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Abstract

Cdc2-like kinase 1 (CLK1) and dual specificity tgnoe phosphorylation-regulated kinase 1A
(DYRKZ1A) are involved in the regulation of alteriva pre-mRNA splicing. Dysregulation of this
process has been linked to cancer progression emdadegenerative diseases, making CLK1 and
DYRKI1A important therapeutic targets. Here we digcrthe synthesis of new pyrido[3,4-
glquinazoline derivatives and the evaluation of itif@bitory potencies of these compounds toward
CDK5, CK1, GSK3, CLK1 and DYRK1A. Introduction ofrmanoalkylamino groups at the 2-
position resulted in several compounds with low amaalar affinity and selective inhibition of
CLK1 and/or DYRK1A. Their evaluation on several imralized or cancerous cell lines showed
varying degree of cell viability reduction. Co-cigisstructures of CLK1 with two of the most
potent compounds revealed two alternative bindigles of the pyrido[3,4jquinazoline scaffold

that can be exploited for future inhibitor design.
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Introduction

Protein kinases are important cellular targetstf@ development of novel chemical probes and
drugs in many therapeutic areas, including canceurodegenerative disorders, inflammation or
pain therapy. To date, more than five hundred prdtenases have been identified in the human
kinome. All of them share the same co-factor (AT&)d the ATP binding pocket shows high
structural conservation in most of them. Develogimase inhibitors that display selectivity within
the human kinome, therefore, remains a major angdi¢1]. However, as shown by FDA approved
drugs, especially in oncology, absolute selectifatya single kinase is not always needed [2]. As
part of our ongoing efforts toward the developmehpotent and selective kinase inhibitors, we
recently described pyrido[3djquinazolines as inhibitors of Cdc2-like kinased KQ@) and dual
specificity tyrosine phosphorylation-regulated ldea (DYRK1A) [3]. CLK1 and DYRK1Aare
involved in the regulation of alternative pre-mRINglicing via SR-protein phosphorylation, and
dysfunction of this tightly regulated process imk&d to the progression of cancer,
neurodegenerative diseases, and viral infectionS].[/As reported in recent reviews, various
chemical scaffolds could lead to potent DYRK1A amdZLK1 inhibitors [6-9]. We carried out a
structure-activity relationship (SAR) study arouhé tricyclic pyridoquinazoline scaffold. Previous
results demonstrated that the substitution by faitnino groups at the 10-position is essential to
target CLK1 and/or DYRK1A kinases [3]. The introtioa of alkyl/aryl substituents at the 5-
position led to a change in the kinase inhibitiawofile, as 5-substituted derivatives exhibited
improved potencies toward CDK5/GSK3, while CLK1/DKRA inhibition was impaired (Figure
1A) [10]. Since modification of this heteroaromasicaffold resulted in a major change in activity
and selectivity, we decided to further extend thRSstudies on the pyrido[3.dlquinazoline

scaffold by varying the substitution at the 2-posit(Figure 1A).



This work:
Modification of the pyrimidine substituent
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Figure 1. Design strategy for the optimization of pyridefgjjquinazoline-based kinase inhibitors.
A) Structures of pyrido[3,4fjquinazolines identified as CLK1/DYRKZ1A protein kase inhibitors,
highlighting earlier SAR results (blue and red)L[3,and the optimization strategy employed in this
work. B) Structure of the lead compou(i® = NH;, R’ = H) bound to the ATP binding site of
CLK1 (PDB ID: 5J1V). Hydrogen bonds between the poond and CLK1 are shown as dashed

lines.

Results and discussion

Synthesis of compound library

Analysis of the binding mode of the best CLK1/DYRK1linhibitor of the pyrido[3,4-
glquinazolines series showed that the aminopyringidimoiety forms two hydrogen-bonds with the
backbone amine and carbonyl group of Leu244 upaodibhg to CLK1 (Figure 1B). Additionally,
the pyridine nitrogen atom is hydrogen-bonded ®ltixs191 side chain [3]. Our aim was to extend
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this lead compound by adding a series of aminoatkiyio groups at the 2-position to figure out if
this alters the potency or selectivity of the commpas. To confirm the importance of the amino
group at the pyrimidine moiety 2-position in thderaction with the targeted kinases, we first
synthesized presumed inactive analogtiesnd3 missing the 2-amino function, using benzamidine
hydrochloride salt. Compourlwas obtained in 22% yield by reacting isoquinolinevhich was
prepared according to a previously reported proee(B], with benzamidine hydrochloride salt.
The reduction of the nitro group by catalytic hygigoation led quantitatively ®(Scheme 1).

Cl
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2 a NN b NEY
N O,N ! ’ H,oN !
P
N X SN
» »
N N

1 2,22% 3, quant.
O O
N(CH,),Br —° N(CH,),NR, —d . HaoN(CH3)aNR2
Method A, B or C o) Tb-f, h
4n=2
5n=3 6b—f, h—I
n NR; 6 7 8

a 2 NMe;, - = 73%
b 2 NEt, 98% quant. 58%
c 2 morpholin-1-yl 80% 95% 45%
d 2 N-methylpiperazin-1-yl 73% 56% 73%
_(CH,),NR, e 2 piperidin-1-yl quant.  43% 69%
H,N(CH,) NR, e (, PN fo2 pyrrolidin-1-yl 40% 8%  66%
HN™ "NH,H,SO, 9 3 NMe, - - 88%
7a—l 8a—l h 3 NEt, 93% 73% 62%
i 3 morpholin-1-yl 95% 86% 42%
j 3 N-methylpiperazin-1-yl 81% 86% 54%
k 3 piperidin-1-yl 82% 92% 83%
| 3 pyrrolidin-1-yl quant.  51% 74%

* from commercial source

Scheme 1. Synthesis of compound 3 and diversely substituted guanidirges|. Reagents and
conditions: (a) Benzamidine HCI, DMA (b),HPd/C, CHCI,/MeOH 1:1 (c) Method A4 or 5,
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DIPEA, amine, DMF; Method B4 or 5, K,CO;, amine, CHCN: Method C4 or 5, amine, toluene
(d) H:NNH2.H20, EtOH (e)O-methylisourea bisulfate salt,@.

We then condensetl with diversely substituted guanidines in ordemodify the substituent at
position 2. The preparation of guanidines that weot commercially available started from
phthalimidest or 5, which were reacted with various amines to d@bd, h-l in 40% to quantitative
yields (Scheme 1). This step was performed accgrtbnpublished procedures (method A [11],
method B [12], andnethod C [13]). After hydrazinolysis, amin@b-f, h-l were obtained in
acceptable yields (43% to quantitative). Reactibcanmercially available7a, 7g) or prepared
amines {b-f, h-I) with O-methylisourea bisulfate [14] led to the desirecargdines8a-l in
acceptable to good yields (42% to 88%).

Next, different N-substituted-aminopyrimidinesQa-m were obtained by reaction between
isoquinolinel and the guanidine bisulfates. Reactions were padd using KCOs; as a base in
DMA [15] under conventional heating conditions. &lg, the nitro derivatives were reduced to
their amino analoguef0a-m under hydrogen atmosphere to further extend tingpoand library
(Scheme 2).

R 9 10

a (CH,).-NMe, 14% 65%

b (CHa),-NEt, 14%  82%

NHR NHR c (CHa),-morpholin-1-yl 12% 59%

)\ )\ d  (CH,)-N-methylpiperazin-1-yl  15%  64%

s

cl N |N N |N e (CHy),-piperidin-1-yl 30%  44%

OoN CHO O2N H2N f (CHp),-pyrrolidin-1-yl 15%  98%
“ _a . Q _b . N g (CH,):-NMe, 16%  quant.

| | | h (CH,)s-NEt, 19%  86%

— 7 —

N N N i (CHz)s-morpholin-1-yl 24% 51%

1 9a-m 10a—m j (CHy)s-N-methylpiperazin-1-yl ~ 17% 56%

k (CHo)s-piperidin-1-yl 22%  18%

| (CHy)s-pyrrolidin-1-yl 15% 63%

m Me 12%  58%

Scheme 2. Synthesis of compoundda-m and 10a-m. Reagents and conditions: (a) Guanidine
hemisulfate8a-m (8m commercially available ashlorhydrate salt), gCO;, DMA (b) H,, Pd/C,
CH,Cl, or CH,CIl,/MeOH (8:2).

