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Abstract: A QSAR study using the novel hydrophobic descriptor (logPmw), which is a descriptor for membrane affinity, of our
fibrinogen inhibitors FK633 (1), FR158999 (21), and related derivatives was performed, and resulted in good correlation (n=19,
$=0.268, F=6.38%*, r=0.667). Based on these results, we constructed a hypothesis by which these potent inhibitors bind to the
receptor via the biomembrane and the C-terminal moiety functions as an anchor moiety. © 1998 Elsevier Science Ltd. All rights reserved.

A number of different descriptors are used in quantitative structure-activity relationship (QSAR) studies to
reflect the hydrophobic properties of compounds.! Physical properties such as hydrophobicity are generally very
important for a molecule in order to exhibit potent activities, probably because they are directly related to uptake
and transportation of drugs in biological systems. For example, the logarithm of the partition coefficient in the
biphasic solvent system of 1-octanol/water, logP! and CLOGPZ, are widely used. The measurement of logP is,
however, still a difficult task,3 and its physiological significance is not clear because 1-octanol, which is usually
used as the organic phase for the measurement of logP, has not been established to have structural similarity with
bio-membranes. Therefore, we have introduced a novel hydrophobic descriptor, the logarithm of the partition
coefficient micelle/water (logPmw), which is thought to represent the membrane affinity of a compound, since
micelles are structurally similar to bio-membranes, and we have already demonstrated its usefulness in previous
papers.*>  This novel hydrophobic descriptor can be easily extracted by micelle chromatography (high-
performance liquid chromatography (HPLC) using a micelle aqueous solution as the mobile phase), and affords
several practical advantages such as small sample size, no requirement for high purity, and lower limitations in the
dynamic range, among others.

We have now applied logPmw to a QSAR study of our fibrinogen inhibitors,> since a limited range of
hydrophobicity was found to be required for these compounds to possess potent activities. Many fibrinogen
inhibitors have been studied and reported in this decade, since the binding of fibrinogen to activated glycoprotein
IIb/ITla (GPIIb/IIIa) on the surface of a platelet is the final step, and one of the most important, in the platelet
aggregation cascade.” In two previous papers, we reported the design, synthesis, and evaluation of two types of
novel fibrinogen inhibitors.®® One was designed based on the results of computer simulations,® and resulted in
a clinically studied compound (FK633, 1), and derivatives (compounds 1-12, Table 1) possessing a carboxyl
group at the carboxy terminus (C-terminal).  The other was developed as an orally active analog since the
antiplatelet activities of FK633 are not sufficient after oral administration, and an orally active drug is necessary
for certain indications, and resulted in 4-[[(4-amidinophenoxy)butanoyl]aspartyljvalyl-thiomorpholine 1,1-
dioxide (FR158999, 21) and its derivatives (compounds 13-21, Table 1).8  FR158999 derivatives have a
carbamoyl group or hydrogen atom at their C-terminal position.

QSAR study of the antiplatelet activities of FK633 derivatives using logPmw, CLOGP and STERIMOL
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parameters showed that only logPmw has a good relationship with the inhibitory activities (pIC50) in a quadratic
curve (n=12, s=0.368, F=14.1**, r=0.871), while the other parameters gave poor results.> We herein describe
further QSAR results on our fibrinogen inhibitors, including FK633 and FR158999 derivatives (compounds
1-21), and a hypothesis about the binding route from solution state to binding state, by which potent inhibitors
bind to the receptor via the biomembrane and the C-terminal moiety functions as an anchor.

LogPmw Measurement
Partition coefficient micelle/water (Pmw) was determined by micelle chromatography as described below.4

The relationship between retention factor k' and Pmw is represented by the following equation:

1/k' = [(Pmw-1)V/(Psw x F)] x Cm + 1/(Psw x F) (O

k' = (t-tp)hty
where t is retention time, V is partial molar volume of micelle component (V=1.18 Vmol? for polyoxyethylene
(23) lauryl ether (Brij35) which was used as micelle component in this study), Psw is partition coefficient
between stationary phase and water, Cm is concentration of micelle in the mobile phase, and F is
chromatographic phase ratio. Equation 1 can be written more simply in the following form:

1/k'=AxCm+B (2)
where

A=[(Pmw-1)V/(Psw x F)] 3)
B=1/(Psw x F) (4)

A and B values were determined by regression analysis of equation 2 using the observed data (Cm and k').
The desired Pmw values were estimated from equation 3 and 4 by the following equation:

Pmw=A/BxV)+1 (5)
The retention time, A, B, and estimated logPmw values of the fibrinogen inhibitors studied in this work, along
with their structure and anti-platelet activities are summarized in Table 1. All A and B values were obtained with
high correlation coefficients, as shown in Table 1 (r>0.98).

