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Abstract 

Factor Xa and thrombin, two critical pro-coagulant enzymes of the clotting cascade, are 

the primary target of current anticoagulation research that aims to develop potent, orally 

bioavailable, synthetic small molecule inhibitors. To determine structural features that might 

play important roles in factor Xa and thrombin recognition and oral bioavailability, quantitative 

structure-activity and structure-property analysis was performed on the factor Xa and thrombin 

inhibition data and Caco-2 cell permeability data of 3-substituted pyrazole 5-carboxamides 

reported by Pinto et al. [J. Med. Chem. 44 (2001) 566]. The factor Xa and thrombin inhibition 

potencies and Caco-2 cell permeability of the 3-substituted pyrazole 5-carboxamides could be 

quantitatively described through molecular connectivity and atom level E-state indices. Different 

quantitative structure-activity and structure-property models were derived for each of the three 

biological properties. The models are statistically relevant with correlation co-efficients of at 

least 0.9 and contain only 2 or 3 molecular descriptor variables. The study demonstrates the use 

of molecular connectivity and E-state indices in understanding factor Xa and thrombin 

inhibition. In addition, the models may be useful for predictive purposes in generating molecules 

with better potency, specificity and oral bioavailability. 
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1. Introduction 

Factor Xa and thrombin are two serine proteases that play a pivotal role in the blood 

coagulation cascade [1-5]. Factor Xa represents the confluence of the intrinsic and extrinsic 

pathways of the cascade and activates prothrombin to thrombin. Thrombin has several pro-

coagulant functions including the activation of platelets, the feedback activation of several other 

coagulation factors, and the conversion of fibrinogen to insoluble fibrin clots. Inhibition of 

thrombin results in a near complete disruption of clot formation and hence, numerous thrombin 

inhibitors have been vigorously investigated as anticoagulants [6-10]. However, growing 

realization that inhibiting the proteolytic function of thrombin results in numerous ancillary 

effects has led to an impetus to design selective factor Xa inhibitors. It is expected that molecules 

specifically inhibiting factor Xa are less likely to inhibit platelet function resulting in less 

bleeding complications. 

Numerous scaffolds have been investigated as inhibitors of factor Xa [11-25]. A majority 

of these scaffolds utilize the presence of an amidine group, an Arg mimic, to target the enzyme’s 

active site. Yet, this group may also recognize thrombin and other Arg specific proteases 

resulting in considerable loss of inhibition specificity. Thus, the design of factor Xa specific 

inhibitors has to rely on structural features of the scaffold to induce selective recognition of the 

factor Xa active site. To understand whether such structural features can be identified, we 

analyzed the quantitative structure – activity relationships (QSAR) in a series of 3-substituted 

pyrazole 5-carboxamides that were reported to inhibit factor Xa and thrombin [23]. Our QSAR 

study reveals that three biological end points, factor Xa and thrombin inhibition potency and 

Caco-2 cell permeability may be quantitatively described using molecular connectivity and atom 

level electro-topological state indices. The study suggests that it should be possible to utilize the 
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molecular connectivity and E-state indices-based models, in combination with combinatorial 

library prepared using different substituents, for the design of useful leads that enhance the factor 

Xa potency and specificity, and oral bioavailability. 

2. Experimental 

2.1 Data set 

The data used in this study was taken from the literature published by Pinto et al. [23], 

wherein the synthesis and screening of several small molecules for direct inhibition of thrombin 

and factor Xa is reported. Although the synthesized compounds were screened against both 

human and rabbit factor Xa, only the human enzyme data is considered for this QSAR study. 

Both the factor Xa and thrombin inhibitory activity were expressed as equilibrium inhibition 

constants (KI, nM), which are averaged from multiple determinations. The pyrazole scaffold was 

found to be the most potent scaffold and hence, to work with a homogenous data set we 

performed our QSAR study on these compounds only. Within this set, the compounds with 

indeterminate KI values were excluded from the study. Both the factor Xa and thrombin 

inhibition constants were converted to the pKI values, where pKI = –logKI, for use as dependent 

variables. 

