the proposed
structures.

3/-Azido-3'-deoxy-5'-0-oxalyl-N-prolinethymidine (AZT-Pro, 7). "H NMR
(DMSO-dg) 6 1.78 [s, 3 H, CH;], 1.76 [m, J=6.94, 2 H, CH,-5"], 1.89
[m, J=6.94, 2 H, CH»-6"], 2.29 [m, J=6.94, 1 H, H-2;], 2.36 [m, J=6.58,
1 H, H-2], 3.60 [dd, J=4.68, 2H, CH,-7"], 3.60 [t, J=6.94, 1H,
NHCH(COOH)CH,], 4.12 [m, J=4.02, 1 H, H-4'], 442 [dd, /J=10.60, 2 H,
H-5'1,4.51[m,J=4.02, 1 H, H-3'],6.18 [t,/=6.58, 1 H, H-1'],7.52 [s, 1 H, H-6],
6.87 [s, 1 H, COOH], 11.32 [s, 1 H, NH-base]; *C NMR (DMSO-dy), 11.93
[CH;3-base], 30.39 [-NCHCH,CH,CH,—], 30.82 [-NCHCH,CH,CH,—], 35.67
[CH,-2'], 47.61 [-NCHCH,CH,CH,—], 58.66 [-NCHCH,CH,CH,—], 60.52
[CH-3"], 65.29 [CH,-5"], 80.39 [CH-4'], 83.49 [CH-1"], 110.14 [C-5], 135.69 [CH-
6], 150.41 [CO-2], 158.66 [AZT-OC(O)C(O)-], 160.54 [AZT-OC(O)C(O)-],
163.62 [CO-4], 173.18 [COOH]. Apax(water)/nm 206.4 and 265.0; vy
(KBr/cm™) 3338.0 (NH-base); 3068.2 (OH acid); 2110.9 (N5); 1673.0 (CO).

3’-Azido-3’-deoxy-5'-O-oxalyl-N-tryptophanethymidine (AZT-Tryp, 8).
'"H NMR (DMSO-dg) 6 1.78 [s, 3 H, CH;], 2.28 [m, J=6.94, 1 H, H-2{],
2.37 [m, J=6.58, 1 H, H-2,], 3.25 [t, J=4.38, 2 H, CH,-5"], 4.11 [m, J=4.02,
1 H, H-4'], 4.36 [dd, J=8.77, 2 H, H-5'], 4.43 [t, J=4.38, 1 H, NHCH(COOH)
CH,—],4.51 [m, J=4.38, 1 H, H-3'],6.18 [t, J=6.58, 1 H, H-1'], 7.52 [s, 1 H,
H-6], 6.87 [s, 1 H, COOH], 11.32 [s, 1 H, NH-base]; '*C NMR (DMSO-dg),
11.93 [CH3-base], 30.39 [-NCHCH,CH,CH,—1], 30.82 [-NCHCH,CH,-CH,—],
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35.67 [CH,-2'], 47.61 [-NCHCH,CH,CH,—], 58.66 [-NCHCH,CH,CH,—],
60.52 [CH-3'], 65.29 [CH,-5'], 80.39 [CH-4'], 83.49 [CH-1'], 110.14 [C-5],
135.69 [CH-6], 150.41 [CO-2], 158.66 [AZT-OC(O)C(0)—], 160.54 [AZT-
OC(0)C(0)—], 163.62 [CO-4], 173.18 [COOH]. Apax.(water)/nm 217.8 and
268.2; Vimax (KBr/em™) 3339.2 (NH-base); 3058.0 (OH acid); 2116.0 (N3);
1698.4 (CO); 1545.7 (NH-amino acid).

Rym Assay

Based on the high stability over a wide range of mobile phases observed in a
previous work,?Y RP-18 HPTLC F,s4s, 5 x 10cm precoated TLC plates, purchased
from Merck (Darmstadt, Germany) were used for the determination of the chro-
matographic hydrophobic constant. Drugs 1, 2a, 3—8 were dissolved in an appropriate
volume of methanol, in which they appeared to be stable to hydrolysis, reaching a final
concentration of 1 mg/mL. A 50 pL aliquot of these solutions was spotted onto the
plates according to the following distances: 10 mm from the bottom edge of the plate
and at least 10 mm from the side of the plate, with 5 mm in between spots.