The important and advantageous points about the use and measurement of logPmw are 1) measurement of
logPmw can be carried out using a small amount of sample, and high purity is not needed because it is enough to
measure retention time of the compounds by HPL.C, whereas high purity and >100mg of compound is usually
necessary for logP measurement, 2) logPmw values are independent of the HPL.C conditions such as column
type, Psw, F, etc., as shown in equation 5, and 3) logPmw values can be easily obtained by use of an auto-
sampler system for HPLC.

Results and Discussion
The observed values of logPmw and antiplatelet activity (pICs)) are plotted in Figure 1a for compounds 1-21.
Statistical analysis of these data, excluding compounds 20 and 21 gives:

pIC50 =-2.36(%1.45 )(longw)2 + 7.58(%£4.55)(logPmw) - 0.680(£3.43) 6)
=-2.36(logPmw - 1.61)% + 6.77 (7
(n=19, s=0.268, F=6.38**, r=0.667)

The values in parentheses in equation 6 indicate 95% confidence intervals. Equation 6 shows that the
antipiatelet activities depend on their logPmw values, and equation 7 indicates that a compound having a logPmw
value of 1.61 exerts the maximum activity (pICs, = 6.77).  This agrees with the experimental results: all
compounds having suitable logPmw values, ranging from 1.3 to 1.7, showed potent antiplatelet activity (pICgq >
6.2) and the most potent was compound 2, whose logPmw value (1.58) is close to the presumptive optimum
logPmw value (1.61). Interestingly, this result is consistent with our previous result, in which compounds
1-12 only were considered: a compound having 1.57 of logPmw will exert the presumptive maximum activity



2485

"Palsal J0U:- 4 U] ‘SWAISAS UOTIRULIOJU]

[eonway)) LHOITAVA £q #E't UOISIOA aIemJos DO 5,09 /WIMI0)) Sursn pajejnofed atom SIan[ea dD010, “(z) uonenba 235, "uonag [eswuadxyg
) Ul PAqUOSIP SUOTIPUOD Y} JOPUN PAMSESUI oM SIN[EA AN UOTUANY “(0S3p801- = 05[d :g aouaisyos woiy patonb azom sanAnoe Aronquyu,

A. Tanaka et al. / Bioorg. Med. Chem. Lett. 8 (1998) 2483-2488

(66685 1D
9L0- 6660 62T Sl - LEE e 9FE  ISE - 080  0S'L (ouroydiowonp-oxop)-EA £ T2
010 860 T Ol - sb'¢  spe 1S€ g€ - 91L0 oIl (ounoydioweA € 0%
£6°0 v660  9LL0 Tl - Wy ev 89v 88y - w099 GaNFA € 61
Lyl 0001 0600  9¥T - 1€9 169 S8L 806 - RET 0L XaUP-FHINIEA € 81
1600 6660 981 6%l - 0sE 9SE  €9¢  oLe - 1680 029 CHNEA A
81°0 0001  S6£0 0TI - LOS  EFS 06§ 0§9 - €L 059 (UdOPW-F'EOCHOCHOHN € 91
Ll 6660 8800  £I'6 - SI'L so8  LS6 8L - S61 059 (WdOE-H)CHOUHOHN € ST
8l 6660  €HO0 T8 - 08 ov6  SETL 09Fl - 177 o9 (UdOMdHP)PHOCHOHN €  pI
50 6660 €490  TII - €9 9%y s wSs - 01 06 CEHOHOCHOHOHN ¢ €1
790 L6600  EYTO0  FSE 8TPl 9T - I€Ll - 810 60T SES SNOHUL vzl
Lot 6660 STEO0  T8E 1621 TPl - L9ST - L8LL 00T LS9 HOGNMAL v
850 6660 LY900 €67 we Lsol - LI1 - 6LTU 8T 619 HOMUL v oot
990 6660 €20  €¥'S 9 €89 oL - sSL el 199 HOM[A o6
ve1- S660 8T 901  0TE ¥TE - e - TEE v060 W HO®S v 8
S00- 6660 0T600 98§ £T8  6L8 - 186 - $SOL BT 089 HOAL € L
50 8660 SEPOO  T9b 1601 28T - 10€l - S8Fl 96T 689 HOGWNAL € 9
90'1 6660 16L00  IS€ 6011 9071 - 9671 - IU'pl 65T $9°9 HOReT-oN-A € s
99°0 6660  vPI0 6LV 908 6b'8 - b6 - OL6 LVl L89 HOM?| £ b
990 6660  6V10 L6 £8°L ST8 - w8 - W6 Lyl 89 HO®I £ €
6L0 6660 LOIO  €9F v6'8  6v'6 - 1ol - 1 ss1 L HO?IN S /