Kinaseinhibition assays



The inhibitory potency toward CDK5/p25, CLK1, DYRK] CK1d/c and GSK-&/f of nitro

derivatives2, 9a-m, amino analogue3, 10a-m, reference® (R = H) andl10 (R = H) was evaluated

(Table 1).

Table 1. Kinase inhibition assays (% residual kinase #gjiv

Kinase inhibition (% residual activity and IC_:,ovaIues)1

Cpds CDK5 CLK1 DYRKIA cK1 GSK3
10 UM 1M 10 UM 1M 10 UM 1M 10 UM 1M 10 uM 1M
2 62 100 17 71 38 100 57 100 100 100
3 65 92 32 68 41 80 51 62 40 85
Ref 9 (R=H) (> 10* nm) (69 nM) (620 nM) (780 nM) (2.2 10° nM)
9%a 52 100 5 22 17 89 36 100 21 70
(62 nM)
9b 79 100 8 46 47 88 78 91 26 74
9 69 100 5 36 20 73 75 93 43 88
9d 77 84 0 32 6 32 38 63 22 69
%e 85 9% 1 42 26 52 37 81 1 39
of 83 100 7 27 29 83 73 92 33 81
9 64 100 3 27 31 84 59 86 24 80
9h 50 100 4 31 23 72 59 87 24 92
9i 60 100 3 14 10 68 38 100 15 76
(120 nM)
9j 48 100 8 22 3 54 32 92 2 59
(133 nM)
9k 53 100 7 16 6 56 34 100 24 76
(125 nM)
9| 50 100 5 37 6 87 37 100 24 78
9m 38 73 2 5 13 39 45 98 51 70
(18 nM)
Ref 10 (R = H) (4.8 10> nM) (41 nM) (28 nM) (5.8 10> nM) (9.1 10°nMm)
10a 86 9% 21 51 32 60 82 78 48 58
10b 40 97 3 31 6 49 60 91 34 73
10c 10 52 4 27 1 17 34 77 24 76
(197 nM)*

10d 55 88 4 21 2 19 70 100 22 44
(210 nM) (120 nM)

10e 76 95 11 44 16 37 52 74 24 43




10f 51 100 4 33 7 54 61 90 29 62
10g 34 77 1 14 1 17 61 96 10 36
(120 nM) (120 nm)
10h 20 68 2 21 2 24 45 68 22 61
(160 nM) (80 M)
10i 23 67 4 20 6 5 24 53 6 41
(290 nMm) (23 nV)
10j 15 49 6 8 1 4 30 61 4 35
(117 nM) (20 nM)
10k 62 100 4 30 4 26 48 76 30 51
10l 44 86 4 26 1 25 23 69 23 50
(90 nM)
3 33 1 9 1 27 60 85 40 79
10m
(274 nm)*

ICe, values were determined when the residual kinathétsiavas < 25% at a compound concentration of 1
MM (given in parentheses). dCvalues for referenced and10 (R = H) as previously reported [3]. Kinase
activities were assayed in triplicate in the presenf 15uM ATP. Typically, the standard deviation of

single data points was below 10%. All assays werfopmed using &P radioassay in the presence of 15
UM ATP (method A), except for the determination lo¢ two 1G, values marked with an asterisk that was

carried out using the ADP-Glo assay in the presehd®uM ATP (method B).

CLK1 and DYRKI1A were generally the most stronghhilited kinases (Table 1). A similar
inhibition profile was already observed for thedeeompound of this series [3]. As expected,
compound®2 and 3, lacking the amino group at the 2-position of gyimidine moiety, did not
exhibit any significant inhibitory effect towarddlfkinases tested. These results are in accordance
with the binding mode of the lead compound for &esies in the co-crystal structure with CLK1
(Figure 1B), showing that the amino group formgdrbgen bond with Leu244 in the hinge region.
All N-2 substituted compounds of the nitf@a{9m) or amino {0a-10m) series were active toward
CLK1 with residual kinase activitiesx 50% when tested at 1M, indicating that the
aminoalkylamino groups at the 2-position did noaiss major steric hindrance within the CLK1
pocket. DYRK1A inhibition, however, was generaldgs$ effective, in particular for the nitro series,
with only 5 derivativesqd, 9e, 9j, 9k, 9m) leading to residual kinase activities around ds0%b6
when tested at M. Thus, several nitro derivatives, particulaBlg, 9i-9k, and9m, exhibited a
better activity toward CLK1. The best selectivitypfiles for CLK1 over DYRK1A were found for
9a bearing a dimethylaminoethyl group aéwh bearing a methyl group, with igvalues against
CLK1 of 62 nM and 18 nM, respectively.



Amino derivativeslOa-10m displayed inhibitory potencies toward both CLKHdnYRK1A in the
micro/submicromolar range, with the notable exaeptof compoundslOi and 10j. Those two
compounds with either a 3-(morpholin-1-yl)propyljogp (@0i) or a 3-N-methylpiperazin-1-
yhpropyl group (0j) were particularly active toward DYRK1A, with dgvalues of 23 nM and 20
nM, respectively, and a more than 5-fold selegtifar DYRK1A over CLK1 (12.6 forl0i, 5.9 for
10j). In comparison, amino analogue referent® R = H, Scheme 2) exhibited lower selectivity
with only 1.5 times better activity toward DYRK1A3][ These results demonstrated an

improvement of selectivity in the amino series.

Biological evaluation in cancer cells

As CLK1 and DYRKZ1A upregulation plays a key role various cancer types, the compounds
exhibiting the best kinase inhibitory potencié€a, (9i, 9j, 9m, 10d, 10g, 10i, 10j, 10l) were
evaluated in hTERT-immortalized retinal pigmenttlegiial (RPE1) cells and four cancer cell lines,
HCT116 (colon carcinoma), MDA-MB231 (breast ademoc®wmma), SH-SY5Y (neuroblastoma),
and U-2 OS (bone osteosarcoma). Cellular activailesgiven as % cell viability at a compound
concentration of 1M compared with control DMSO treated cells (Tab)e Qtaurosporine was
used as a positive control. Treatment with many prmumds resulted in less than 25% of viable
cells after 48 h in comparison to DMSO treatedsgdibth with the non-tumor and tumor cell lines.
Indeed, all compounds were active toward the aadisl tested and induced viability reductions of
more than 50%, except compourgilsO9m and10d on SH-SY5Y cells and a0l on hTERT-RPEL1
and SH-SY5Y cells. The reference compout@ R = H, Scheme 2) as well as three new 10-amino
derivatives,10g, 10i and10j, were particularly active toward all five cell &g, including hTERT-
RPE1, with only 0% to 15% of remaining cellular bilay. This lack of selectivity suggests that

these amino analogues are too toxic to be consigey@otential drug candidates.

Table 2. Effects of pyrido[3,4g]quinazoline-based kinase inhibitors on the vi&pitif cancer and

non-cancer cells.

hTERT-RPE1| HCT116] MDA-MB231  SH-SY5Y U-2 OS
A Viability o o Viability
Compound Viability (%) Viability (%) | Viability (%)
(%) (%)

Ref 10 (R =H) 02+04 1.3+0.0 43.4+0.4 0.9+0.3 0.4 £0Q.
9a 29.2+0.7 13.3 £ 0.8 9.4+0.6 42.7+0.4 3.3&0.

9i 31+3 16.8 £ 0.7 39+1 54 + 271

9j 25.8+0.3 9.7+0.5 11.7+£0.9 36+ 25+0Q.




9m 361 22+1 41.0+0.6 52+2 195+0.6
10d 19.4+0.1 6.1+0.9 21.7+04 62+3 13+1
10g 0+0 00 0.4+0.1 0.0+0.0 0+0
10i 0.0+0.1 0.8+0.1 15+1 3.6+0.9 6.4+0.9
10j 0+0 00 3.6+0.8 0.1+0.1 0.1+001
101 52 +2 21+6 22+1 92.2+0.3 33+2
Staurosporine 9.1+£0.8 27+ 2 3.9+£05 94+0104+04

!Cellular viability (%) at a compound concentratiohn?2 pM after 48 hours compared with untreated cells

Cell viability was assayed in triplicate, and me&aiue + SD are given.

Most interesting compoundSa and9j, were slightly more potent in killing U-2 OS canazlls

than hTERT-RPEL cells, showing that, comparedQ¢R = H), selectivity could be enhanced by
introducing alkyl or aminoalkyl groups on the amigeup at the 2-position of the pyrido[3,4-
glquinazoline scaffold. However, a more detaileddgtof this series cellular effect would be of
valuable interest to evaluate its potential, ad weladditional structural modifications to further

enhance the selectivity of this compound class#oicer cells.

