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Abstract 
 
Hit optimization of the class of quinazoline containing histamine H4 
receptor (H4R) ligands resulted in a sulfonamide substituted analogue 
with high affinity for the H4R. This moiety leads to improved 
physicochemical properties and is believed to probe a distinct H4R 
binding pocket that was previously identified using pharmacophore 
modeling. By introducing a variety of sulfonamide substituents, the H4R 
affinity was optimized. The interaction of the new ligands, in 
combination with a set of previously published quinazoline compounds 
was described by a QSAR equation. Pharmacological studies revealed 
that the sulfonamide analogues have excellent H4R affinity and behave 
as inverse agonists at the human H4R. In vivo evaluation of the potent 
2-(6-chloro-2-(4-methylpiperazin-1-yl)quinazoline-4-amino)-N-phenyl-
ethanesulfonamide (54) (pKi= 8.31±.10), revealed it to have anti-
inflammatory activity in an animal model of acute inflammation. 
 
Keywords: histamine H4, quantitative structure-activity relationships 
(QSAR), quinazoline sulfonamides  
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1. Introduction 

The histamine H4R receptor (H4R) is a G-protein coupled receptor (GPCR) that belongs 

to the histamine receptor family which is comprised of the H1R, H2R, H3R and H4R 

receptors.1 After its discovery in 2000, the H4R has attracted much attention because it 

plays a role as a mediator of allergic and inflammatory processes.2,3 This receptor is 

mostly found in peripheral tissues but its RNA has also been found in the brain.4 The 

H4R is expressed on cells of the immune system and blood forming organs.5,6,7 A 

considerable amount of work has been done to clarify the role of the H4R in 

(patho)physiological processes and H4R ligands have been shown to be efficacious in a 

variety of animal models of inflammatory disease.3,8,9 Although the H4R is considered a 

potential drug target for the treatment of asthma, allergic rhinitis (hay fever) and pruritis 

(itch), it has not yet been validated for these clinical applications. Most compounds that 

have been used for the elucidation of the role of the H4R have unfavorable kinetics such 

as low half-life (JNJ7777120) or lack of selectivity (thioperamide, clobenpropit).10,11 To 

firmly establish the clinical potential of H4R ligands, there remains a need for good 

pharmacological tools that do not suffer from the abovementioned problems. 
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1, pKi= 8.12 2, pKi= 7.66 3, pKi= 8.25  
Fig. 1. H4R Inverse agonists 1 and 2 and newly discovered sulfonamide substituted quinazoline 3 
with high affinity for the histamine H4 receptor. 
 

Recently we described a pharmacophore model for the H4R that was subsequently used 

in a rational fragment based drug discovery approach for the development of potent 

quinoxaline H4R ligands.12 Subsequent scaffold hopping from the quinoxaline to the 

quinazoline heterocycle led to the identification of thiophene and furan substituted 

quinazolines 1 and 2 (Fig. 1).13 Although the H4R affinity of quinazolines 1 and 2 is high, 

an effort was made to replace the thiophene (VUF10497) and furan (VUF10499) 

moieties.13 Both these compounds are quite lipophilic and the introduction of polar 

replacements for the thiophene and furan moieties was considered to be beneficial for 

solubility. Therefore, several amines were coupled to the quinazoline scaffold leading to 
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the identification of a sulfonamide substituted quinazoline with high affinity for the H4R 

(compound 3, Fig. 1). The identification of compound 3 was followed-up with a SAR 

study in order to explore the tolerance to substitution and alteration of the newly 

discovered N-ethylsulfonamide group. Several analogues were synthesized and 

evaluated for H4R affinity to study the effects of various substituents on the sulfonamide 

nitrogen, chain length or the replacement of the sulfonamide moiety with several 

bioisosteres. 