In order to determine the thermodynamically true solvent front position,
a solution of potassium iodide was used as marker, and was prepared by dissolving
50 mg of drug in 10 mL of a water—ethanol mixture (25 : 75, v/v). A 50 uL aliquot of
the marker solution was spotted onto the plate in several positions to determine the
thermodynamically true solvent front line. Mixtures of acetone—buffer, pH 2, were
used as developing solvent with an acetone content between 40% and 80% (v/v) in
10% increments. Finally, plates were dried at 40°C in an oven and developed with
UV radiation. In order to obtain the chromatographic hydrophobic constant values
from the measured distances, we used the following equation,®

Ry = 8log[(1/Rf) — 1]

[20,21]

log k' Assay

The HPLC measurements were assayed on a Spectra System P2000
chromatograph, using a UV detector at =267 nm equipped with an Alltech,
Allsphere column, ODS-1 5 p particle diameter, 250 mm length, 4.6 mm internal
diameter, packed with a C;g (octadecyl silane) chemically bonded non-polar
stationary phase. Data were acquired by means of a Peak Simple Chromatography
Data System.™ Methanol-buffer, pH 2, mixtures were used as mobile phase, with
methanol content between 40% and 80% (v/v) at a flow-rate of 1 mL/min. 1, 2a,
3-8 drug solutions were prepared following the same procedure as indicated for
the Ry determinations and were injected into the column by means of a 20 uL
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loop. Experiments were performed at room temperature. From the equation
K = (tg — to)/to,[1* ! (being tg the retention time of the solute and t, the hold-up
time defined as the retention time of a non-retained compound (MeOH)), the
capacity factors (k') were calculated.

Shake Flask Octanol-Water Partition Coefficients

The n-octanol-buffer, pH 2, partition coefficients of 3-8 were measured by
means of the shake flask method,' applying the equations previously reported:'*"!

P e AN 7}
4, Al — A}

where A’w Af) and A{v, Aﬂ represent the absorbance at 267.0nm for each
compound in the aqueous phase (w) and the organic phase (o), before (i) and after
(f) distribution, respectively.

In all cases, the absorbance values were assayed with a Shimadzu UV-260
(UV /visible recording spectrophotometer).

Statistics

All statistical procedures were run with STATISTICA for Windows R.4.5.
Deviations are given as 95% confidence intervals.

RESULTS AND DISCUSSION
Reversed-Phase Thin Layer Chromatography (RP-TLC)

The chromatographic value Ry, is widely used to describe the lipophilic
property of a molecule.?>**! Equations (1-8) describe the linear relationships
between Ry, values and acetone modifier concentrations for compounds 1, 2a,
3-8, whose graphic representations are shown in Figure 1.

Ry (Thym, 1) = —0.016 (£0.001) %Me,CO — 0.303 (£0.065)
n=2>5; r=0.999; s=0.010; F =2342.95 (1)

Ry (AZT, 2a) = —0.021 (£0.003) %Me,CO + 0.724 (£0.246)
n=>5; r=0.994; s=0.040; F=276.10 2)
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3
2.5 o Thym, 1
0L AZT, 2a
2 “O. AZT-Leu,3
1.5 oL AZT-iLeu, 4
A AZT-Phe, 5
1 "W AZI-Val,6
A AZT-Tryp, 7
& 05 ~e_ AZT-Prol, 8
0 *
0.5
-1
-1.5
2
0 10 20 30 40 50 60 70 80 90

% Acetone

Figure 1. Relationship between Ry, values and acetone concentrations in the mobile
phase for the selected derivatives.