In addition to factor Xa and thrombin inhibition potencies, Pinto et al. [23] also report the 

Caco-2 cell permeability screening of selected pyrazole derivatives. Caco-2 cell permeability 

assay [26] is an in vitro technique to gain preliminary knowledge about the oral bioavailability of 

potential drugs. Cell permeability is reported as apparent permeability (PAPP, cm/s). The oral 

bioavailability potential corresponds directly to the PAPP value. The reported PAPP values for the 

limited number of pyrazole derivatives were converted to the pPAPP values, where pPAPP = –log 

PAPP, for QSAR analysis. 
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2.2 Molecular modeling and descriptor calculation 

The chemical structures of pyrazole derivatives were prepared using ISIS v2.5 software 

(Elsevier MDL, San Ramon, CA) and exported as mol files to calculate their structural descriptor 

values. Kier and Hall have developed simple, yet structurally informative descriptors, such as the 

electro-topological state (E-state) indices, molecular connectivity indices and kappa shape 

indices [27-29] to explore the relationship between structure and activity. 

The E-State is derived as a composite index embracing both electronic and steric 

attributes of atoms in molecules. As reported in a number of studies, the E-State is a unified 

property of an atom that reflects its own electronegativity and that of the proximal and distal 

atoms, as well as its topological state [28]. In contrast to the E-state index, the molecular 

connectivity indices transform a molecular structure into different mathematical models. More 

specifically, the structural information is compiled into a single number utilizing a specific 

mathematical model that represents the number and type of bonds as well as the pattern of 

bonding. Multiple such mathematical models can be derived from different bonding pattern 

representations of a single molecular structure giving several molecular connectivity indices. 

Kappa shape indices are topological indices that encode a molecule’s shape in one of many 

forms such as the degree of cyclicity, the spatial density of atoms in the molecule, or the degree 

of centrality of branching. Several authors have exploited the power of these structural 

descriptors in the quantitative analysis of physical, chemical, biological and toxicological 

properties [30-38]. 

Structural descriptors used in our QSAR study were calculated using QSARIS software 

v2.1 (Elsevier MDL, San Ramon, CA). This program incorporates an automated search of more 

than 100 electronic, thermodynamic, structural and topological molecular descriptors that may be 
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important for understanding the activity parameter. For QSAR analysis of factor Xa and 

thrombin inhibition data as well as for Caco-2 cell permeability data, we used a genetic 

algorithm (GA), as reported previously [39,40]. Briefly, the GA was initialized with 32 

chromosomes selected at random from the entire set of molecular descriptors. These 

chromosomes were transformed using Friedman’s lack-of-fit fitness function and subject to the 

tournament selection procedure to select parents for crossover. A crossover rate of 0.5 was used 

and the offspring was subject to a mutation rate of 0.1. The algorithm was run for 2000 

generations, which typically gave a stable model and no improvement was noted beyond this 

point. 

3. Results 

3.1 QSAR analysis of factor Xa inhibition 

QSAR analysis of inhibition of factor Xa by pyrazole derivatives was performed using 

QSARIS program that utilizes a genetic algorithm-based approach to fit the observed data to a 

multi-parameter regressional model. The data could be readily fitted to several models 

containing five or six molecular descriptors, each giving an r2 value of 0.94 or more. However, to 

arrive at a statistically relevant QSAR model, we restricted the number of molecular descriptors 

to 2−n , where n is the total number of compounds in the data set. Thus, the maximum number 

of allowed molecular descriptors was set to 3. However, when the GA was performed with only 

three molecular descriptor variables, the algorithm did not converge reproducibly suggesting in 

no solution corresponding to a significant QSAR model. It is likely that the presence of a large 

number of molecular descriptors greatly increased the search space resulting in inadequate 

search. To address this likelihood, the GA was performed using an enhanced mutation rate, 

which rapidly converged to a unique solution. 
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In an alternative study, the genetic algorithm was initialized using a subset of molecular 

descriptors. In other words, the entire set of molecular descriptors was divided into smaller 

subsets and the GA was run within each subset. The smaller subsets were generated in a non-

exclusive manner so that several subsets had overlapping molecular descriptors. This resulted in 

several models that repeatedly contained a small number of molecular descriptors. This approach 

identified the group of molecular descriptors that were enriched, which were further confirmed in 

an independent study. 