Substituents on the 4-position of both the initial series of quinazoline compounds and the 

new sulfonamide-containing quinazolines are believed to occupy the same pocket in the 

H4R binding site. This unique pocket was discovered after the construction of a 

pharmacophore model, based on reference H4R antagonist JNJ7777120 and H4R 

agonist clozapine.12,13,14 In an effort to more quantitatively describe the binding of the 

compounds in the H4R pocket a QSAR model was constructed, using the H4R affinity 

data of a significant number of previously reported quinazoline compounds,13 in 

combination with the new sulfonamide compounds described in this publication. 

 

2. Results and discussion 

In an attempt to improve the solubility of 1 and 2 (Fig. 1) we replaced the aromatic 

heterocycles of these compounds by a variety of more polar moieties. Our library of 

primary amines was coupled to intermediate 40 to give a series of quinazoline-containing 

compounds, including diethyl sulfonamide 3. H4R affinity screening of this compound 

revealed high affinity (pKi= 8.12), and it was therefore chosen as a starting point for 

further optimization and exploration of the SAR of this compound. 

 When the diethyl sulfonamide of 3 is replaced with a dimethylsulfonamide (48, Table 1) 

a comparable affinity is found. Removal of one of the methyl groups from 48 leads to a 

3–fold increase in potency (compare 48 and 49). When the diethyl groups of 3 are 

constrained in a cyclic pyrrolidine system (compound 50) some affinity is lost, although 

some other fused rings are well tolerated as illustrated by 2-methylpiperidine and 

morpholine analogues 51 and 52. The replacement of one of the methyl substituents of 

48 with a phenyl group, leading to compound 53 increases the affinity slightly but no 

further increase was observed when the N-methyl group was removed (compare 53 and 

54). Substitution of the sulfonamide phenyl ring of 54 with a 4-iodo substituent gives a 
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14-fold decrease in H4R affinity (55). Although the exact reason of this decrease is 

unknown it can be speculated that the 4-iodophenyl group is simply too large to be 

accommodated by the H4R. When the ethylene spacer between the nitrogen atom on the 

4-position of the quinazoline and the sulfonamide group was extended, a drop in affinity 

was observed (compare 49 and 56), which suggests an optimal spacer length of two 

methylene units between the sulfonamide moiety and the quinazoline heterocycle. 

Replacement of the –NH2 group of the sulfonamide moiety with a methyl group gave 

sulfone 57 that has decreased H4R affinity compared to most sulfonamides in Table 1 

and indicates the importance of the basic nitrogen group for H4R binding. In fact, when 

the sulfonamide moiety remains unsubstituted as in compound 58, the highest affinity 

(pKi=8.35) is observed. The importance of the sulfonamide group for H4R binding is 

emphasized by the failure to replace the sulfonamide group with a suitable bioisostere. 

Indeed, carboxamide (compound 59), reversed carboxamide (compound 60) or 

thiazolidinedione (compound 61) all failed to give compounds with good H4R affinity. 

This SAR study demonstrates that substitution of the quinazoline heterocycle with 

various N-ethylaminosulfonamides leads to highly potent H4R ligands. Most importantly, 

the amino group in the sulfonamide moiety of these quinazolines is quite tolerant to 

substitution with a variety of aromatic and aliphatic groups leading to many compounds 

with affinities in the single-digit nanomolar range. 

Table 1. SAR study of the sulphonamide side chain of quinazoline H4R ligands. 

N

N N

N

Cl

R2

No R2 pKi±SEMa No R2 pKi±SEMa 
3 NH

S
N

O

O

8.12 ± 0.05 55 
NH

S
N
H

O

O

I

 

7.15 ± 0.18 

48 NH

S
N

O

O
 

7.90 ± 0.09 56 

S
N
H

O

O

NH 7.48 ± 0.29 

49 NH

S
N
H

O

O

8.37 ± 0.17 57 NH

S

O

O

7.57 ± 0.18 
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Table 1 (continued) 
50 NH

S
N

O

O

7.75 ± 0.13 58 NH

S
NH2

O

O  

8.35 ± 0.08 

51 NH

S
N

O

O

8.00 ± 0.11 59 NH

N

O 6.65±0.11 

52 NH

S
N

O

O
O

8.03 ± 0.16 60 NH

N
H

O  

6.31±0.09 

53 NH

S
N

O

O

8.27± 0.01 61 
NH

N S

O

O 6.75±0.11 

54 NH

S
N
H

O

O

8.31 ± 0.10    

a Measured by displacement of [3H]histamine binding using membranes of HEK cells transiently 
expressing the human H4R. pKi’s are calculated from at least three independent measurements as 
the mean  SD. 

