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Abstract

Pyrroloquinazoline is a privileged chemical scaffold with diverse biological activities. We recently 

described a series of N-3 acylated 1,3-diaminopyrroloquinazolines with potent anticancer 

activities. The N-1 primary amino group in 1,3-diaminopyrroloquinazoline is critical for its 

inhibitory activity against dihydrofolate reductase (DHFR). In order to design out this unnecessary 

DHFR inhibition activity and further expand the chemical space associated with 

pyrroloquinazoline, we removed this N-1 primary amino group. In this report, we describe our 

design and synthesis of a series of N-3 acylated monoaminopyrroloquinazolines. Biological 

evaluation of these compounds identified a naphthamide 4a as a potent anticancer agent (GI50 = 

88-200 nM), suggesting that removing the N-1 primary amino group in 1,3-

diaminopyrroloquinazoline is a useful chemical modification that can be introduced to improve the 

anticancer activity.
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Privileged chemical scaffolds possess specific biological activities against multiple disparate 

targets depending on the unique combination of substitution pattern on the scaffold.1 These 

structures are great starting points to discover small molecule ligands to different classes of 

biomolecules including proteins and nucleic acids.1,2 Perhaps the most prominent member 

among the privileged scaffolds is benzodiazepine which has been shown to present 

numerous biological activities including γ-aminobutyric acid (GABA) receptor 

modulation,3,4 cholecystokinin (CCK) receptor modulation5-7 and apoptosis-inducing 

activity.8,9 In medicinal chemistry, structure-activity relationship (SAR) studies on 

privileged structures are generally highly productive with clearly discernible SAR 

patterns.1,10

We recently became interested in privileged pyrroloquinazoline scaffold to develop potential 

anticancer agents.2,10 7H-Pyrrolo[3,2-f]quinazoline-1,3-diamine (1, Figure 1) was originally 

synthesized as a dihydrofolate reductase (DHFR) inhibitor in the 1970s.11 Over the ensuing 

four decades, derivatives of 1 have been shown to display additional biological activities by 

inhibiting diverse targets including G-protein coupled protease-activated receptors (PARs),12 

protein tyrosine phosphatase 1B (PTP1B)13 and serum paraoxonase (PON).2,14 During this 

period, the chemical space associated with 1 was heavily investigated, most of which 

focused on different alkyl groups of varying hydrophobicity at N-7.2 Recently, we further 

expanded the chemical space associated with 1 through developing a unique suite of 

methods to regioselectively mono-N-acylate the three nucleophilic nitrogens in 1 (i.e. N-1, 

N-3 and N-7) (Figure 1).10 From this focused library of mono-N-acylated 1,3-

diaminopyrroloquinazolines, we found that compounds 2 with an acyl group at N-3 are 

generally more potent than other acylated counterparts as antiproliferative agents in breast 

cancer cells.10 Among these, compound 3 was the most potent inhibitor of MDA-MB-231 

and MDA-MB-468 cell growth with sub-micromolar or low micromolar GI50,10 a 

concentration required to inhibit 50% of the cell growth.

In our previous published report, we showed that compound 3 did not inhibit human DHFR 

although the original compound 1 did so potently.10 This difference was ascribed to the 

presence of a bulky naphthoyl group in 3, which could not be tolerated in the active site of 

DHFR.10 Upon examination of reported DHFR inhibitors,15 virtually all of them contain the 

pharmacophore of 2,4-diaminopyrmidine moiety and the amino group highlighted in 1 
(Figure 1) is always a primary amino group. This primary amino group can form two 

hydrogen bonds with DHFR through the N-H functionality as a hydrogen bond donor.16 