Structural analysis of the binding mode of compounds 9m and 10i in complex with CLK 1

To provide insights into the binding modes of owarino-substituted pyrido[3,glquinazolines,
we determined the crystal structures 9o and 10i in complex with CLK1 at 3.0 and 2.3 A
resolution, respectively. Interestingly, for compdudOi bearing an amino group at the 10-position
and a morpholinopropylamino substituent at the &itmm, we observed two overlapping
alternative binding modes of this highly symmetrio@lecule where the central ring system is
tightly packed between a series of hydrophobic sigens, including Val175, Phe241, Leu295, and
Val324 (Figure 2A/B). In both orientations, a ngem atom of the pyrido[3,glquinazoline
scaffold forms a hydrogen bond with the backborimgen of Leu244 in the hinge region, and a
nitrogen in the distal ring forms a water-mediabtgdrogen bond with the Glu206 side chain in the
back pocket. Details of this interaction networkhe back pocket with corresponding distances are
shown in Figure 2C. The secondary amino group dhiced at C-2 of the tricycle interacts with
either the backbone oxygen of Leu244 (as seerholead compound) or points in the direction of
the Lys191-Glu206 salt bridge, but without formiadditional electrostatic interactions with the
latter. There was no clear electron density to ungaoously model the morpholino group in both
cases, indicating that it is very flexible and does interact with CLK1 in a defined orientation.

This may explain why this compound is less potgairasst CLK1 than against DYRK1A.
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The CLK19m complex was solved in a different crystal form wittree molecules in the
asymmetric unit. There was a preferred binding mofi¢he inhibitor, with the 2-aminomethyl
substituent facing the Lys191-Glu206 salt bridgd packing against the aromatic ring of Phel72
(Figure 2D). In this orientation, the pyridine oigen forms a hydrogen bond with the Leu244
backbone nitrogen in the hinge region (3.0 A distdn The presence of a minor second
conformation, however, cannot be ruled out. Théadse between the Lys191 side chain amine and
the exocyclic nitrogen 0®m is 3.2-3.6 A, and the distance to the proximag ninitrogen of the
pyrimidine is 3.7-3.9 A, just outside the range ligdrogen bonding. It is likely that the compound
also forms a water-mediated hydrogen bond with Gu&nd the backbone nitrogen of Asp325 (as
seen in the CLK1 complex with0i), which could not be unambiguously modelled duéhtlow
resolution of the data set. Overall, this arrangenemables favorable electrostatic interactions in
the back pocket and might be further stabilizedthi@adjacent side chain carboxylate of Asp325,
which is within 4 A distance of the exocyclic nigen. To assess the contribution of the different
side chains or structural waters to stabilizing thinding mode in more detail, a high-resolution
structure would be needed.

Interestingly, the lead compound that formed tlagtisiy point for this SAR study adopts a flipped
orientation where the 2-amino group forms a hydndgend with the backbone oxygen of Leu244,
and the pyridine nitrogen interacts with the LysXdde chain (Figure 1B) [3]. Taken together,
comparison of the new CLK1-inhibitor complexes wilte binding mode of the parent molecule
indicates that the pyrido[3dlguinazoline scaffold can bind in two alternativeieatations,

depending on the nature of the ring substituenitéclwcan be exploited for the design of inhibitors

with improved potency and selectivity.
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Figure 2. Structures of 2-substituted pyrido[3fguinazolines bound to CLK1. (A-B) Crystal
structure of the CLK1:0i complex. CompoundOi bound in two alternative orientations shown as
yellow (A) and green (B) stick models, respectivdParts of the inhibitor that were not clearly
resolved in the crystal structure are shown assprarent sticks. The inset shows a-Efelectron
density map for the modeled inhibitor at a conttmwel of 1.00. Hydrogen bonds between the
inhibitor and the CLK1 hinge region and a water-ratsti contact with Glu206 are highlighted
with dashed lines. (C) Close-up view of the watedmted hydrogen bond in the back-pocket
region of the CLK110i complex. Relevant distances for electrostaticauons are highlighted as
green dashed lines, and the corresponding valeegiwen in A. For clarity, only one conformer is
shown. Distances to the pyrimidine ring nitrogeriref second conformer are given in parentheses.
(D) Crystal structure of the CLK@m complex (chain B). The inset shows a-F& electron density

map for the modeled inhibitor at a contour levellafo. The hydrogen bond of the inhibitor with
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the hinge region is highlighted as a green dashexl To confirm a potential water-mediated
hydrogen bond of one of the pyrimidine nitrogerssphserved in the CLK16i complex, a higher
resolution than the 3.0 A of the current structuoaild be needed.

Conclusion

A new series of pyrido[3,4lquinazolines with diverse substitutions at thea®ipon and either an
amino or a nitro group at the 10-position was sgsited and evaluated against five protein kinases
(CDK5/p25, CLK1, DYRK1A, CKb/e, and GSK-8/B). The results demonstrated that the
aminopyrimidine part is essential to the kinasehibry potency of this series (compoun2isnd

3). The most strongly inhibited kinases were CLKH &Y RK1A, with a better selectivity toward
CLK1 for 10-nitro derivatives9a, 9m), whereas 10-amino derivatives were more selettiward
DYRKZ1A (10i, 10j). Evaluation of the cellular activities of the m@stive compounds revealed
that compound®a and9j are slightly more active toward U-2 OS cancersgedbmpared with a
non-cancer cell line (" TERT-RPEL). Interestinglyustural analysis of the binding modes of two
of the most potent binders showed that they carptadtternative binding modes in the ATP-
binding pocket of CLK1, depending on the subsimtatpattern of the heteroaromatic scaffold.
Taken together our data provide a framework for tleelopment of potent and selective

CLK1/DYRKZ1A inhibitors for potential treatment ofincers and neurodegenerative diseases.

Experimental section

4.1 Chemistry
4.1.1. General
Starting materials were obtained from commercig@pdiers and used without further purification.
Solvents were distilled prior to use. IR spectrareveecorded on a Shimadzu FTIR-8400S
spectrometerv.  in cif). NMR spectra, performed on a Bruker AVANCE 468:(400 MHz,**C:
100 MHz), are reported in ppm using the solvenidied peak as an internal standard; the
following abbreviations are used: singlet (s), detlkd), triplet (t), quadruplet (q), quintet (qthin
doublet of doublet (dd), multiplet (m), broad siffia s). High resolution mass spectra (ESI+) were
determined on a high-resolution Waters Micro Q-apparatus (UCA-Partner, Université Clermont
Auvergne, Clermont-Ferrand, France). Chromatogaphrifications were performed by column
chromatography using 40—63n silica gel. Reactions were monitored by TLC usilugrescent
silica gel plates (60 F254 from Merck). Melting pts were measured on a Stuart SMP3 apparatus
and are uncorrected. The purity of key compoua]®j, 9m, 10i and10; was established to be >
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95% by HPLC analysis using a Hitachi liquid chroogeaph (Oven 5310, 30 °C; Pump 5160;
DAD detector 5430) and a C18 Acclaim column (4.6 mr@50 mm, 5um, 120 A). Detection
wavelength was 240 nm for nitro derivative/280 nom &mino analogues, and flow rate 0.5
mL/min. Gradient elution used (A) water/0.1% TFA;) @cetonitrile: 95:5 A/B for 5 min then 95:5
A/B to 5:95 A/B in 25 min and then 5:95 A/B for hin.

4.1.2 10-Nitro-2-phenyl pyrido[ 3,4-g] quinazoline (2)

A suspension of compourtd (50 mg, 0.21 mmol) and benzamidine hydrochloriéé ng, 0.42
mmol) in DMA (2 mL) was degassed with argon for8th then heated at 75 °C (oil bath) for a
total time of 2 h. After completion of the reactjdatOAc was added. The resulting slurry was
filtered on a pad of Celite and washed with EtOMee organic layer was washed with water and
brine, dried (MgS@) and the volatiles were removed under reducedspres The residue was
purified twice by flash chromatography using fiystEtOAc/cyclohexane (7:3) and secondly
CH.CI,/AcOEt (1:1), yielding compoun@ (14 mg, 0.046 mmol, 22%) as a light brown-yellow
powder. Mp > 260 °C; R= 0.2 (EtOAc/Cyclohexane 7:3). IR (ATR): 1627, 459565, 1525,
1425, 1381, 1293, 1271, 1148 tntH NMR (400 MHz, DMSOds) 57.60 — 7.71 (3H, m), 7.89
(1H, d,J = 6.3 Hz), 8.56 — 8.63 (2H, m), 8.78 (1H,Jd; 6.3 Hz), 9.53 (1H, s), 9.89 (1H, #I= 1.1
Hz), 10.23 (1H, s)}*C NMR (100 MHz, DMSOds): Not recorded due to low solubility. HRMS
(ESI+) calcd for GH11N4O, (M+H)* 303.0876, found 303.0879.