Ry (AZT-Leu, 3) = —0.047 (£0.009) %Me,CO + 2.869 (£0.655)
n=2>5; r=0.992; s=0.106; F=199.79 (3)

Ry (AZT-iLeu, 4) = —0.045 (£0.006) %Me,CO + 2.632 (£0.388)
n=35; r=0.997;, s=0.063; F=515.16 4)

Ry (AZT-Phe, 5) = —0.045 (£0.009) %Me,CO + 2.697 (£0.572)
n=2>5; r=0.994; s=0.092; F=240.70 (5)

Ry (AZT-Val, 6) = —0.037 (£0.003) %Me,CO + 2.005 (0.254)
n=>5; r=0.998; s=0.041; F=830.27 (6)

Ry (AZT-Tryp, 7) = —0.046 (£0.009) %Me,CO + 2.669 (£0.648)
n=>5 r=0.992; s=0.104; F=195.99 (7)
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Ry(AZT-Prol, 8) = —0.029 (£0.006) %Me,CO + 1.298 (£0.477)
n=35; r=0989; s=0.077; F =138.62 (8)

From the regression analyses, it can be concluded that the studied
compounds exhibited a good linear correlation between the acetone content of the
mobile phase and the corresponding Ry, value. At 80% of organic modifier, the
more polar compounds, especially Thym, 1, migrated with the solvent front,
showing a very slight retention in the stationary phase; so the acetone content
could not be increased. On the other hand, 40% of organic modifier was
established as the minimal concentration of acetone to avoid errors in the
measurement of the Rf, since the more lipophilic compounds 3, 4, 5, and 7
remained at the starting line.

From Figure 1 and negative slope values of Egs. (1-8), it was possible to
deduce that the more lipophilic compounds are the most affected by the variation
of mobile phase.

In order to obtain a parameter that allowed us to analyze the results
independently from the composition of the mobile phase, the Ry, values (Ryy
corresponding to 0% of acetone) for 1, 2a, 3—8 that correspond to the intercept of
the regression lines were determined.!'” These results made it possible to
compare the assayed compounds on the basis of their intrinsic lipophilicity. The
procedure was feasible because a thermodynamic marker (KI) was used to
determine the solvent front in the Ry, determination.?%-2!]

Relationship Between Ry, and log P,

The linear dependence observed in the correlation between the Ry, and the
log P, obtained by the shake flask method can be considered as a Collander
type equation (Eq. (9), Figure 2).

log P,y = 0.745 (£0.211) Ry, — 0.812 (£0.399)

n=06; r=0.980; s=0.205; F=96.24 9

Rmw data for AZT-Phe, 5, and AZT-Tryp, 7 (points shown in Figure 2 as []
shaped points), were omitted from the regression analysis because of their large
deviation. It is noteworthy that both excluded compounds from the regression
analysis showed a lower log P, ,, value than the expected one. It is known that the
log P, of a drug is influenced by certain parameters of the molecule,'**! among
them the area of the molecule and some others derived from the electronic
distribution, such as dipolar moment and hydrogen bonding capacity.l**! In this
way, the correlation of Ry, and log P, values of compounds 1, 2a, 3-8 with
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LOg Pnfw

-1 -0.5 0 0.5 1 15 2 2.5 3 3.5
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Figure 2. Relationship between Ry, and log P, values as described by Eq. (9).

their molecular area (M.A.), determined for the conformation of minimal energy
by means of the software WinMopac V.2.0 and Chem3D Pro V5.0, leads to the
following equations:

10g P,y = 0.008 (£0.005) M.A. — 2.217 (£2.168)
n=8; r=0.775 s=0536 F=09.02 (10)

Ry, = 0.013 (££0.005) MLA. — 2.684 (£1.779)
n=8; r=0.933; s=0439; F=40.49 (11)

The high correlation observed in Eq. (11) suggests that the main factor
affecting the RP-TLC retention is the drug molecular area. However, the lower
one for Eq. (10) leads us to consider that the molecular area is not the only
parameter involved in log P, parameters. Consequently, the electronic
distribution of these molecules could be more important in the shake flask
partition phenomena than in the RP-TLC method. It is also remarkable that both
excluded compounds have aromatic side chains in their esterifying amino acids,
this fact being consistent with the difference in the electronic distribution of the
amino acid moiety suggested. This type of deviation between the Ry, and the log
P value has previously been reported by Biagi et al., for harmaline and harmalol
molecule drugs.[*¥
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Reversed-Phase High Performance Liquid Chromatography
(RP-HPLC)