Both the global search and the alternative compiled subset search resulted in a unique 

QSAR solution (Model 1) containing three descriptors. 

75.1_67.132.1log 3
)( +++=− acntSdssCSHssNHK v

cI fXa χ  [Model 1] 

r2 = 0.902, s = 0.329, q2 = 0.408, n =26 

where SHssNH is the atom-type hydrogen E-state for sp3 hybridized NH nitrogen, 

SdssC_acnt is the count of non-aromatic sp2 hybridized carbons, 3χv
c is the third-order valence 

connectivity cluster index, and KI(fXa) is the equilibrium factor Xa inhibition constant. 

The presence of SHssNH in the model indicates that the hydrogen atom of the amide 

bond (Figure 1) plays an important role in the binding of the pyrazole derivatives, perhaps 

through the formation of a hydrogen bond. SdssC_acnt, which is a count of certain type of 

carbons, does not provide any information regarding the nature of binding, however, it is a 

powerful identifier of potency-enhancing functional groups because it can assume distinct 

values, either 1 (benzylamine) or 2 (benzamidine). The presence of this molecular descriptor in 

model 1 captures the experimental result that the benzamidine analogs are more potent than the 

benzylamine analogs (Table 1). Finally, 3χv
c is a non-empirical index that encodes information on 

the constitutive property of a molecule, e.g., the degree of branching, the branching pattern, the 
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degree of cyclicity [27]. It is difficult to transcribe the value of this index into discrete structural 

component(s), however it has been loosely interpreted as a measure of intermolecular 

accessibility [41]. 

We reasoned that it should be possible to replace SdssC_acnt with a molecular descriptor 

that captures the ‘functional group identification’ feature but, in addition, can also provide 

information on the substitution pattern. Hence, we decided to test SHdNH, the atom-type E-state 

index for the imine group (Figure 1). This index would assume a value of zero for all 

benzylamine analogs but is likely to be sensitive to substitutions at the 3-position of the pyrazole 

for benzamidine derivatives. Using this E-state index, model 2 was obtained. 

500.323.068.133.1log 3
)( +++=− SHdNHSHssNHK v

cI fXa χ  [Model 2] 

r2 = 0.901, s = 0.330, q2 = 0.369, n=26 

Models 1 and 2 describe the variation in factor Xa inhibition potency equally well as 

judged by the r2 value. Interestingly, molecular descriptors SHssNH and 3χv
c, present in model 1, 

are also found to play important role in model 2. Finally, all three molecular descriptors have 

positive co-efficients suggesting the value of these parameters and factor Xa inhibition potency 

are positively correlated. 

3.2 Structural Interpretation of the factor Xa QSAR analysis  

To better understand the importance of these descriptors, we assessed the variation in 

factor Xa inhibition potency as a function of the substitution pattern at the R1, R2, R3, R4 and X 

positions on the pyrazole scaffold (Table 2). Four pyrazole analogs, 2a, 2b, 2c and 14a, display 

factor Xa inhibition constants (KI(fXa)) in the range of 13 to 160 pM arising from functional group 

variation at the R1 position (Figure 1). Calculation of the values of the E-state (SHssNH and 

SdNH) and molecular connectivity (3χv
c) descriptors for this sub-set of pyrazole derivatives 
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indicates that only 3χv
c parallels changes in the KI(fXa) values (Table 2). This suggests that any 

substitution at the R1 position that increases the value of 3χv
c parameter is likely to enhance the 

factor Xa inhibition potency. 