4.1.3 2-Phenylpyrido[ 3,4-g] quinazolin-10-amine (3)

To a solution of 11 mg (0.036 mmol) of compouddn 4 mL of CHCl,/MeOH 1:1 at room
temperature was added 2 mg of Pd/C. The suspensisrstirred under 1 atm of;kh the dark at
room temperature overnight. After filtration oveelfe in a Pasteur pipette, washing with £CiH
and concentration, compourdd(9.7 mg, 0.036 mmol, quant. yield) was isolatethwiit further
purification as a dark red powder. Mp: degradatin; 0.25 (EtOAc/Cyclohexane 7:3). IR (ATR):
3420-2602, 1623, 1591, 1541, 1405, 1362 cthl NMR (400 MHz, DMSOeg) & 7.39 (2H, br s,
NH,), 7.55-7.60 (3H, m), 7.99 (1H, s), 8.28 (1HJd; 6.4 Hz), 8.38 (1H, d] = 6.4 Hz), 8.78 (2H,
dd,J = 9.6 Hz,J = 1.6 Hz), 9.43 (1H, s), 9.81 (1H, $fC NMR (100 MHz, DMSOds) 5 111.1,
115.9 (CHrom), 128.3 (2CHwom), 128.7 (2CHiom), 130.6, 139.8, 154.8, 163.4 (Ghh), 114.9,
122.4, 127.5, 132.3, 137.5, 141.6, 156.1.df HRMS (ESI+) calcd for GHisNs (M+H)"
273.1135, found 273.1135.
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4.1.4 2-(2-N,N-Diethylaminoethyl)-1H-isoindole-1,3(2H)-dione (6b): prepared according to method
C [13] in 98% yield as an orange yellow solid. M@-45 °C; R= 0.1 (EtOAc/cyclohexane 1:2). IR
(ATR): 2967, 2809, 1706, 1434, 1386 tmH NMR (400 MHz, DMSOss) & 0.86 (6H, t,J = 7.2
Hz), 2.44 (4H, q) = 7.2 Hz), 2.59 (2H, t) = 6.8 Hz), 3.63 (2H, t) = 6.8 Hz), 7.81-7.88 (4H, m);
3C NMR (100 MHz, DMSOds) & 12.0 (2CH), 35.8 (CH), 46.6 (2CH), 49.5 (CH), 123.0
(2CHaron), 134.4 (2CHron), 131.6 (2Grom), 167.9 (2CO).

4.1.5 2-(2-Mor pholin-4-ylethyl)-1H-isoindole-1,3(2H)-dione (6¢): prepared according to method A
[11] in 80% yield as a beige solid. Mp: 139-140 R+ 0.15 (EtOAc/cyclohexane 1:2). IR (ATR):
2792, 1703, 1436, 1395 ¢m'H and *C NMR spectra were in accordance with publishea dat
[11].

4.1.6 2-(2-(N-Methylpiperazin-4-yl)ethyl)-1H-isoindole-1,3(2H)-dione (6d): prepared according to
method B [12] in 73% yield as yellow oil. Rf = 0.1 (EtOAc/cyclohexane 1:2). IR (ATR): 2946,
2796, 1702, 1437, 1400 ¢ém'H NMR (400 MHz, DMSOdg) 8 2.09 (3H, s), 2.20-2.25 (4H, m),
2.27-2.40 (4H, m), 2.51 (2H, 3,= 5.2 Hz), 3.68 (2H, t) = 5.2 Hz), 7.81-7.89 (4H, mj>*C NMR
(100 MHz, DMSO#€s) & 45.7 (CH), 35.0 (CH), 52.5 (2CH), 54.7 (2CH), 55.1 (CH), 123.0
(2CHarom), 134.4 (2CHron), 131.6 (2Grom), 167.8 (2CO).

4.1.7 2-(2-Piperidinylethyl)-1H-isoindole-1,3(2H)-dione (6€): prepared according to method B [12]
in a quantitative yield as a brown solid. Mp: 75-%; R = 0.1 (EtOAc/cyclohexane 1:2). IR
(ATR): 2945, 1704, 1436, 1396 &m'H NMR (400 MHz, DMSO€g) & 1.31-1.42 (6H, m), 2.34-
2.37 (4H, m), 2.47 (2H, 1] = 5.2 Hz), 3.68 (2H, t) = 5.2 Hz), 7.81-7.89 (4H, m}*C NMR (100
MHz, DMSO-ds) 6 23.9 (CH), 25.6 (2CH), 35.1 (CH), 53.9 (2CH), 55.8 (CH), 123.0 (2CHom,
134.4 (2CHom), 131.6 (2Grom), 167.8 (2CO).

4.1.8 2-(2-Pyrrolidinylethyl)-1H-isoindole-1,3(2H)-dione (6f): prepared according to method C [13]
in 40% vyield as a pale yellow solid. Mp: 101-102; & = 0.3 (CHCIy/EtOH/EgN 9:1:1). IR
(ATR): 2976, 2792, 1702, 1442, 1390 tmiH NMR (400 MHz, DMSOdg) 5 1.61-1.64 (4H, m),
2.44-2.48 (4H, m), 2.63 (2H, d,= 6.8 Hz), 3.68 (2H, 1) = 6.8 Hz), 7.82-7.87 (4H, m}*C NMR
(100 MHz, DMSOsg) & 23.1 (2CH), 36.7, 53.2 (ChH), 53.5 (2CH), 123.0 (2CHwon), 134.4
(2CHarom), 131.6 (2Grom), 167.8 (2CO).
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4.1.9 2-(3-Diethylaminopropyl)-1H-isoindole-1,3(2H)-dione (6h): prepared according to method C
[13] in 93% vyield. Mp andH NMR data were in accordance with published da€].[IR (ATR):
2968, 2805, 1705, 1394, 1366 ¢tnt*C NMR (100 MHz, DMSOdg) 6 11.5 (2CH), 25.4, 36.1
(CH,), 46.1 (2CH), 50.0 (CH), 122.9 (2CHion), 134.3 (2CHrom), 131.7 (2Gron), 167.9 (2CO).

4.1.10 2-(3-Morpholinyl propyl)-1H-isoindole-1,3(2H)-dione (6i): prepared according to method A
[11] in 95% vyield as a brown oil.;R 0.1 (EtOAc/cyclohexane 1:1). IR (ATR): 2954, 281302,
1395, 1361 cil. *H NMR (400 MHz, DMSOdg) 8 1.73 (2H, quint) = 6.8 Hz), 2.21-2.23 (4H, m),
2.30 (2H, tJ = 6.8 Hz), 3.32-3.41 (4H, m), 3.64 (2HJt= 6.8 Hz), 7.82-7.88 (4H, m}*C NMR
(100 MHz, DMSO#) & 24.0, 36.2 (Ch), 53.2 (2CH), 56.0 (CH), 66.0 (2CH), 122.9 (2CH:on),
134.2 (2CHrom), 131.8 (2Grom), 168.0 (2CO).

4.1.11 2-(3-(N-Methylpiperazin-4-yl)propyl)-1H-isoindole-1,3(2H)-dione (6j): prepared according
to method B [12]n 81% vyield as a brown solid. Mp: 62-63 °G.=R0.1 (EtOAc/cyclohexane 1:1).
IR (ATR): 2933, 2805, 1706, 1392, 1359 tmH NMR (400 MHz, DMSO€g) 5 1.72 (2H, quint,)

= 6.8 Hz), 1.97 (3H, s), 1.98-2.32 (8H, m), 2.2Bi(2 J = 6.4 Hz), 3.63 (2H, t) = 6.8 Hz), 7.82-
7.88 (4H, m):"*C NMR (100 MHz, DMSOdg): 45.6 (CH), 24.1, 36.4 (Ch), 52.6 (2CH), 54.4
(2CHy), 55.7 (CH), 123.0 (2CHronm), 134.2 (2CHrom), 132.0 (2Grom), 168.0 (2CO).