In parallel with the preparation of several new sulfonamide analogues a QSAR study 

was performed on a large number of quinazolines that was previously prepared during 

our H4R drug discovery program.13 The H4R affinities (pKi values) of all compounds used 

in the QSAR study have all been generated in the same H4R radioligand displacement 

assay.13 A total of 53 compounds were selected and divided into two sets, 31 

compounds were put in the training set and 22 compounds were put in the test set 

(Table 2). Equation 1 resulting from the stepwise regression analysis is considered the 

‘best’ QSAR model of quinazoline derivatives as ligands of the hH4R. The descriptors 

selected by stepwise regression analysis are shown in Table 3 and were found to be 

non-dependent on each other (the cross correlation between descriptors was < 0.7 as 

determined by the Pearson correlation method). In case the selected descriptors for the 

“best model” were not independent, the relationship was re-examined without the 

descriptor that had the lowest correlation with the affinity. The observed, calculated and 

predicted (leave-one-out) affinity values of the training set are presented in Table 4. 

Equation 1.  

pKi hH4R =  3.632(±2.253) + 5.891(±0.656) [a_ICM] – 0.054(±0.012) [PEOE_VSA+5]  

-0.027(±0.008) [SMR_VSA1]  + 0.086(±0.038) [PEOE_VSA-3] 

+ 11.174(±4.976) [GCUT_PEOE_1]  

-1.616 (±0.792) [PEOE_VSA_FPOS] 

N = 31, r = 0.918, R2 = 0.842, S = 0.333, F6, 24 = 21.302, F5%, 6, 24 = 2.508, q2 = 0.789. 
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Table 2. H4R affinity of quinazoline derivatives used as the training and test set. 

N

N N

N

R2

R1

No R1 R2 pKi±SEMa No R1 R2 pKi±SEMa 

Training setb 

73 6-F NH

O

6.65±0.03 

1 6-Cl NH

S

 

8.12±0.02 74 6-Cl NH

O

6.87±0.02 

3 6-Cl NH

S
N

O

O

 

8.12±0.02 75 6-Cl NH

O

7.57±0.05 

62 H H 5.12±0.06 76 6-Cl 

O
N

N

NH 6.43±0.01 

63 H O

 

5.55±0.03 77 6-Cl 

S

NH 7.22±0.03 

64 H NH2 5.76±0.05 78 6-Cl NH

S

7.45±0.02 

65 H NH 5.97±0.07 79 6-Cl NH

N

S

 

6.98±0.02 

66 H NH 5.83±0.11 80 6-Cl NH

N

S

 

6.97±0.10 

67 6-Cl NH 6.59±0.03 81 6-Cl NH

S

 

6.25±0.04 

68 6-Cl CH3NH
 

7.10±0.01 82 6-Cl 

NO2

NH 7.30±0.03 
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Table 2 (continued) 
69 6-Cl N

 

6.21±0.02 83 6-Cl NH

NH2

6.25±0.03 

70 7-Cl CH3NH
 

6.02±0.03b 84 6-Cl NH

F

6.98±0.02 

71 5-CH3 CH3NH
 

6.20±0.06b 85 6-Cl NH

F

F

6.73±0.09 

72 6-Cl, 
8-CH3 

NH

O

6.73±0.02 86 6-Cl NH 6.23±0.03 

Test setb 
92 6-Cl 

NH
O

O 6.05±0.06c 

2 6-Cl NH

O

7.05±0.04 93 H NH

O

6.22±0.01c 

87 H O 5.39±0.03 94 6-Cl NH

S

 