Along this line of analysis, replacement of this amino group with a hydrogen atom would be 

expected to generate compounds devoid of DHFR inhibitory activity. Consistent with this 

hypothesis, replacement of 4-amino group in 2,4-diamino-6,7-diphenylpteridine with a 

hydrogen atom resulted in complete loss of DHFR inhibition.17 Furthermore, this structural 

change is also expected to bring significant changes to the electrostatic potential (ESP) 

surfaces. As models to test this hypothesis, we optimized the structures of acetamides 2b 
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and 4b (Figure 1, R = Me) at the HF/6-31g(d,p) level of theory in Jaguar in Schrödinger 

modeling package. Then the ESP surfaces were calculated from their respective electron 

densities (Figure 2).10 It is obvious that both the sterics and electronics around position 1 of 

the pyrroloquinazoline nucleus are significantly different between 2b and 4b (Figure 2), 

suggesting that this structural change will further enhance the diversity of the chemical 

space belonging to pyrroloquinazoline.2 In this report, we describe the synthesis and 

anticancer potential of a series of such compounds 4.

Our initial strategy to prepare 4 was to couple mono-amino compound 7 with appropriate 

anhydrides or NHS esters (Scheme 1). Therefore, the previously reported compound 510 was 

chlorinated18 with POCl3 to generate 6. Chloride 6 was not stable towards extensive workup 

and it was thus used directly without further purification for reduction by NaBH4 in the 

presence of PdCl2(dppf)•DCM19 to provide monoamine 7 in 16% yield. Direct coupling of 7 
with NHS ester 8 at an elevated temperature (120 °C) yielded 4a in 11% yield. Attempts to 

improve this coupling yield at lower or higher temperatures were unfruitful. While this route 

could provide desired compound 4, the low yields in both the reduction and coupling steps 

prompted us to investigate an alternative route to prepare 4.

A revised synthetic route to 4 is presented in Scheme 2. Intermediate 5 was first coupled to 

an NHS ester (for 9a) or a homoanhydride (for 9b-9f) as described before to give amides 

9.10 The hydroxyl group in 9 was then converted into a hydrogen atom by a sequence of 

chlorination with POCl3 followed by reduction using NaBH4 catalyzed by 

PdCl2(dppf)•DCM to provide desired compounds 4 in reasonable yields (20-37%).20 While 

chlorination of the aliphatic amides 9b-9f was carried out successfully at slightly elevated 

temperatures (70-90 °C), we found that it was necessary to perform chlorination of aromatic 

amide 9a at lower temperature (room temperature) to obtain 4a.

With the newly synthesized compounds 4a-4f in hand, we evaluated their potential activity 

in inhibiting breast cancer cell growth and compared them with the corresponding amines 2 
(Table 1 and Figure 1). Two different breast cancer cell lines MDA-MB-231 and MDA-

MB-468 were used for this purpose. These two cell lines represent triple-negative breast 

cancer (TNBC) cells and this subtype of breast cancer has the worst prognosis among the 

different breast cancer subtypes.21 The cells were incubated with different concentrations of 

the compounds for 72 h. Then the number of remaining viable cells was quantified by the 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) reagent as reported 

previously.22-24 The drug concentrations required for 50% growth inhibition (GI50) were 

calculated from the corresponding dose-response curves and are presented in Table 1. The 

results shown in Table 1 demonstrated that the aliphatic amides 4b-4f are in general not 

potent inhibitors of either cell lines with the exception of 4d, which presented single-digit 

μM activities in both of the cell lines (GI50 = 3.46 ± 1.46 and 2.02 ± 1.10 μM in MDA-

MB-231 and MDA-MB-468, respectively) and was ∼10-fold more potent than 2d. The 

overall weak activity for the aliphatic amides is consistent with the weak activity observed in 

2b-2e (Table 1).10 As reported previously,10 compound 2a, being a naphthamide, was the 

most potent congener in this focused library of compounds. Strikingly, we found that 

compound 4a was even more potent than 2a in both of the cell lines (Table 1 and Figure 3). 
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The GI50 for 4a was 200 ± 170 nM in MDA-MB-231 cells and 80 ± 26 nM in MDA-

MB-468 cells, which represent 5-8-fold improvement over 2a (Figure 3), suggesting that 

aromatic amides of monoaminopyrroloquinazoline may be more favorable than aromatic 

amides of 1,3-diaminopyrroloquinazoline in delivering potent antitumor agents. In this series 

of amides of monoaminopyrroloquinazoline, cLogP or cell-permeability alone is insufficient 

to determine the antiproliferative activities. For example, while the most potent compound 

4a has the highest cLogP value (3.50) (Scheme 2), compound 4f (cLogP = 2.08) was much 

less potent than 4c (cLogP = 1.37) or 4d (cLogP = 1.90).