(€€9310)
€10 8860 IPED  EVL 17§ SES - geS 4 06§ 6T1 969 HO[EA £ 1
o ¢ 0E ST 0T 0S51d vv w

Ut SWIL, Gonuaisy awgsol gyuj ampnng

NeH
<<-am<oo§w:ovou©JA
NH

$1031qIYu] U9SoULIqL] JO SANfEA JNOTD pue ‘MwdSo] ‘Sananoy 19[ale[d-Nuy ‘seImpnng ‘| JqeL



2486 A. Tanaka et al. / Bioorg. Med. Chem. Letr. 8 (1998) 2483-2488

(pIC5( = 6.93) as shown in equation 8.

This consistency between our two QSAR studies strongly suggests that the antiplatelet activities of these
peptidic inhibitors are dependent on logPmw.

pICS0 = -4.36(logPmw-1.57)2 +6.93 ®)
(n=12, s=0.368, F=14.1** r=0.871)
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Figure 1. Plots of fibrinogen inhibitory activities (pIC50) versus logPmw (a) and CLOGP (b).

The compounds studied here are different only in the C terminal parts, and possess similar moieties in the
remainder of the molecule. Therefore the role of the C terminal moiety can be discussed from the present results,
and the following two possibilities can be deduced, 1) the C-terminal moiety plays an important role in interacting
with the binding pocket of the GPIIb/IIIa receptor through hydrophobic interactions, and 2) potent inhibitors bind
to the receptor via the biomembrane, as illustrated in route B of Figure 2, and the C-terminal moiety functions as
an anchor by which the inhibitors can interact with the biomembrane through the hydrophobic nature of the C
terminus.? In order to understand further, we next carried out QSAR studies using STERIMOL parameters!© and
CLOGP!! values. QSAR studies on the C-terminal moiety using STERIMOL parameters were unsuccessful
(data not shown), which is consistent with the previous study, indicating that the shape of the C-terminal moiety
is not crucial for anti-platelet activity and is not recognized by the binding pocket of the receptor. A QSAR
study using CLOGP values also resulted in a poor relationship (Figure 1b), in which some compounds having
presumably suitable CLOGP values (0 — 1 values) showed weak antiplatelet activities (compounds 12 and 13).
This difference between QSAR results using logPmw and those using CLOGP is interesting to us since both are
indicators of the same hydrophobic property of compounds. These results are thought to indicate that the
important feature of the AA moiety in these derivatives is not their molecular shape (STERIMOL) or simple
hydrophobicity (CLOGP), but membrane affinity (logPmw) .

This importance of membrane affinity may give some insight into the importance of membrane processes in
biological activity. Thus, the possibility is presented in this study that a potent inhibitor first interacts with bio-
membrane, and then binds to the receptor in the biomembrane, the membrane of platelets in this case (route B in
figure 2), where the C-terminal moiety functions as an anchor.

According to this hypothesis, the reason for inactivity of compounds whose logPmw values are far from the
maximum value (1.57) can be recognized as follows. A compound with low logPmw values, such as compound
8, has to bind to the receptor directly from the solution state (route A in Figure 2) because it does not possess
sufficient affinity for the membrane. In this case, compound 8 should have high binding affinity compared with
others in order to have a good activity because it adapts an unfavorable binding route A in which there are two
major demerits: 1) it is necessary to adapt an active conformation in solution for effective binding with the
GPIIb/IlIa receptor, but this is unlikely,!2 and 2) probability for the inhibitor to meet the receptor via three
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dimensional diffusion (route A) is much lower compared to that via two dimensional diffusion (route B).13

On the other hand, it is difficult for compounds whose logPmw is too high, such as compound 12, to release
itself from the membrane to bind to the binding pocket due to its very high membrane affinity, resulting in an
overall low inhibitory activity.