7.47±0.04 

88 H NH

 

5.07±0.05 95 6-Cl NH

S

7.41±0.04 

89 6-Cl 
NH

 

6.12±0.01bc 96 6-Cl NH

OMe

6.44±0.01 

90 6-Cl NH2 6.81±0.07 97 6-Cl NH

CN

6.89±0.13 

91 6-Cl 
NH

OH 6.36±0.07c     

a Measured by displacement of [3H]histamine binding using membranes of HEK cells transiently 
expressing the human H4R. pKi’s are calculated from at least three independent measurements as 
the mean  SEM. b Compounds 54, 59, 60, and 61 in Table 1 are used in the training set, while 
compounds 48, 49, 50, 51, 52, 53, 55, 56, 57, and 58 in Table 1 are used in the test set. c n=2. 
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Leave-one-out cross-validation (LOO-CV) was employed to determine the cross-

validated coefficient (q2) as an internal validation of the models. The best model was 

then applied to predict the pKi hH4R of the test set as an external validation. The R2, R0
2, 

and k values were determined accordingly.15 The correlation between observed, 

calculated and predicted (leave-one-out) affinity values of the training set is shown in 

Fig. 2. The leave-one-out method resulted in a cross-validated q2 of 0.789, which is 

considered to be good according to the standard set by Erikssons, et al.16 As the 

external validation we used Equation 1 to predict the test set. 

 

 

 

 

 

 

Fig. 2. Graph between observed and calculated affinity of the training set (A). The straight line 
presents the graph between observed and calculated affinity of the test set (B). The equation and 
R2 value are presented in the top left of figure B. The dotted line represents the regression through 
the origin (the intercept is 0). The equation and R0

2 value are presented in the bottom right of (B). 
Compound 55, which has residual more than 3S is indicated as a black-filled point 

 

The model has good predictive ability according to the criteria of Golbraikh and 

Tropsha:15 i) The q2 of the training set is larger than 0.5 (q2 = 0.789); ii)  the R2 of the test 

set is larger than 0.6 (R2 = 0.816); iii) subtraction of the R2 of the test set by the R0
2, 

divided by the R2 of the test set is smaller than 0.1 ((R2 – R0
2)/R2 is 0.006); iv) the slope 

of the regression through the origin (the k value) is between the required value of 0.85 

and 1.15 (k = 1.037). Nevertheless, one compound (compound 55) in the test set has a 

residual value of 1.68, higher than 3S, indicating that the model failed to predict this 

particular compound. Compound 55 has an iodine atom, which no compound in the 

training set has. This feature increases the a_ICM descriptor of compound 55. Notably, 

the a_ICM value of compound 55 is the highest among the compounds in the training 
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and test sets. This shows the limitation of such QSAR model to accurately predict the 

affinity of compound outside its domain of applicability.  

The QSAR model (Equation 1) shows a positive correlation with a_ICM, PEOE_VSA-3, 

and GCUT_PEOE_1, and a negative correlation with PEOE_VSA+5, SMR_VSA1, and 

PEOE_VSA_FPOS. It means that new ligands with high a_ICM, PEOE_VSA-3, and 

GCUT_PEOE_1 and low PEOE_VSA+5, SMR_VSA1, and PEOE_VSA_FPOS value 

should have higher affinity for the hH4R.17-20 

 

Table 3.  Definition of the molecular descriptors found for the H4R QSAR model, 
generated with the QuaSAR Descriptor module in MOE 2006.08.17-20 