4.1.12 2-(3-Piperidinylpropyl)-1H-isoindole-1,3(2H)-dione (6k): prepared according to method A
[11] in 82% yield. Mp,’H and**C NMR were in accordance with published data [Ff]= 0.1
(EtOAc/cyclohexane 1:1). IR (ATR): 2932, 2771, 169395 cn.

4.1.13 2-(3-Pyrrolidinyl propyl)-1H-isoindole-1,3(2H)-dione (61): prepared according to method B
[12] in quantitative yield as a brown oil; R 0.1 (EtOAc/cyclohexane 1:1). IR (ATR): 2959, 279
1706, 1394, 1366 cth 'H NMR (400 MHz, DMSOsdg) & 1.48-1.52 (4H, m), 1.73 (2H, quint,=
6.8 Hz), 2.28-2.35 (4H, m), 2.40 (2HJt= 6.8 Hz), 3.63 (2H, t) = 6.8 Hz), 7.81-7.88 (4H, m}°C
NMR (100 MHz, DMSOdg) 5 22.9 (2CH), 26.7, 36.2, 53.2 (CH, 53.4 (2CH), 122.8 (2CHron),
134.2 (2CHom), 131.8 (2Grom), 168.0 (2C0O).

General proceduresfor the prepar ation of compounds 7b-f and 7h-|.

To a solution of compounddb-I (9.15 mmol) in 30 mL EtOH was added hydrazine ninydoate

(36.6 mmol; 4 eq.) and the mixture was vigorousiyresd under reflux for 24 h. The white solid
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was filtered off and washed with EtOH. Filtrate wamcentrated under vacuum to dryness and
taken up with EtOAc. The solid residue was filteegghin and filtrate was concentrated in vacuo to
afford the desired product®-7I. NH, signals are missing for all compoundskhNMR spectra.

4.1.14 2-(N,N-(Diethylamino))ethanamine (7b): brown orange oil obtained in quantitative yidi.
(ATR): 3368-2500, 1445, 1371, 1068 ¢mtH NMR (400 MHz, DMSOdg) & 0.93 (6H, tJ = 7.2
Hz), 2.34 (2H, tJ = 6.8 Hz), 2.43 (4H, q) = 7.2 Hz), 2.53 (2H, t) = 6.8 Hz);**C NMR (100
MHz, DMSO-ds) 3 11.9 (2CH), 39.7 (CH), 46.7 (2CH), 56.0 (CH).

4.1.15 2-Morpholin-4-ylethanamine (7c): orange oil obtained in 95% yieltH, *C NMR and mass
spectra were in accordance with published data [RIATR): 3568-2579, 1456, 1274, 1113 ¢m

4.1.16 2-(N-methyl piperazin-1-yl)ethanamine (7d): orange oil obtained in 56% yield. NMR spectra
were in accordance with published data [18,19KARR): 3631-2394, 1462, 1286, 1148 ¢m

4.1.17 2-(Piperidin-1-yl)ethanamine (7€): orange oil obtained in 43% vyield. IR (ATR): 358600,
1443, 1307, 1098 cth 'H NMR (400 MHz, DMSO€g) & 1.33-1.38 (2H, m), 1.44-1.51 (4H, m),
2.22 (2H, tJ = 6.4 Hz), 2.24-2.32 (4H, m), 2.58 (2H,)t= 6.8 Hz):**C NMR (100 MHz, DMSO-
de) 8 24.2 (CH), 25.6 (2CH)), 38.8 (CH), 54.3 (2CH), 61.9 (CH).

4.1.18 2-(Pyrrolidin-1-yl)ethanamine (7f): orange oil obtained in 82% vyield. IR (ATR): 352900,
1462, 1305, 1141 cth 'H NMR (400 MHz, DMSOsg) & 1.63-1.67 (4H, m), 2.37 (2H, d,= 7.2
Hz), 2.36-2.41 (4H, m), 2.59 (2H,1,= 7.2 Hz);**C NMR (100 MHz, DMSOds) & 23.1 (2CH),
40.7 (CH), 53.7 (2CH), 59.2 (CH).

4.1.19 3-(N,N-Diethylamino)propanamine (7h): yellow oil obtained in 73% yield. IR (ATR): 3395-
2710, 1467, 1381, 1202, 1069 ¢mH NMR (400 MHz, DMSO¢g) 6 0.92 (6H, tJ=7.2 Hz), 1.42
(2H, quint,d = 7.2 Hz), 2.36 (2H, t) = 7.2 Hz), 2.41 (4H, t) = 7.2 Hz), 2.52 (2H, t) = 6.8 Hz);
%C NMR (100 MHz, DMSOdg) 3 11.8 (2CH), 30.8, 40.1 (Ch), 46.3 (2CH), 50.2 (CH).

4.1.20 3-(Morpholin-4-yl)propanamine (7i): brown oil obtained in 86% vyield. IR (ATR): 3579-
2618, 1448, 1307, 1271, 1113 ¢mH NMR (400 MHz, DMSOds) 8 1.47 (2H, quint]) = 7.2 Hz),
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2.27 (2H, t,J = 7.2 Hz), 2.25-2.32 (4H, m), 2.53 (2HJt= 7.2 Hz), 3.55 (4H, t) = 4.4 Hz);®*C
NMR (100 MHz, DMSOdg) 8 53.5 (3CH), 56.2 (CH), 66.3 (3CH).

4.1.21 3-(N-Methylpiperazin-1-yl)propanamine (7j): brown oil obtained in 86% vyield. IR (ATR):
3461-2395, 1448, 1283, 1163 ¢nfH NMR (400 MHz, DMSOds) & 1.45 (2H, quint,) = 5.6 Hz),
2.13 (3H, s), 2.23-2.45 (8H, m), 2.26 (2HJt 5.6 Hz), 2.52 (2H, t) = 5.2 Hz);**C NMR (100
MHz, DMSO-<s) 5 45.8 (CH), 30.3, 40.0 (Ch), 52.8 (2CH), 54.8 (2CH), 55.8 (CH).

4.1.22 3-(Piperidin-1-yl)propanamine (7k): light brown oil obtained in 92% yield. Data in
accordance witHH and**C NMR spectra already described [1R. (ATR): 3457-2511, 1561,
1468, 1442, 1304, 1156 ¢m

4.1.23 3-(Pyrrolidin-1-yl)propanamine (71): brown orange oil obtained in 51% vyield. IR (ATR):
3500-2579, 1591, 1460, 1350, 1141triH NMR (400 MHz, DMSO¢) 6 1.48 (2H, quint) = 7.2
Hz), 1.60-1.70 (4H, m), 2.30-2.43 (6H, m), 2.54 (2H = 7.2 Hz);™*C NMR (100 MHz, DMSO-
de)  23.0 (2CH), 32.5, 40.1, 53.6 (CH, 53.7 (2CH).

Svynthetic procedures for the preparation of compounds 8a-l.

To a solution of primary aminega-l (2 eq) in water (0.5 mol/L) was addé&tmethylisourea

bisulfate (1 eq). Solution was stirred at 100 °€CZ4 h. After concentration to dryness, ethanol was
added and the residue was sonicated until appanitica precipitate. In some difficult cases, the
suspension in ethanol was stored overnight in ezée and triturated with cold ethanol to get a
powder. Addition of a few drops of diethylether watso occasionally needed to induce
precipitation. The solid8a-I were collected by filtration, washed with ethanaol dried overnight

under vacuum. Due to the hygroscopicity of isolatelids, no melting points were determined for

these series. NH signals are missing for all competun*H NMR spectra.

4.1.24 1-(2-(N,N-Dimethylamino)ethyl)guanidine (8a): obtained as white powder in 73% yieldR
(ATR): 3500-2344, 1694, 1637, 1480, 1061t NMR (400 MHz, CROD/D,O 9:1) 6 2.92
(6H, s), 3.36 (2H, tJ = 6.0 Hz), 3.66 (2H, tJ = 6.0 Hz);**C NMR (100 MHz, CROD/D,0 9:1)3
44.0 (2CH), 37.5, 56.7 (Ch), 158.3 (C).
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4.1.25 1-(2-(N,N-Diethylamino)ethyl)guanidine (8b): obtained as a white powder %8% yield. IR
(ATR): 3434-2342, 1620, 1396, 1028 tntH NMR (400 MHz, CROD/D,0 9:1)5 1.33 (6H, tJ
= 7.2 Hz), 3.23 (4H, q] = 7.2 Hz), 3.33 (2H, t) = 6.4 Hz), 3.67 (2H, tJ = 6.4 Hz);**C NMR (100
MHz, CD;OD/D,0 9:1)5 9.0 (2CHy), 37.6 (2CH), 38.5 (CH), 51.7 (CH), 158.7 (C).