The R2 position assumes only two substitutions, either –CH2NH2 or –C(NH)NH2, which 

have been analyzed above through the E-state descriptor, SdNH. A comparison of pyrazoles 17a 

and 2b further confirms this observation (Table 2) and shows that the other two descriptors, 

SHssNH and χvc3, are not positively correlated with KI(fXa). 

Comparison of pyrazoles 2h, 2g, 2f, 2b and 2c shows that the factor Xa inhibition 

potency decreases from 8 pM to 1300 pM. In this sub-set, replacing the –H group with the –F,–

CF3, –SO2NH2, and –SO2CH3 substituents increases the KI value ~3-, 30-, 100- and 160-fold, 

respectively (Table 2). Calculation of the values for the three molecular descriptors suggests that 

only (3χv
c)  values parallel the observed change in KI(fXa) suggesting that the extent of 

connectivity and valence state of the groups at the R3 position appear to play an important role in 

factor Xa inhibitory activity. Likewise, the large variation in the SHssNH value suggests that the 

R4 position cannot tolerate a –CH3 group, as can be noted from a comparison of pyrazoles 2d and 

2b (Table 2). 

Despite the apparently good structural correlation noted above, a word of caution is 

necessary. The molecular descriptors identified by QSAR models 1 and 2 do not fully explain the 

change in KI(fXa) value of pyrazoles 2b, 2i, 2k, 2m and 2l, each of which exhibit only one change 

in the substituent at the X-position (Table 2). In this sub-set of pyrazole derivatives, the –CH 

group is replaced with electronegative substituents –N, –CF, –CCl and –CBr resulting minimal 

changes in the E-state indices, SHssNH and SdNH, but significant changes in molecular 

connectivity index 3χv
c. Yet, the factor Xa inhibition potency of these molecules is nearly 
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identical (5 – 13 pM) (Table 2). This suggests that additional factors such as conformational 

transitions and protonation – deprotonation equilibrim (pKA), which were not modeled at all in 

this exercise, may be important. Thus, QSAR models 1 and 2 are not exhaustive and should be 

implicated conservatively. 

3.3 QSAR analysis of specificity of pyrazoles for inhibition of factor Xa 

Although both factor Xa and thrombin bind molecules that contain arginine-mimicking 

groups [42,43], the presence of certain structural features in the organic inhibitors affords 

significant specificity of inhibition. In the case of 3-substituted pyrazole 5-carboxamides, the 

specificity of inhibition is strongly in favor of factor Xa (Table 1). A majority of pyrazole 

derivatives prefer to inhibit factor Xa nearly 5,000-fold better than thrombin, while the range of 

specificity was found to be 462–200,000-fold. To determine which structural features in the 

pyrazole derivatives determine the factor Xa inhibition specificity, we explored the use of 

molecular descriptors in a QSAR analysis of thrombin inhibition. Following an approach similar 

to that described above for factor Xa inhibition study, we obtained a statistically significant 

model 3 for thrombin inhibition. 

63.216.019.077.0log 2
)( +−+=− SaaNSHdNHK ThrI χ  [Model 3] 

r2 = 0.953, s = 0.193, q2 = 0.933, n =28 

where SHdNH is the atom-type hydrogen E-state for imine nitrogens, 2χ is the second-

order valence connectivity cluster index, and SaaN is the atom-type E-state for aromatic 

nitrogens. 