The correlation between the log k’ values and the composition of the mobile
phase was established, finding a linear relationship, as can be seen in Egs.
(12-19) and as plotted in Figure 3.

logk/(Thym, 1) = —0.007 (£0.001) %MeOH — 0.150 (£0.075)
n=>5; r=099; s=0.012; F=356.93 (12)

logk'(AZT, 2a) = —0.020 (£0.002) %MeOH -+ 0.959 (£0.140)
n=4; r=0.999; s=0.013; F=1152.2 (13)

logk'(AZT-Leu, 3) = —0.038 (£0.008) %MeOH + 2.540 (4:0.495)
n=25; r=0.987; s=0.080; F=229.39 (14)

logk'(AZT-iLeu, 4) = —0.043 (£0.003) %MeOH + 2.783 (£0.155)
n=4; r=0.999; s=0.014; F =4472.41 (15)

e Thym,1

S AZT,2a

“O. AZT-Leu,3
oo AZT-iLeu, 4
A AZT-Phe,5
"W AZT-Val, 6
A AZT-Tryp, 7
e AZT-Prol, 8

Logk'

0 10 20 30 40 50 60 70 80 90
% Methanol

Figure 3. Relationship between log k’ values and methanol concentrations in the mobile
phase for the selected derivatives.
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logk/(AZT-Phe, 5) = —0.041 (£0.009) %MeOH + 2.658 (£0.529)
n=2>5; r=0.993; s =0.085; F=225.65 (16)

logk'(AZT-Val, 6) = —0.033 (£0.007) %MeOH + 2.062 (£0.420)
n=>5; r=0.99; s=0069 F=23596 (17)

logk'(AZT-Tryp, 7) = —0.043 (£0.010) %MeOH + 2.709 (£0.542)
n=4; r=0.997; s =0.050; F=365.48 (18)

log k'(AZT-Prol, 8) = —0.025 (£0.008) %MeOH + 1.381 (0.516)
n=>5; r=0983; s=0.083; F=288.10 (19)

Relationship Between log k;, and log P, ,

As previously discussed for Ry, data, the relationship between the log k/
value obtained by extrapolation to a 0% methanol content in the mobile phase
(logky,) with the log P, resulted in a good linear correlation as shown in Eq.
(20) (Figure 4). logk;, for AZT-Phe, 5, and AZT-Tryp, 7 (points shown in Figure
4 as [ shaped points), were again omitted from the regression analysis, because
of their large deviation.

log P, ,, = 0.816 (£0.193) logkl, — 0.955 (£0.362)

n==6; r=0.986; s=0.172; F=138.28 (20)

From the results of Egs. (9) and (20), it can be seen that the slope values are
close to the unit. This finding suggests that, for this family of compounds, the
affinity for the stationary apolar phase is almost the same as that for the mobile
apolar phase.

It is noteworthy that AZT-Phe, 5 and AZT-Tryp, 7 exhibited the same
behavior in both RP-TLC and RP-HPLC chromatographic systems, showing a
higher lipophilicity than the one observed by the shake flask method. This kind of
behavior has previously been described for mesitylene (1,3,5-trimethylbenzene),
where its log P, value was lower than the predicted by the RP-HPLC
method.*?!
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Log P,

0.5 0 0.5 1 1.5 2 2.5 3
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Figure 4. Relationship between log P, and logk;, values as described by Eq. (20).

In the same way as Ry analysis, Eq. (21) correlates log k, values with the
molecular area:

logkl, = 0.012 (£0.004) M.A. — 2.437 (+1.534)

n=2_8; r=0.944; s=0.379; F =49.17 21

Remarkably, the dependence with the molecular area was almost the same
for both chromatographic systems since the slopes and the intercepts were
statistically equal. From the above data, it is possible to conclude that both
chromatographic methods could be mainly described by the molecular area, while

the log P, also needs to include other parameters (e.g., electronic parameters) to
obtain an acceptable correlation.

Relationship Between Slopes and Intercepts
(RP-TLC and RP-HPLC)

Figure 5a shows a good linear relationship between the slopes and the
intercepts (Ryyyw) of the RP-TLC Egs. (1-8), as described by Eq. (22).