4.1.26 1-(2-(Morpholin-1-yl)ethyl)guanidine (8c): obtained as a beige powder in 45% vyield. IR
(ATR): 3552-2368, 1408, 1019 ¢m'H NMR (400 MHz, CROD/D,O 9:1)3 2.75-2.85 (4H, m),
2.93 (2H, t,J = 6.4 Hz), 3.22 (2H, t) = 6.4 Hz), 3.83 (4H, t) = 4.8 Hz);**C NMR (100 MHz,
CDs0D/D,0 9:1)5 36.4 (CH), 53.9 (2CH), 55.5 (CH), 66.9 (2CH), 158.4 (C).

4.1.27 1-(2-(N-Methyl pi perazin-1-yl )ethyl )guanidine (8d): obtained as a white powder in 73% vyield.
IR (ATR): 3447-2197, 1682, 1624, 1458, 1038%ciH NMR (400 MHz, CROD/D,0O 9:1)0 2.73-
2.79 (4H, m), 2.87 (3H, s), 2.86-2.93 (4H, m), 3338 (4H, m);*C NMR (100 MHz,
CD;0OD/D,0 9:1)8 44.0 (CH), 39.5 (2CH), 50.7 (CH), 54.5 (2CH), 56.3 (CH), 158.6 (C).

4.1.28 1-(2-(Piperidin-1-yl)ethyl)guanidine (8e): obtained as a white powder in 69% vyielR
(ATR): 3553-2237, 1687, 1626, 1457, 1038 tiH NMR (400 MHz, CROD/D,0 9:1) & 2.00-
2.42 (6H, m), 2.84-3.75 (4H, m), 3.36 (4HJt 6.4 Hz);**C NMR (100 MHz, CROD/D,O 9:1)5
23.9 (2CH), 26.1, 39.4, 53.2 (CH}, 55.1 (2CH), 158.3 (C).

4.1.29 1-(2-(Pyrrolidin-1-yl)ethyl)guanidine (8f): obtained as a white powder in 66% vyield. IR
(ATR): 3553-2237, 1633, 1407, 1034 ¢mH NMR (400 MHz, CROD/D,0 9:1)56 2.10-2.13 (4H,
m), 3.31-3.44 (4H, m), 3.55 (2H, 1,= 6.4 Hz), 3.66 (2H, tJ = 6.0 Hz);*C NMR (100 MHz,
CD;0OD/D,0 9:1)823.9 (2CH), 38.6 (CH), 49.2 (2CH)), 55.4 (CH), 158.5 (C).

4.1.30 1-(3-(N,N-Dimethylamino)propyl)guanidine (8g): obtained as a white powder in 88% vyield.
IR (ATR): 3605-2395, 1678, 1629, 1485, 1075critH NMR (400 MHz, CROD/D,O 9:1)3 2.06
(2H, quint,J = 8.0 Hz), 2.89 (6H, s), 3.20 (2H,)t= 8.0 Hz), 3.32 (2H, t, under solvent signafg
NMR (100 MHz, CROD/D,0 9:1)3 43.7 (2CH), 24.8, 39.2, 55.9 (C#j} 158.1 (C).

4.1.31 1-(3-(N,N-Diethylamino)propyl)guanidine (8h): obtained as a white powder in 62% yield. IR
(ATR): 3498-2395, 1689, 1637, 1483, 1038 trfH NMR (400 MHz, CROD/D,O 9:1)5 1.31

(6H, t,J = 7.2 Hz), 1.98-2.08 (2H, m), 3.15-3.26 (2H, mRB(4H, q,J = 7.2 Hz), 3.28-3.33 (2H,
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m); *C NMR (100 MHz, CROD/D,O 9:1)5 9.0 (2CH), 24.3, 39.4 (Ch), 48.1 (2CH), 50.2
(CH,), 158.2 (C).

4.1.32 1-(3-(Morpholin-1-yl)propyl)guanidine (8i): obtained as a beige powder in 42% vyield. IR
(ATR): 3605-2184, 1684, 1633, 1480, 1042 tiH NMR (400 MHz, CROD/D,0 9:1) & 2.00-
2.18 (2H, m), 3.18-3.55 (8H, m), 3.89-4.07 (4H, M NMR (100 MHz, CROD/D,0 9:1)3 23.8,
39.3 (CH), 52.9 (2CH)), 55.3 (CH), 64.9 (2CH), 158.3 (C).

4.1.33 1-(3-(N-Methylpiperazin-1-yl)propyl)guanidine (8j): obtained as a white powder in 54%
yield. IR (ATR): 3433-2574, 1685, 1641, 1474, 1@27". *H NMR (400 MHz, CROD/D,0O 9:1)4
1.86 (2H, quint]) = 7.2 Hz), 2.64-2.72 (2H, m), 2.75 (3H, s), 2.7823(8H, m), 3.25 (2H, ] = 7.2
Hz); *C NMR (100 MHz, CROD/D,O 9:1) 8 44.1 (CH), 25.8 (CH), 39.9 (2CH), 51.0, 53.8
(CH,), 54.8 (2CH), 158.2 (C).

4.1.34 1-(3-(Piperidin-1-yl)propyl)guanidine (8k): obtained as a white powder in 83% yield. IR
(ATR): 3316-2737, 1680, 1629, 1389, 1028 tiH NMR (400 MHz, CROD/D,0 9:1)5 1.71-
2.00 (6H, m), 2.07 (2H, quint, J = 7.2 Hz), 2.898(2H, m), 3.12-3.17 (2H, m), 3.29 (2H, t, J =
7.2 Hz), 3.46-3.59 (2H, m)’°C NMR (100 MHz, CROD/D,0 9:1)d 22.4 (CH), 23.9 (2CH),
24.2, 39.4 (Ch), 54.3 (2CH), 55.0 (CH), 158.1 (C).

4.1.35 1-(3-(Pyrrolidin-1-yl)propyl)guanidine (8l): obtained as a white powder in 74% vyield. IR
(ATR): 3552-2118, 1674, 1632, 1479, 1027t NMR (400 MHz, CROD/D,0O 9:1) 6 1.45-
1.80 (2H, m), 1.60-2.34 (4H, m), 2.69-3.78 (6H, B1§9 (2H, tJ = 6.4 Hz);**C NMR (100 MHz,
CD;0D/D,0 9:1) 22.5 (CH), 23.8 (2CH), 37.0 (CH), 54.7 (2CH), 56.1 (CH), 158.4 (C).

Synthetic procedurefor the preparation of compounds 9a-m.

To a solution of previously described compoun0 mg, 0.211 mmol, 1.1 eq) in 0.8 mLM{N-
dimethylacetamide were successively added the dumunin salts8a-m (1 eq) and potassium
carbonate (87 mg, 0.633 mmol, 3.3 eq). The suspengas heated at 70 °C for 25 to 150 min.
Reaction mixture was filtered over Celite and wakshath EtOAc. After evaporation of the
solvents, the crude residue was purified by colelmomatography using a mixture of &E,/NH3

7N solution in MeOH from 98:2 to 96:4.

For each compound, two rotamers are observed by KMRnly the major one is described.
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4.1.36 N-(2-(N,N-Dimethylamino)ethyl)-10-nitropyrido[ 3,4-g] quinazolin-2-amine (9a): 90 min
reaction time, obtained as an orange yellow powdet4% vyield. Mp: 224-225 °C; R= 0.35
(CH.CI/NH3 7N solution in MeOH 96:4). IR (ATR): 3266-2359,815 1521, 1342, 1186 chH
NMR (400 MHz, DMSOe€g) 6 2.22 (6H, s), 2.45-2.55 (2H, m, under solvent aigr8.46-3.52 (2H,
m), 7.57 (1H, dJ = 6.0 Hz), 8.51 (1H, t) = 6.4 Hz, NH), 8.58 (1H, d] = 6.4 Hz), 8.98 (1H, s),
9.535 (1H, s), 9.543 (1H, sJ°C NMR (100 MHz, DMSOds) 3 44.8 (2CH), 38.5, 57.1 (Ch),
112.3, 134.3, 146.3, 155.0, 165.1 (H), 119.9, 122.0, 128.7, 136.5, 141.3, 159.54% HRMS
(ESI+) calcd for GsH17NeO2 (M+H)" 313.1413, found 313.1405. HPLC: purity > 96%6; 240 nm,
tr = 18.5 min.