Several interesting points can be inferred from the thrombin QSAR model 3. First, the 

correlation matrix (Table 4) indicates that none of the molecular descriptors, except for the two 

related descriptors (SHdNH and SdaaC_acnt, see above and Table 4 footnote) in the thrombin 
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model inter-correlate with the factor Xa model, either 1 or 2. Second, the E-state SHssNH index, 

which figures prominently in both factor Xa models, is not featured in thrombin inhibition model 

3, suggesting that substituents that are able to enhance the hydrogen bond donor capability of the 

amide nitrogen (position X) should enhance the factor Xa inhibition specificity. Third, whereas 

3χv
c is important for anti-factor Xa activity, a different connectivity index 2χ is important for 

direct thrombin inhibition. This suggests that the molecular features that recognize thrombin, 

outside of the amidine group in pyrazole derivatives, are significantly different from those 

important for factor Xa recognition. Finally, the negative co-efficient of the SaaN index, which 

corresponds to the electro-topological state of the aromatic nitrogen, suggests that compounds in 

the data set that contain pyridine or pyrimidine rings decrease binding affinity for thrombin. 

3.4 QSAR analysis of Caco-2 cell permeability property of 3-substituted pyrazoles 

To assess the oral bioavailability of the pyrazole class of inhibitors, Pinto et al. [23] 

report the Caco-2 cell permeability of nine derivatives of the 3-substituted pyrazole scaffold. 

Caco-2 cell permeability assay [26] has been routinely used as an in vitro technique to assess the 

oral bioavailability potential of small molecules. To determine whether factors that govern factor 

Xa potency and specificity contribute to oral bioavailability, we performed QSPR analysis using 

all the molecular descriptors studied above. QSPR analysis using the pPAPP values of nine 

pyrazole compounds suggests model 4 as the best description of their Caco-2 cell permeability.  

84.2151.341.0log 4 +−=− v
pAPP SdssCP χ  [Model 4] 

r2 = 0.9497, s = 0.1515, q2 = 0.8907, n =9 

where SdssC is the atom-type hydrogen E-state for non-aromatic sp2 hybridized carbons 

and 4χv
p is the fourth-order path connectivity cluster index. 
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The correlation matrix for model 4 (not shown) suggests that the major determinant of 

cell permeability is the fourth-order path connectivity index, 4χv
p. This highlights the role of 

molecular surface in determining the Caco-2 cell permeability in this series of molecules. Thus, 

substituents that cause an increase in the 4χv
p value are predicted to increase the Caco-2 cell 

permeability. Likewise, the implication of hydrogen E-state for non-aromatic sp2 hybridized 

carbons suggests that planar molecules, but containing fewer aromatic rings, are likely to 

enhance the oral bioavailability in the pyrazoles. Finally, the Caco-2 cell permeability model 

does not contain molecular descriptor terms that govern factor Xa (and thrombin) inhibition 

potency. Although this result may imply that factors governing inhibition and oral bioavailability 

are likely to be distinct, it is important to remember that molecular connectivity indices – 2χ, 3χc
v, 

and 4χv
p – are derived on the basis of connectivity present in the entire molecule and, hence, 

contain some overlapping characteristics. 

4. Conclusions 

The study of quantitative structure-activity and structure-property relationships revealed 

that factor Xa inhibition potency, specificity in inhibition of factor Xa and Caco-2 cell 

permeability of 3-substituted pyrazole 5-carboxamide derivatives can be successfully described 

using molecular connectivity indices and atom level E-state indices. An E-state index of the 

amide hydrogen, SHssNH, was found to play an important role in determining the affinity of 

these molecules, perhaps through hydrogen bonding. The models also suggest that substituents 

capable of enhancing the hydrogen bond donor property of the amide nitrogen are expected to 

enhance the specificity of factor Xa inhibition. The QSAR models implicate two different 

molecular connectivity indices, 3χv
c and 2χ, for direct anti-factor Xa and anti-thrombin activity, 

respectively. Likewise, another molecular connectivity index, 4χv
p, was found to be a good 
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predictor of Caco-2 cell permeability in a limited series of pyrazole derivatives. A mathematical 

analysis of E-state and molecular connectivity descriptors identified in this study for a 

combinatorial library prepared using different substituents on the pyrazole scaffold can be 

expected to provide useful leads on enhancing factor Xa potency and specificity, as well as 

improve potential oral bioavailability. 
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Table 1. Factor Xa and thrombin inhibition activity of 3-substituted pyrazole 5-carboxamide analogs.a 