Descriptor Definition

a_ICM The entropy of the element distribution in the molecule 

PEOE_VSA+5 Sum of the van der Waals surface area of atoms, whose PEOEa partial 

charge is between 0.25 and 0.30 

PEOE_VSA-3 Sum of the van der Waals surface area of atoms, whose PEOE partial 

charge is between -0.20 and -0.15 

PEOE_VSA_FPOS Sum of the van der Waals surface area of atoms, whose PEOE partial 

charge is positive, divided by the total surface area 

SMR_VSA1 The subdivided surface area descriptor based on the sum of the 

approximate accessible van der Waal’s surface area, calculated for each 

atom with contribution to molar refractivity in the range of 0.11 to 0.26 

GCUT_PEOE_1 A descriptor calculated from the eigenvalues of a modified graph adjacency 

matrix. The diagonal of the matrix takes the value of the PEOE partial 

charges. 
a PEOE is a partial charge descriptor calculated using the partial equalization of orbital 
electronegativities.18 

 

The results describe the importance of various physicochemical descriptors on the H4R 

binding. The ratio of the object in the training set and the number of descriptors is about 

5:1. Although this ratio is the case in many QSAR, 15, 21-22 we are aware that the use of 

such number of descriptors can lead to an overfitting model.22 The homogeneity criterion 

indicated by Erikssons, et al.16 can be violated since our aim was to generate a model 

that can explain the whole data set, as diverse as possible. The main point of diversity in 

this series of compounds is at the quinazoline 4-position. Substituents at this position 
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were postulated to interact at a particular H4R binding pocket that was identified by 

pharmacophore modeling studies.14 In addition, the QSAR equation could accurately 

predict the affinity of several new quinazoline sulfonamides that were synthesized for the 

SAR study described in this work (Fig. 2B). The QSAR study will be used in our ongoing 

efforts to more accurately describe ligand-receptor interaction. 

Table 4.  The observed, calculated and predicted affinity values of the training and test 
set. 

No 
 

observed pKi
a calculated 

pKi
b 

predicted pKi
c No observed pKi

a calculated 
pKi

b 
predicted 

pKi
c 

Training set 83 6.25 6.62 6.65 
1 8.12 7.41 7.35 84 6.98 6.67 6.62 
3 8.12 8.19 8.22 85 6.73 6.68 6.65 

54 8.31 8.21 8.18 86 6.23 6.24 6.25 

59 6.65 6.72 6.73 Test set 
60 6.31 6.41 6.43 2 7.05 7.02 - 
61 6.75 6.77 6.86 48 7.90 8.29 - 
62 5.12 5.28 5.36 49 8.37 8.33 - 
63 5.55 5.72 5.76 50 7.75 8.11 - 
64 5.76 5.61 5.54 51 8.00 7.93 - 
65 5.97 5.77 5.71 52 8.03 8.45 - 
66 5.83 5.67 5.60 53 8.27 8.01 - 
67 6.59 6.60 6.61 55 7.15 8.83 - 
68 7.10 6.85 6.83 56 7.48 8.12 - 
69 6.21 6.19 6.19 57 7.57 8.27 - 
70 6.02 6.73 6.79 58 8.35 8.62 - 
71 6.20 5.96 5.87 87 5.39 5.94 - 
72 6.73 6.90 6.93 88 5.07 5.03 - 
73 6.65 6.43 6.34 89 6.12 6.59 - 
74 6.87 6.86 6.86 90 6.81 6.62 - 
75 7.57 7.30 7.25 91 6.36 6.54 - 
76 6.43 6.42 6.41 92 6.05 6.70 - 
77 7.22 7.20 7.20 93 6.22 6.16 - 
78 7.45 7.26 7.24 94 7.47 7.26 - 
79 6.98 7.24 7.29 95 7.41 7.45 - 
80 6.97 7.17 7.21 96 6.44 6.57 - 
81 6.25 7.11 7.25 97 6.89 7.32 - 
82 7.30 6.98 6.92     

a pKi values taken from tables 1 and 2. b Calculated from equation 1. c Determined by leave-one-out 
method. 