Intercept = —92.649 (£13.303) slope — 1.488 (£0.450)
n=2_8; r=0.990; s=0.177; F =291.07 (22)
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Figure 5. Relationship between slopes and intercepts. a) RP-TLC as described by
Equation 22; b) RP-HPLC as described by Equation 23.
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Likewise, Figure 5b shows an optimal correlation between the slopes and
intercepts (logkl,) of Egs. (12-19) (RP-HPLC), as expressed by Eq. (23).

Intercept = —81.310 (£5.476) slope — 0.673 (£0.183)
n=2_8; r=0.998; s=0.077; F=1323.02 (23)

It has been previously reported that one of the basic features of the
chromatographic assays of lipophilicity is the relationship between the slopes and
intercepts of TLC equations.!'” The physicochemical parameters Ry, logk.,
and the intercepts of linear regression Eqs. (1-8) and (12—19), respectively, can be
considered as a sign of the partitioning process between a polar mobile phase
(buffer) and a non-polar stationary phase (octadecanol in RP-TLC and
octadedecylsilane in RP-HPLC).!'¥)

The slopes indicate the rate at which the solubility of the compounds
increases in the mobile phase as the percent of organic solvent increases. Hence,
it is reasonable that the most lipophilic compound (more sensitive to a decrease in
the polarity of the mobile phase and, thereby, with a higher slope) exhibits higher
Ry and logk;, values. Conversely, a more hydrophilic compound with lower
slope and sensibility to a decrease in mobile phase polarity will have lower Ry,
and logkl, values. These features account for the linear correlations between
intercepts and slopes, as observed in Egs. (22) and (23).

Relationship Between log k|, and Ry

Here, the correlation between logk,, and Ry, Eq. (24) (Figure 6) was also
established.

logkl, = 0.921 (£0.114) Ry, + 0.174 (£0.242)
n=238; r=0.992; s=0.142; F =389.72 (24)

From the above equation, it was possible to deduce that both chromato-
graphic methods assayed generated consistent results, making it possible to use
either the RP-TLC or RP-HPLC method to obtain lipophilic parameters derived
from chromatographic data.

log P Calculations

In Quantitative Structure Activity Relationship (QSAR) studies, it is
significant to predict the log P values of not yet synthesized molecules. In this
way, and for comparative purposes, log P values for compounds 1, 2a, 3-8 were
calculated by the CLOGP program.!'®!
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Figure 6. Relationship between logk), and Ry, values as described by Eq. (24).

According to the results shown in Table 2, we can deduce that, although
this calculation method appeared to be useful in the qualitative determination of
the relative lipophilicity among this group of compounds, it was not possible to
obtain an acceptable correlation between the CLOGP and the experimentally
determined log P value. These observations derive from the absence of some
molecular fragments and correction factors included in the software calculation
(mainly the oxalyl fragment), a fact that was evidenced in the program calculation
report.

Correlation Between Different Techniques

In order to analyze the applicability of the different techniques employed in
the present work, the log P values obtained by the shake-flask method and those
from Eqgs. (9) and (20) (log Prp.1Lc, log Prp_npLc) derived from the RP-TLC and
RP-HPLC techniques, respectively, as well as with CLOGP, were correlated. In
this way, Eqs. (25-27) were obtained by a linear regression analysis; plots are
shown in Figure 7.

log P,y = 0.999 (+0.283) log Prp_yic + 0.0001 (£0.251)
n=6; r=0980; s=0.205 F=9626 (25)
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e LogP,,, vs. Log Ppp 1y ¢ (eq. 25)

“Q. LogP,,, vs. Log Pgp gpr ¢ (8- 26) .
"%, LogP,,, vs. Log Pcyogp (eq. 27) i . e e

Log Pulc

-1.5 -1 0.5 0 0.5 1 1.5
LogP,,

Figure 7. Relationship between log P, values obtained by shake flask methods and
log P values obtained from different techniques.

log P,y = 1.016 (£0.194) log Prp_yprc — 0.0193 (£0.172)
n=6 r=0991; s=0.140; F=212.21 (26)

log P,y = 0.565 (£0.336) log Pcyogp — 0.063 (£0.516)
n=6 r=0919; s=0405 F=24.74 27)

From the analysis of the above equations, it is clear that both
chromatographic methods (RP-TLC and RP-HPLC) represent a more accurate
lipophilicity measure compared to the CLOGP method, based on the fact that in
Egs. (25) and (26), the slope is = 1 and the intercept is = 0. Also, the log P
values obtained by the chromatographic methods exhibited a higher correlation
with those obtained by the shake flask method than with those obtained by the
predictive method (CLOGP).