4.1.37 N-(2-(N,N-Diethylamino)ethyl)-10-nitropyrido[ 3,4-g] quinazolin-2-amine (9b): 25 min
reaction time, obtained as an orange yellow powdet4% yield. Mp: 134-135 °C; {R= 0.35
(CH.CI>/NH3 7N solution in MeOH 96:4). IR (ATR): 3447-2342,8/ 1525, 1355 cth *H NMR
(400 MHz, DMSO#€) 50.97 (6H, t,J = 6,8 Hz), 2.40-2.78 (6H, m), 3.40-3.47 (2H, mpB6&7(1H,
d,J = 6.4 Hz), 8.49 (1H, t) = 6.4 Hz, NH), 8.58 (1H, dl = 6.4 Hz), 8.98 (1H, s), 9.53 (1H, s), 9.54
(1H, s);**C NMR (100 MHz, DMSQdg) 3 11.9 (2CH), 1CH, under solvent signal, 46.8 (26
50.6 (CH), 112.3, 134.2, 146.2, 155.0, 165.0 ({kH), 119.9, 122.0, 128.7, 136.5, 141.4, 159.5
(Carom). HRMS (ESI+) caled for GHoiNeO, (M+H)* 341.1721, found 341.1712.

4.1.38 N-(2-Morpholinoethyl)-10-nitropyrido[ 3,4-g] quinazolin-2-amine (9c): 140 min reaction
time, obtained as an orange powder in 12% yield: 211-212 °C; R= 0.25 (acetone). IR (ATR):
3595-2543, 1584, 1527, 1361, 1304, 1113'cthl NMR (400 MHz, DMSOdg) & 2.41-2.58 (6H,
m), 3.50 (2H, tJ = 6.4 Hz), 3.54 (4H, t) = 4.4 Hz), 7.57 (1H, dJ = 6.4 Hz), 8.52 (1H, t} = 5.6
Hz, NH), 8.58 (1H, dJ = 6.0 Hz), 8.98 (1H, s), 9.537 (1H, s), 9.543 (314 °C NMR (100 MHz,
DMSO-dg) 8 37.9 (CH), 53.3 (2CH), 56.7 (CH), 66.2 (2CH), 112.3, 134.3, 146.3, 155.0, 165.1
(CHaron), 119.9, 122.0, 128.7, 136.5, 141.4, 159.5% HRMS (ESI+) calcd for GHigNsOs
(M+H)* 355.1513, found 355.1508.

4.1.39 N-(2-(N-Methylpiperazin-1-yl)ethyl)-10-nitropyrido[ 3,4-g] quinazolin-2-amine (9d): 45 min
reaction time, obtained as an orange yellow powdel5% vyield. Mp: 177-178 °C; {R= 0.20
(CH2Clo/NH3 7N solution in MeOH 96:4). IR (ATR): 3355-2158,8% 1523, 1347, 1153 ¢l'H
NMR (400 MHz, DMSOeg) 6 2.12 (3H, s), 2.20-2.55 (8H, m), 2.54 (2H) & 7.2 Hz), 3.46-3.52
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(2H, m), 7.57 (1H, dJ = 6.0 Hz), 8.48 (1H, t] = 6.0 Hz, NH), 8.58 (1H, d] = 6.0 Hz), 8.98 (1H,
s), 9.53 (1H, s), 9.54 (1H, s¥C NMR (100 MHz, DMSOds) & 45.7 (CH), 38.3 (CH), 52.6

(2CHy), 54.7 (2CH), 56.2 (CH), 112.4, 134.3, 146.3, 155.0, 165.1 (K, 119.9, 122.0, 128.7,
136.5, 141.4, 159.5 (&n). HRMS (ESI+) calcd for GHaN-O, (M+H)* 368.1830, found
368.1826.

4.1.40 N-(2-(Piperidin-1-yl)ethyl)-10-nitropyrido[ 3,4-g] quinazolin-2-amine (9e): 45 min reaction
time, obtained as an orange powder in 30% vyield: Wg5-126 °C; R= 0.20 (CHCI,/NH3 7N
solution in MeOH 96:4). IR (ATR): 3421-2355, 158%25, 1342, 1123 chH NMR (400 MHz,
DMSO-dg) & 1.34-1.38 (2H, m), 1.41-1.50 (4H, m), 2.25-2.681,(6n), 3.46-3.52 (2H, m), 7.57
(1H, d,J = 6.0 Hz), 8.48 (1H, t) = 6.0 Hz, NH), 8.58 (1H, d] = 6.0 Hz), 8.98 (1H, s), 9.53 (1H,
s), 9.54 (1H, s)*C NMR (100 MHz, DMSOdg) & 24.0 (CH), 25.6 (2CH), 53.6 (CH), 54.1
(2CHp), 56.9 (CH), 112.3, 134.2, 146.3, 155.0, 165.0 (fH, 119.9, 122.0, 128.8, 135.4, 141.4,
159.5 (Gron). HRMS (ESI+) calcd for GH21NgO> (M+H)* 353.1721, found 353.1729.

4.1.41 N-(2-(Pyrrolidin-1-yl)ethyl)-10-nitropyrido[ 3,4-g] quinazolin-2-amine (9f): 25 min reaction
time, obtained as an orange powder in 15% yield: M8-159 °C; R= 0.20 (CHCI,/NH3; 7N
solution in MeOH 96:4).IR (ATR): 3434-2342, 158%24, 1346, 1151 cth *H NMR (400 MHz,
DMSO-dg) 3 1.60-1.75 (4H, m), 2.40-2.60 (6H, m, under solvsighal), 3.46-3.54 (2H, m), 7.57
(1H, d,J = 6.4 Hz), 8.55 (1H, t) = 6.8 Hz, NH), 8.58 (1H, d] = 6.0 Hz), 8.98 (1H, s), 9.536 (1H,
s), 9.544 (1H, s)**C NMR (100 MHz, DMSOdg) & 23.2 (2CH), 1 CH, under solvent signal, 53.6
(2CH,), 54.0 (CH), 112.3, 134.3, 146.3, 155.0, 165.1 (RH), 119.9, 122.0, 128.8, 136.5, 141.4,
159.5 (Grom). HRMS (ESI+) calcd for GH1gNgO, (M+H)* 339.1564, found 339.1557.

4.1.42 N-(3-(N,N-Dimethylamino)propyl)-10-nitropyrido[ 3,4-g] quinazolin-2-amine (9g): 45 min
reaction time, obtained as an orange yellow powdel6% vyield. R = 0.15 (CHCI,/NH3; 7N

solution in MeOH 97:3). Mp: 136-137 °C; IR (ATR)385-2453, 1586, 1521, 1355, 1294 trtH

NMR (400 MHz, DMSO€g) 6 1.74 (2H, quint]) = 7.2 Hz), 2.14 (6H, s), 2.29 (2H,X= 7.2 Hz),
3.35-3.40 (2H, m), 7.56 (1H, d,= 6.8 Hz), 8.57 (1H, d] = 6.4 Hz), 8.65 (1H, tJ = 5.6 Hz, NH),
8.97 (1H, s), 9.52 (1H, s), 9.54 (1H, $¢ NMR (100 MHz, DMSOds) & 45.1 (2CH), 26.0, 56.8
(CHp), 112.3, 134.1, 146.2, 154.9, 164.9 (R, 119.9, 122.0, 128.7, 136.5, 141.4, 159.44%

The missing CH was under the solvent signal. HRMS (ESI+) calcd @gsH1gNgO, (M+H)*

327.1569, found 327.1540.
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4.1.43 N-(3-(N,N-Diethylamino)propyl)-10-nitropyrido[ 3,4-g] quinazolin-2-amine (9h): 45 min
reaction time, obtained as a ochre yellow powded®6 yield. Mp: 151-152 °C; {R= 0.20
(CH.CI2/NH3 7N solution in MeOH 96:4). IR (ATR): 3316-2355,8/ 1526, 1355, 1205 chH
NMR (400 MHz, DMSOdg) 3 0.95 (6H, tJ = 7.2 Hz), 1.73 (2H, quinl = 7.2 Hz), 2.40-2.61 (6H,
m), 3.35.3.42 (2H, m), 7.56 (1H, d= 6.4 Hz), 8.57 (1H, d] = 6.0 Hz), 8.68 (1H, t) = 6.0 Hz,
NH), 8.97 (1H, s), 9.52 (1H, s), 9.54 (1H, ¥C NMR (100 MHz, DMSOds) 8 11.6 (2CH), 25.5
(CH,), 46.20 (2CH)), 46.24 (CH), 50.1 (CH), 112.3, 134.1, 146.2, 155.0, 165.0 (&), 119.9,
121.9, 128.7, 136.5, 141.4, 159.4.4%). HRMS (ESI+) calcd for GH2aNgO, (M+H)* 355.1877,
found 355.1881.