In conclusion, a series of acylated monoaminopyrroloquinazolines was designed to remove a 

pharmacophore typically present in DHFR inhibitors. These compounds were synthesized in 

a facile and generally applicable strategy of coupling and reduction. The facile synthesis of 

these compounds allowed us to have access to further expanded chemical space associated 

with pyrroloquinazoline.10 Evaluation of the antiproliferative activities of these compounds 

in two breast cancer cell lines revealed that aliphatic amides possess relative weak 

antiproliferative potential. On the other hand, the naphthamide 4a represents a potent 

inhibitor of breast cancer cell growth. These results suggest that aromatic amides of 

monoaminopyrroloquinazoline can be a new class of potential cancer therapeutics.
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Figure 1. 
Chemical structures of 1,3-diaminopyrroloquinazolines 1-3 and acylated 

monoaminopyrroloquinazolines 4.
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Figure 2. 
The electrostatic potential (ESP) surface maps of compounds 2b and 4b. The structures were 

optimized at HF/6-31g(d,p) level of theory implemented in Jaguar (Schrödinger) and the 

ESP was calculated from mapping the electron density data computed at the HF/6-31g(d,p) 

level of theory. The surfaces were normalized from −50 kcal/mol to +50 kcal/mol.
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Figure 3. 
Dose-dependent antiproliferative activity of 2a and 4a in MDA-MB-231 (A) and MDA-

MB-468 cells (B). The cells were incubated with increasing concentrations of compounds 2a 
and 4a for 72 h. Then the number of viable cells was quantified spectrophotometrically by 

the MTT reagent.
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Scheme 1. 
Initial synthesis of 4a. Reagents and conditions: a. 1) POCl3, 90°C, overnight; 2) 

PdCl2(dppf)•DCM, NaBH4, TMEDA, THF, r.t., 16 h; b. DIPEA, DMF, 120 °C.
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Scheme 2. 
Synthesis of compounds 4 by coupling and reduction. Reagents and conditions: a. 

anhydrides or NHS ester 8, DMF, 110 °C, 3 h; b. 1) POCl3, DIPEA, 1,4-dioxane, 70-90 °C, 

overnight (for 4b-4f) or r.t., 4 h (for 4a); 2) PdCl2(dppf)•DCM, NaBH4, TMEDA, THF, r.t., 

16-48 h. cLogP values for 4a-4f were calculated from ChemBioDraw Ultra 12.0.
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Table 1

Antiproliferative activities (GI50, μM) of compounds 2 and 4 in breast cancer cells.a

-R

MDA-MB-231 MDA-MB-468

Series 2b Series 4 Series 2b Series 4

1.60 ± 0.51 0.20 ± 0.17 0.44 ± 0.14 0.088 ± 0.026

Me
(b) 27.17 ± 11.40 >100c 53.54 ± 29.54 >100c

Et
(c) 21.43 ± 9.86 72.84 ± 5.64 24.41 ± 3.33 28.30 ± 7.05

n-Pr
(d) 25.52 ± 9.93 3.46 ± 1.46 27.37 ± 4.52 2.02 ± 1.10

i-Pr
(e) 39.66 ± 22.46 >100c 29.80 ± 8.41 >100c

t-Bu
(f) N/Ad >100c N/Ad >100c

a
The antiproliferative activities of the compounds were assessed using the MTT assay. The cells were incubated with different concentrations of the 

drugs for 72 h. Then the number of viable cells was quantified by the MTT reagent. The GI50s, presented as mean ± SD (standard deviation), were 

calculated from the corresponding dose-response curves in Prism 5.0 using non-linear regression analysis. The SD was calculated from at least two 
independent measurements.

b
The GI50s for series 2 were from ref10.

c
The GI50 was not reached at the highest tested concentration (100 μM).

d
This compound was not assessed.
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