 

During the optimization of the quinazoline 4-position for H4R affinity very little attention 

was paid to substitution of the all-carbon aromatic ring of the quinazoline heterocycle 

(positions 5-8 of the quinazoline heterocycle, Table 5).13 Substitution at this position has 

been explored thoroughly in other classes of H4R compounds, e.g., series of 
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thienopyrrole, quinoxaline, indole and benzimidazole based ligands.10, 12, 23-24 In the case 

of the new quinazoline scaffold, we explored the introduction of various halogen atoms 

on the aromatic ring. The observed pKi’s of the compounds in Table 5 show that a 

chlorine on the 6-position (compound 54) is, as expected when considering previously 

published SAR data, crucial for high H4R affinity. The SAR described by the compounds 

in Table 5 is similar to the aforementioned classes of H4R compounds. Interestingly, an 

iodine atom on the 6-position gives a comparable affinity to that of the chlorine 

substituted analogue (compare 54 and 98). A chlorine atom on the 7-position does not 

enhance H4R binding and the lowest potencies are therefore found with compounds 99 

and 100 that both lack a halogen atom at the 6-position but occupy the 7-position with a 

chlorine atom. When the 6-position is occupied with a chlorine or bromine atom and the 

7-position is simultaneously substituted with a chlorine atom, the affinity is restored and 

quite good affinities are found for compounds 101 (pKi= 7.72±0.16) and 102 (pKi= 

7.81±0.02). The 6,8-dichloro substitution pattern (compound 103) and the introduction of 

a 5-CF3 group (compound 104) also give ligands with affinities comparable to that of 54. 

This SAR study shows that in the phenyl sulfonamide series a 6-chlorine atom remains 

the optimal substituent for high H4R affinity, although several other substitution patterns 

such as 5-CF3, 6,8-Cl and 6-I are also well tolerated and give compounds with excellent 

H4R affinity. 

Table 5.  Phenyl sulfonamide substituted quinazolines with various small lipophilic 
substituents. 

N

N N

NH

N

S

O

N
H

O

5

6

7

8

R1

1

2

4

3

No R1 pKi
a 

54 6-Cl 8.31 ± 0.10 
98 6-I 8.24 ± 0.06 
99 5,7-Cl 6.82 ± 0.03 

100 7,8-Cl 6.51± 0.04 
101 6,7-Cl 7.72 ± 0.16 
102 6-Br, 7-Cl 7.81 ± 0.02 
103 6,8-Cl 7.95 ± 0.12 
104 5-CF3 8.09 ± 0.07 

a Measured by displacement of [3H]histamine binding using membranes of HEK cells transiently 
expressing the human H4R. pKi’s are calculated from at least three independent measurements as 
the mean  SD. 
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The most potent examples from this quinazoline sulfonamide series are compounds 54 

and 58 that both have higher affinity for the H4R than histamine (pKi= 7.92±0.07) and 

thioperamide (pKi= 7.20±0.06) (Fig. 3A). Both compounds were also evaluated in an 

H4R driven CRE-ß-galactosidase reporter gene assay (Fig. 3B). In this assay, histamine 

shows full agonistic behavior (α=1) while thioperamide shows inverse agonistic behavior 

(α=-1). Both 54 and 58 were found to act as inverse agonists with respective pIC50 

values of 7.48±0.14 and 8.00±0.15. The inverse agonism displayed by 54 (α=-0.28) was 

less pronounced than thioperamide whereas the inverse agonism of 58 (α=-1.64) was 

much more pronounced than thioperamide. In vivo anti-inflammatory properties of 

compound 54 were investigated using a carrageenan-induced paw edema model in 

rats.25 It has been shown previously that in this model compounds with affinity for the 

H4R can inhibit the swelling of the paw after chemically-induced inflammation. The 

affinity for the rat H4R of 54 and 58 was found to be 8.81±0.02 (n=2) and 7.00±0.10 

(n=2) respectively with observed inverse agonistic behavior for both 54 and 58. In this in 

vivo model, subcutaneous administration at 30 mg/kg of sulfonamide 54 revealed 

considerable anti-inflammatory activity (Fig. 4).  