 Substituents Factor Xa Thrombin 
 X Y R1 R3 KI   (nM) pKI  (M) KI   (nM) pKI  (M) 
Amidine Analogs R2 = C(NH)NH2      
Pyr-2a CH CH H SO2NH2 0.16 9.796 900 6.05 
Pyr-2b CH CH CH3 SO2NH2 0.013 10.886 300 6.52 
Pyr-2c CH CH N-Bu SO2NH2 0.06 10.222 300 6.52 
Pyr-2db CH CH CH3 SO2NH2 11 7.959 >2000 ---c 

Pyr-2e CH CH CH3 SO2CH3 0.008 11.097 180 6.74 
Pyr-2f CH CH CH3 CF3 0.04 10.398 300 6.52 
Pyr-2g CH CH CH3 F 0.46 9.337 450 6.35 
Pyr-2h CH CH CH3 H 1.30 8.886 600 6.22 
Pyr-2i N CH CH3 SO2NH2 0.007 11.155 1400 5.85 
Pyr-2j N N CH3 SO2NH2 0.041 10.387 7400 5.13 
Pyr-2k C-F CH CH3 SO2NH2 0.005 11.301 210 6.68 
Pyr-2l C-Br CH CH3 SO2NH2 0.01 11 200 6.70 
Pyr-2m C-Cl CH CH3 SO2NH2 0.009 11.046 300 6.52 
Pyr-2n C-F CH CH3 SO2CH3 0.02 10.699 230 6.64 
Pyr-14a CH CH CF3 SO2NH2 0.015 10.824 40 7.40 
Pyr-14b N CH CF3 SO2NH2 0.009 11.046 400 6.40 
Pyr-14c N N CF3 SO2NH2 0.01 11 900 6.05 
Pyr-14d C-F CH CF3 SO2NH2 <0.005 --- c 120 6.92 
Pyr-14e CH CH CF3 SO2CH3 0.008 11.097 70 7.15 
Pyr-14f C-F CH CF3 SO2CH3 <0.005 --- c 50 7.30 
SA862 CH CH O (ring) SO2NH2 0.15 9.824 2800 5.55 
Benzylamine Analogs R2 = CH2NH2      
Pyr-17a CH CH CH3 SO2NH2 2.70 8.569 21000 4.68 
Pyr-17b C-F CH CH3 SO2NH2 1.60 8.796 12000 4.92 
Pyr-17c CH CH CH3 SO2CH3 0.89 9.051 21000 4.68 
Pyr-17d C-F CH CH3 SO2CH3 0.48 9.319 14000 4.85 
Pyr-17e CH CH CF3 SO2NH2 0.91 9.041 14000 4.85 
Pyr-17f C-F CH CF3 SO2NH2 0.36 9.444 2000 5.70 
Pyr-17g CH CH CF3 SO2CH3 0.38 9.420 5800 5.24 
Pyr-17h C-F CH CF3 SO2CH3 0.15 9.824 6000 5.22 
 
a

 Data taken from Pinto et al. J. Med. Chem. 44 (2001) 566 (see ref. 23). bThis compound has an additional N-

Me substitution on the pyrazole ring system. c Indefinite KI was not converted to pKI value. 
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Table 2. Calculated molecular descriptor values and factor Xa inhibition activity data 

for subsets of 3-substituted pyrazole 5-carboxamide analogs. 