CONCLUSIONS

Based on the good correlations obtained, the chromatographic methods
(RP-TLC and RP-HPLC) have proven to be reliable and accurate techniques to
describe the lipophilic character of this nucleoside family of compounds. As



09: 05 24 January 2011

Downl oaded At:

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

1362 MORONI ET AL.

previously stated, the lipophilic properties measured by chromatographic methods
could be explained mainly by the molecular area of the tested compounds.

From the analysis of Table 2, it can be established that the chromatographic
methods yield lower deviations related to the experimental log P, than the
theoretical ones, resulting the RP-HPLC method to be slightly more accurate than
the RP-TLC for this set of compounds.

Although CLOGTP is a useful and simple method to predict the lipophilicity
rank for many compounds, it appeared to be of limited applicability for this
nucleoside family, needing a correction equation in order to obtain a predicted
value closer to the experimental one. For these novel studied compounds, the
lipophilicity calculated by the CLOGP program was always overestimated. This
fact could be due to the absence of certain fragments of the molecule in the
CLOGP program database. In addition, the CLOGP program does not correctly
estimate the partition coefficient for nucleoside derivatives, generally, because it
does not take into account the interaction between the pyimidine ring and the
sugar moiety, which were also reported by other authors.*!

Furthermore, for compounds possessing aromatic moieties in the esterified
amino acid, a deviation from the correlation of the other studied compounds was
observed. Possibly, this effect is due to the electronic distribution on the aromatic
amino acids, since we determined that the molecular area was not the cause for
the deviation. Based on the previous statement, it could be assumed that log P,
represents a better model for streams transport of drugs, such as in the circulatory
system, while the chromatographic data may describe the binding onto surfaces,
such as a receptor site.?*!

All these novel zidovudine derivatives showed to be significatively more
lipophilic than the parent AZT, making them potential pharmacological agents in
the treatment of AIDS and related diseases, according to their exhibited anti
HIV-1 activity.!'”?

ACKNOWLEDGMENTS

The authors gratefully acknowledge the Agencia Coérdoba Ciencia, the
FONCYT and the Secretaria de Ciencia y Técnica de la Universidad Nacional de
Cordoba (SECYT-UNC) of Argentina for financial support. The authors also wish
to express their sincere thanks to Dra. L. Alassia (FILAXIS Laboratories, Buenos
Aires, Argentina) for supplying zidovudine.

REFERENCES

1. Barbato, F.; La Rotonda, M.I.; Quaglia, F. Interactions of Nonsteroidal Anti-
Inflammatory Drugs with Phospholipids: Comparison Between Octanol/



09: 05 24 January 2011

Downl oaded At:

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016

AMINO ACID DERIVATIVES OF ZIDOVUDINE 1363

10.

11.

12.

Buffer Partition Coefficients and Chromatographic Indexes on Immobilized
Artificial Membranes. J. Pharm. Sci. 1997, 86 (2), 225-229.

Leo, A.J.; Hansch, C.; Elkins, D. Partition Coefficients and Their Uses.
Chem. Rev. 1971, 71 (6), 525-612.

Hansch, C. Quantitative Structure-Activity Relationships in Drug Design.
In Drug Design; Ariens, E.J., Ed.; Academic Press: New York and London,
1971; Vol. 1, 271-342.

a) Hansch, C.; Dunn, W.J,, IIl. Linear Relationships Between Lipophilic
Character and Biological Activity of Drugs. J. Pharm. Sci. 1972, 67 (1),
1-19. b) Garst, JE.; Wilson, W.C. Accurate, Wide-Range, Automated,
High-Performance Liquid Chromatographic Method for the Estimation of
Octanol/Water Partition Coefficients. I: Effect of Chromatographic
Conditions and Procedure Variables on Accuracy and Reproducibility of
the Method. J. Pharm. Sci. 1984, 73 (11), 1616-1629.