 

 

 

 

 

 

Figure 3. Compounds 54 and 58 bind to the hH4R with high affinity as determined by [3H]histamine 
displacement. (A) Quinazolines 54 (α=-0.28) and 58 (α=-1.64) show inverse agonistic behavior in a 
functional assay performed in parallel with H4R agonist histamine and H4R inverse agonist 
thioperamide (B). The α values for histamine and thioperamide have been arbitrarily set at 1 and -1 
respectively. Corresponding pIC50’s values for 54 and 58 are 7.48±0.14 and 8.00±0.15 respectively 
(n=3). 

The observed reduction of edema was significant after both 2 and 4 hours. These 

encouraging results show that the novel sulfonamide compounds described in this 

publication are interesting candidates for further in vivo characterization. 
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Figure 4. Anti-inflammatory effects of compound 54 on paw edema induced by subplantar injection 
of carrageenan (1% in CMC) in rats. Data are expressed as mean  S.E.M. n=6 rats per group. 
Comparisons between control (vehicle) and treated (compound 54) groups were made by the 
unpaired Student’s t test. *P0.05 vs vehicle.  

 

3. Conclusions 

During the optimization of the quinazoline heterocycle that was discovered as a good 

scaffold for high H4R affinity compounds, two alkyl- and aryl sulfonamide analogues 

were synthesized from proprietary building blocks. The quinazoline sulfonamides were 

found to tightly bind to the H4R and a subsequent SAR study of these compounds 

indicated that the sulfonamide moiety is crucial for high H4R affinity. Moreover, the 

sulfonamide moiety appears to be very tolerant to substitution with a variety of aromatic, 

aliphatic or fused ring systems. Subsequently, a QSAR model for the affinity of this new 

series of H4R ligands was developed with good predictive ability for the affinity of 

quinazolines with variations in the sulfonamide moiety. In the course of these studies 

several compounds were discovered with excellent affinity for the H4R in the low 

nanomolar range. Additional pharmacological evaluation of two selected analogues 

revealed that the two analogues that were studied displayed inverse agonism at the 

human H4R. When compound 54, was administered to the rat, it significantly reduced the 

inflammation caused by the injection of carrageenan in the paw, thereby demonstrating 

the in vivo anti-inflammatory property of this promising class of quinazoline H4R inverse 

agonists. 
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4. Experimental Section 

4.1 General remarks  

Chemicals and reagents were obtained from commercial suppliers and were used without further 

purification. 

 

4.2 QSAR 

All computational chemistry work was performed on an AMD Athlon™ 3500+ 2.2GHz, with 2 GB 

RAM using Molecular Operating Environment (MOE, version 2006.08, Chemical Computing Group 

Inc, Canada).17 All structures were built with the builder module of MOE. Conformational analysis 

using the stochastic conformation search algorithm was then performed using the conformational 

import module provided by MOE with no filters and no constraints applied. The conformational 

analysis and energy minimization were performed using stochastic conformation search with an 

RMS gradient of 0.001 Ǻ and iteration limit of 10,000 using the MMFF94 force field.26-28 All non-

quantum chemical descriptors provided within the MOE software were then calculated for the lowest 

energy conformations. The relationship between the H4R pKi and the descriptors of the training set 

was identified by stepwise regression analysis using SPSS 14.0 for Windows. The following 

statistical measures were used: N = number of samples, F-test for quality of fit, r = coefficient of 

correlation, R2 = coefficient of determination and S = standard error of estimation. 

 

4.2 In vitro Pharmacology  

The pKi
’s at the human H4R were determined according to a procedure described in literature.12 

Functional behavior at the H4R determined in the CRE-ß-galactosidase reporter gene assay was 

performed as previously reported.13 

 

4.2 In-vivo pharmacology - Carrageenan-induced edema model  

Determination of the anti-inflammatory activity of compound 54 at 30 mg/kg in the carrageenan 

induced paw edema model for inflammation was performed acoording to a method described in 

literature.25 
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