 Substituent KI of factor Xaa Molecular Descriptor 

  (pM)b 3χv
c SHssNH SdNH 

R1 position      
Pyr-2a H 160 1.32 2.14 7.60 
Pyr-2c n-Bu 60 1.41 2.15 7.73 
Pyr-14a CF3 15 1.52 2.25 7.56 
Pyr-2b CH3 13 1.45 2.14 7.64 
R2 position      
Pyr-17a CH2NH2 2700 1.41 2.13 0 
Pyr-2b C(NH)NH2 13 1.45 2.14 7.64 
R3 position      
Pyr-2h H 1300 0.77 2.09 7.63 
Pyr-2g F 460 0.82 2.12 7.62 
Pyr-2f CF3 40 0.97 2.16 7.62 
Pyr-2b SO2NH2 13 1.45 2.14 7.64 
Pyr-2c SO2CH3 8 1.75 2.14 7.65 
R4 position      
Pyr-2d CH3 11000 1.55 0 7.68 
Pyr-2b H 13 1.45 2.14 7.64 
X position      
Pyr-2b CH 13 1.45 2.14 7.64 
Pyr-2l C-Br 10 1.72 2.18 7.66 
Pyr-2m C-Cl 9 1.60 2.20 7.65 
Pyr-2i N 7 1.43 2.20 7.63 
Pyr-2k C-F 5 1.49 2.25 7.62 

 
a Taken from Table 1. bPresented in picomolar units for easier comparison. 
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Table 3. Correlation matrix for QSAR model 1 of factor Xa inhibition by pyrazole 

analogs. 

 

 Activity 3χv
c SdssC_acnt SHssNH 

Activity 1.0000 0.2289 0.6074 0.4690 
3χv

c  1.0000 -0.3098 0.03234 

SdssC_acnt   1.0000 -0.1620 

SHssNH    1.0000 
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Table 4. Inter-model correlation matrix of molecular descriptors used in analysis of 

factor Xa and thrombin inhibition. 

 

 2χ 3χv
c SaaN SdssC_acnt SHdNH SHssNH 

2χ 1.0000 0.6216 0.1498 -0.1135 -0.0995 0.1250 
3χv

c  1.0000 -0.0863 -0.3079 -0.3015 0.0313 

SaaN   1.0000 0.1705 0.1780 0.0903 

SdssC_acnt    1.0000 0.9998a -0.1569 

SHdNH     1.0000 -0.1530 

SHssNH      1.0000 
 
aThe nearly 100% inter-correlation is justified by the fact that the two molecular descriptors are 

representing the different atom types in the same functional group (imine), SHdNH represents the H of 

imino nitrogen, while SdssC_ant represents the carbonyl carbon of imine. 
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Table 5. Caco-2 cell permeabilities of 3-substituted pyrazole 5-carboxamide analogs.a 

 
 Substituents Cell 

Permeability 
 X Y R1 R3 pKP (μM) 
Amidine Analogs R2 = C(NH)NH2    
Pyr-14c-17 N N CF3 SO2NH2 7.0 
Pyr-14f-20 CF CH CF3 SO2CH3 6.7 
Benzylamine Analogs R2 = CH2NH2    
Pyr-17a-21 CH CH CH3 SO2NH2 6.7 
Pyr-17b-22 CF CH CH3 SO2NH2 6.0 
Pyr-17c-23 CH CH CH3 SO2CH3 5.9 
Pyr-17d-24 CF CH CH3 SO2CH3 5.5 
Pyr-17f-26 CF CH CF3 SO2NH2 6.0 
Pyr-17g-27 CH CH CF3 SO2CH3 5.5 
Pyr-17h-28 CF CH CF3 SO2CH3 5.3 

 
a

 Data taken from Pinto et al. J. Med. Chem. 44 (2001) 566 (see ref. 23). 
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Figure Legends 

 

Figure 1. Structure of pyrazole carboxamides investigated for QSAR studies. Substituents 

varied were located at the R1, R2, R3, R4 and X positions. 

Figure 2. Predictive ability of a QSAR model (Model 1) for factor Xa inhibition by 3-

substituted pyrazole 5-carboxamide analogs. 

Figure 3. Predictive ability of a QSAR model (Model 3) for thrombin inhibition by 3-

substituted pyrazole 5-carboxamide analogs. 

Figure 4. Predictive ability of a QSAR model (Model 4) for Caco-2 cell permeability of 

high-affinity 3-substituted pyrazole 5-carboxamide derivatives. 
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