Harnish, M.; Méckel, H.J.; Schulze, G. Relationship Between logP,
Shake-Flask Values and Capacity Factors Derived from Reversed-Phase
High-Performance Liquid Chromatography for N-Alkyl Benzenes and
Some OECD Reference Substances. J. Chromatogr. 1983, 282, 315-332.
Boyce, C.B.; Milborrow, B.V. A Simple Assessment of Partition Data for
Correlating Structure and Biological Activity Using Thin-Layer Chroma-
tography. Nature 1965, 208, 537-539.

Barbaro, A.M.; Guerra, M.C.; Biagi, G.L.; Pietrogrande, M.C.; Borea, PA.
Influence of the Mobile Phase Composition on the Reversed-Phase Thin-
Layer Chromatographic Behaviour of a Series of Prostaglandins.
J. Chromatogr. 1985, 347, 209-218.

Biagi, G.L.; Guerra, M.C.; Barbaro, A.M.; Barbieri, S.; Recanatini, M.;
Borea, PA.; Pietrogrande, M.C. Study of the Lipophilic Character of
Xanthine and Adenosine Derivatives. J. Chromatogr. 1990, 498, 179-190.
Biagi, G.L.; Barbaro, M.A.; Gandolfi, O.; Guerra, M.C.; Cantelli-Forti, G.
R, Values of Steroids as an Expression of Their Lipophilic Character in
Structure-Activity Studies. J. Med. Chem. 1975, 18 (9), 873-883.

Biagi, G.L.; Barbaro, A.M.; Sapone, A.; Recanatini, M. Determination of
Lipophilicity by Means of Reversed-Phase Thin-Layer Chromatography.
J. Chromatogr. A 1994, 662, 341-361.

Grasso, S.; Chimirri, A.; Monforte, P.; Fenech, G.; Zappala, M.; Monforte,
A.M. Compounds with Potential Antitumor Activity. VI-2-Alkyl-3-[2-(1,3,4-
Thiadiazolyl)]-4-Thiazolidinones. Farmaco [Sci.]. 1988, 43 (10), 851-856.
Granero, G.E.; de Bertorello, M.M.; Brifion, M.C. Hydrophobicity
Parameters Determined by Reversed-Phase Liquid Chromatography for
Some New Isoxazolyl-Naphthoquinones. J. Liq. Chrom. & Rel. Technol.
1999, 22 (2), 229-240.



09: 05 24 January 2011

Downl oaded At:

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

1364

13.

14.

15.

16.

17.

18.

19.

20.

21.

MORONI ET AL.

a) Minick, D.J.; Sabatka, J.J.; Brent, D.A. Quantitative Structure-Activity
Relationships Using Hydrophobicity Constants Measured by High-Pressure
Liquid Chromatography: A Comparison with Octanol-Water Partition
Coefficients. J. Liq. Chromatogr. 1987, 10 (13), 2565-2589. b) Minick,
D.J.; Frenz, J.H.; Patrick, M.A.; Brent, D.A. A Comprehensive Method for
Determining Hydrophobicity Constants by Reversed-Phase High-Perfor-
mance Liquid Chromatography. J. Med. Chem. 1988, 37 (10), 1923-1933.
Biagi, G.L.; Recanatini, M.; Barbaro, A.M.; Guerra, M.C.; Sapone, A.;
Borea, PA.; Pietrogrande, M.C. Chromatographic Parameters as Lipophi-
licity Indices for QSAR Studies. In New Approaches in Chromatography;
Kalasz, H.; Ettre, L.S.; Pick, J., Eds.; Fekete Sas Konyvkiado: Budapest,
1993; 215-234.