H
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Inhibition 0 active conformation

G = \/ FAE O N |
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Figure 2. Two inhibitory pathways from the solution state to the binding state, and tentative route of compounds
in this study(route B). i) Bind to the bio-membrane via hydrophobic interaction of the C terminal moiety, ii) construct a
near active conformation under the bio-membrane conditions, iii} bind to the receptor, and iv) directly bind to the receptor
only when the inhibitor adapts a near active conformation in solution. See text in detail.

Finally, comments are necessary about the two hydrophilic compounds 2 0 and 2 1, which were excluded from
the above discussion, but showed potent inhibitory activities, even though their lJogPmw values are very low.
Because of poor membrane affinity, judged from the low logPmw values, they presumable bind to the receptor
directly from aqueous solution via route A, like compound 8. Therefore, the two compounds presumably have
high binding affinity in order to recover the loss of adopting the disadvantageous binding route. This high
binding affinity may derive from the functional groups of the C terminal moiety, such as an oxygen atom (20) or
dioxosulfur atom (2 1), which are able to interact strongly with the receptor via hydrogen bonds. Thus, a 3D-
QSAR analysis, in which electrostatic properties, molecular shape, and hydrophobicity are taken into account,
must be applied for detailed discussion of the data of these compounds.

Conclusion

A QSAR study using a novel hydrophobic descriptor (logPmw), which is a descriptor for a compound's
membrane affinity, of our two fibrinogen inhibitors, FK633, FR158999, and related derivatives was performed.
Results indicated a good correlation (n=19, s=0.268, F=6.38**, r=0.667, excluding two compounds (20, 21)
in Figure 1a). On the other hand, QSAR studies using STERIMOL parameters, descriptors for molecular shape,
and CLOGP, a common parameter for simple hydrophobicity, were unsuccessful.

Based on these QSAR results, we constructed a hypothesis by which potent inhibitors bind to the receptor via
the biomembrane, and the C-terminal moiety thus functions as an anchor by which the inhibitors interact with the
biomembrane (route B in Figure 2). These studies indicate that logPmw is a useful QSAR descriptor, and that a
suitable membrane affinity for the fibrinogen inhibitors is vital for activity.

Experimental Section

All methods for the synthesis of the compounds and the measurement of anti-platelet activities used in this
paper are the same as given in our previous papers.5-8
Measurement of logPmw.’ A Shimazu gradient liquid chromatography system (LC-9A system)
incorporating SPD-6A as a detector and C-R5A chromatopac as calculator, and a Nihhon-Bunko liquid
chromatography system (Gulliver system) incorporating UV-975 as a detector and Bowin system for calculation
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software, were used for compounds 1-12, and for compounds 13-21, respectively. Stock solutions of
Brij35 in 0.1 % TFA aqueous solution (pH 2.37) were prepared in deionized water and were filtered through a
0.45 pm Cellulose ester membrane filter (HA type, Millipore Corporation). The analytical columns were TSK-
gel ODS-80TM (5 um, 120 A, 4.6 x 150 mm) from TOSOH Co., Ltd. for compounds 1-12 and YMC-Pack
ODS-AM AM-301 (5 um, 120 A, 4.6 x 100 mm) from YMC Co., Ltd. for compounds 1321, respectively.
The flow rates were 0.7 ml/min (compounds 1-12) and 1.0 ml/min (compounds 13-21). All experiments were
carried out at room temperature (22-25 C).  Retention time of NaN03 (2.02 min for the Shimazu HPLC
system, 2.53 min for the Nihhon-Bunko HPLC system) was used as a dead retention time (t;)). Retention times
of compounds 1-12 were measured at 25, 30, 35, and 40 mM of Brij35 and for compounds 13-21 were
observed at 20, 30, 40, and 50 mM of Brij35. Statistical calculations were performed using the MR2-8 in MVA
package program. 14
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