Caffieri, S. Reversed-Phase High-Performance Liquid Chromato-
graphy (RP-HPLC) Determination of Lipophilicity of Furocoumarins:
Relationships with DNA Interaction. J. Pharm. Sci. 2000, 90 (6),
732-739.

a) Motura, M.L.; Salomoén, H.; Moroni, G.N.; Wainberg, M.; Brifion, M.C.
Synthesis, Lipophilicity and Anti-HIV Activity of a New Brominated
Analog of Zidovudine. Nucleos. Nucleot. 1999, /8 (3), 337-351. b)
Motura, M.I.; Moroni, G.N.; Teijeiro, S.A.; Salomén, H.; Briion, M.C. 3°-
Azido-3’-Deoxy-5’-O-Isonicotinoylthymidine, A New Prodrug of Zidovu-
dine. Synthesis, Solid State Characterization and Anti HIV-1 Activity.
Nucleos. Nucleot. & Nucl. Acids 2002, 2/ (3), 217-230.

Turk, G.; Moroni, G.N.; Pampuro, S., Brifion, M.C.; Salomoén, H.
Antiretroviral Activity and Cytotoxicity of Three Novel AZT Derivatives.
The 1st IAS Conference on HIV Pathogenesis and Treatment, Buenos
Aires, Argentina, Jul 8-11, 2001; Abstract No. 243.

a) Moroni, G.N.; Bogdanov, P; Brifion, M.C. Synthesis and in vitro
Antibacterial Activity of Novel 5’-O-Analog Derivatives of Zidovudine as
Potential Prodrugs. Nucleos. Nucleot. & Nucl. Acids 2002, 2/ (3), 231-
241. b) Bogdanov, P.; Moroni, G.N.; Vaccarini, C.; Brifién, M.C. XIII
Jornadas Cientificas, Sociedad de Biologia de Cordoba, Cordoba,
Argentina, 2001; Biocell, in press.

a) Leo, A.J. Database of CLOGP for Windows, V 1.0.0, 1995. b) Leo, A.J.
Calculating logP,.; From Structures. Chem. Rev. 1993, 93 (4), 1281-
1306.

Teijeiro, S.A.; Moroni, G.N.; Motura, M.I.; Brifiéon, M.C. Lipophilic
Character of Pyrimidinic Nucleoside Derivatives: Correlations Between
Shake Flask, Chromatographic (RP-TLC and RP-HPLC) and Theoretical
Methods. J. Lig. Chrom. & Rel. Technol. 2000, 23 (6), 855-872.

a) Dross, K.; Sonntag, C.; Mannhold, R. On the Precise Estimation of Ry,
Values in Reversed-Phase Thin-Layer Chromatography, Including Aspects



09: 05 24 January 2011

Downl oaded At:

©2002 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

ﬂ MARCEL DEKKER, INC. ¢ 270 MADISON AVENUE « NEW YORK, NY 10016

AMINO ACID DERIVATIVES OF ZIDOVUDINE 1365

22.

23.

24.

25.

of pH Dependence. J. Chromatogr. 1993, 639, 287-294. b) Dross, K.;
Sonntag, C.; Mannhold, R. Determination of the Hydrophobicity Parameter
Rmw by Reversed-Phase Thin-Layer Chromatography. J. Chromatogr. A
1994, 673, 113-124.

a) Hansch, C.; Leo, A.J. The Hydrophobic Parameter: Measurement and
Calculation. In Exploring OSAR. Fundamentals and Applications in
Chemistry and Biology; ACS Profesional Reference Books: Washington,
1995. b) Hansch, C.; Leo, A.J.; Hoekman, D. Exploring QSAR.
Hydrophobic, Electronic, and Steric Constants.; ACS Profesional Refer-
ence Books: Washington, 1995.

Kubinyi, H.; OSAR: Hansch Analysis and Related Approaches; VCH
Publishers: New York, 1993; Vol. 1.

Biagi, G.L.; Pietrogrande, M.C.; Barbaro, A.M.; Guerra, M.C.; Borea, PA.,
Cantelli-Forti, G. Study of the Lipophilic Character of a Series of Beta-
Carbolines. J. Chromatogr. 1989, 469, 121-127.

Morelock, M.M.; Choi, L.L.; Bell, G.L.; Wright, J.L. Estimation and
Correlation of Drug Water Solubility with Pharmacological Parameters
Required for Biological Activity. J. Pharm. Sci. 1994, 83 (7), 948-952.

Received January 23, 2002
Accepted February 27, 2002
Manuscript 5770