4.1.44 N-(3-Morpholinopropyl)-10-nitropyrido[ 3,4-g] quinazolin-2-amine (9i): 45 min reaction
time, obtained as an orange yellow powder in 24étdyiMp: 209-210 °C; R= 0.20 (CHCI,/NH3
7N solution in MeOH 96:4). IR (ATR): 3289-2342, 1381530, 1357, 1144 ¢m'H NMR (400
MHz, DMSO-ds) 8 1.77 (2H, quint] = 6.0 Hz), 2.30-2.40 (6H, m), 3.39-3.44 (2H, mp4B3.59
(4H, m), 7.56 (1H, dJ = 4.8 Hz), 8.57 (1H, dJ = 4.8 Hz), 8.65 (1H, tJ = 4.8 Hz, NH), 8.97 (1H,
s), 9.52 (1H, s), 9.54 (1H, sy C NMR (100 MHz, DMSOdg) & 24.9, 39.4 (Ch), 53.2 (2CH),
55.9 (CH), 66.3 (2CH), 112.3, 134.1, 146.3, 155.0, 165.0 (fH, 119.9, 121.9, 128.7, 136.5,
141.4, 159.5 (Gom). HRMS (ESI+) calcd for GH21NsOs (M+H)* 369.1670, found 369.1667.

4.1.45 N-(3-(N-Methyl piperazin-1-yl)propyl )-10-nitropyrido[ 3,4-g] quinazolin-2-amine (9j): 60 min
reaction time, obtained as an orange yellow powdel7% vyield. Mp: 192-193 °C; R= 0.20
(CH.CI/NH3 7N solution in MeOH 96:4). IR (ATR): 3289-2342,8/ 1524, 1345, 1141 chH
NMR (400 MHz, DMSOdg) 3 1.75 (2H, quint) = 5.2 Hz), 2.13 (2H, tJ = 5.2 Hz), 2.16 (3H, s),
2.17-2.60 (8H, m), 3.37-3.44 (2H, m), 7.57 (1HJ& 5.2 Hz), 8.57 (1H, d] = 4.8 Hz), 8.64 (1H,
t,J = 4.8 Hz, NH), 8.97 (1H, s), 9.52 (1H, s), 9.54 (E)*°C NMR (100 MHz, DMSOdg)  45.7
(CHs), 25.3 (CH), 1 CH, under solvent signal, 52.6 (26)}H54.8 (2CH), 55.5 (CH), 112.3, 134.1,
146.2, 155.0, 165.0 (GHn), 119.9, 121.9, 128.7, 136.5, 141.4, 159.4% HRMS (ESI+) calcd
for CigH24N70, (M+H)" 382.1986, found 382.1987. HPLC: purity > 95%+ 240 nm, # = 18.3

min.

4.1.46 N-(3-(Piperidin-1-yl)propyl)-10-nitropyrido[ 3,4-g] quinazolin-2-amine (9k): 45 min reaction
time, obtained as a brown orange powder in 22%dyiglp: 185-186 °C; R= 0.20 (CHCI,/NH3
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7N solution in MeOH 97:3). IR (ATR): 3289-2316, 1581530, 1359, 1152 ch’H NMR (400
MHz, DMSO-dg) 6 1.34-1.52 (6H, m), 1.76 (2H, quint,= 6.8 Hz), 2.31-2.36 (6H, m), 3.36-3.42
(2H, m), 7.56 (1H, dJ = 6.0 Hz), 8.57 (1H, d) = 6.0 Hz), 8.67 (1H, tJ = 5.2 Hz, NH), 8.97 (1H,
s), 9.52 (1H, s), 9.53 (1H, s)®C NMR (100 MHz, DMSOds) 5 24.1, 25.2 (Ch), 25.6 (2CH),
1CH, under solvent signal, 54.0 (2QH56.3 (CH), 112.3, 134.1, 146.3, 155.0, 165.0 (L,
119.9, 121.9, 128.7, 136.5, 141.4, 159.4,¢§. HRMS (ESI+) calcd for GH2sNgO, (M+H)*
367.1877, found 367.1882.

4.1.47 N-(3-(Pyrrolidin-1-yl)propyl)-10-nitropyrido[ 3,4-g] quinazolin-2-amine (91): 45 min reaction
time, obtained as an orange yellow powder in 158tdyiMp: 172-173 °C; R= 0.20 (CHCI,/NH3
7N solution in MeOH 97:3). IR (ATR): 3368-2342, 1181525, 1349, 1147 ch’H NMR (400
MHz, DMSO-ds) 3 1.68-1.72 (4H, m), 1.78 (2H, quint,= 6.8 Hz), 2.40-2.52 (6H, m), 3.38-3.45
(2H, m), 7.56 (1H, dJ = 6.0 Hz), 8.57 (1H, dJ = 6.4 Hz), 8.65 (1H, tJ = 5.2 Hz, NH), 8.97 (1H,
s), 9.52 (1H, s), 9.53 (1H, s)°C NMR (100 MHz, DMSOdg) & 23.1 (2CH), 27.3, 39.6, 53.4
(CHy), 53.6 (2CH), 112.3, 134.2, 146.3, 155.0, 165.0 (fH, 119.9, 121.9, 128.7, 136.5, 141.4,
159.5 (Grom). HRMS (ESI+) calcd for GH21NgO> (M+H)* 353.1721, found 353.1722.

4.1.48 N-Methyl-10-nitropyrido[ 3,4-g] quinazolin-2-amine (9m): 45 min reaction time, obtained as
a yellow powder in 12% vyield. Mp: 224-225 °C; R 0.45 (CHCI,/NH3 7N solution in MeOH
97:3). IR (ATR): 3344-2502, 1586, 1508, 1382, 136295 cni. *H NMR (400 MHz, DMSOds) &
2.93 (3H, dJ = 4.8 Hz), 7.57 (1H, d] = 6.4 Hz), 8.51-8.56 (1H, m, NH), 8.59 (1H,X; 6.4 Hz),
8.99 (1H, s), 9.53 (1H, s), 9.55 (1H, ¥ NMR (100 MHz, DMSOds) 5 27.9 (CH), 112.3, 134.2,
146.3, 155.0, 164.9 (GHq), 119.9, 122.0, 128.8, 136.6, 141.4, 159.94% HRMS (ESI+) calcd
for CioH10Ns02 (M+H)" 256.0834, found 256.0815. HPLC: purity > 98%+ 240 nm, = 18.9

min.

Synthetic procedurefor the preparation of compounds 10a-m.

To a solution of nitro derivativea-m in anhydrous CkCl, (0.04 mol/L) was added 6 mg/mmol of
10% Pd/C at room temperature. The suspension wasdsin the dark under 1 atm of,Hintil
completion of the reaction (4 to 40 hours). Thectiea mixture was filtered over Celite in a Pasteur
pipette, washed with Ci€l, and evaporated. The product was not purified. Tetamers were

observed by NMR, but only the major one is describe
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4.1.49 N2-(2-(N,N-Dimethylamino)ethyl)pyrido[ 3,4-g] quinazoline-2,10-diamine  (10a): 18 h
reaction time, obtained as a red oil in 65% yi&d= 0.35 (CHCI,/NH3 7N solution in MeOH
96:4). IR (ATR): 3500-2407, 1607, 1575, 1372, 1281t 'H NMR (400 MHz, DMSO¢) 6 2.30
(6H, s), 2.45-2.65 (2H, m, under solvent signal033.65 (2H, m), 6.31 (2H, br s, NH7.40 (1H,
brs, NH), 7.84 (1H, s), 7.99 (1H, 8= 6.0 Hz), 8.22 (1H, d] = 6.0 Hz), 9.24 (1H, s), 9.33 (1H, s);
13C NMR (100 MHz, DMSOdg) 8 45.0 (2CH), 29.0, 38.6 (Ch), 113.5, 115.3, 139.5, 154.7, 164.4
(CHaron), 119.1, 121.3, 124.4, 136.1, 142.5, 157.2.4% HRMS (ESI+) calcd for GHioNe
(M+H)" 283.1666, found 283.1665.

4.1.50 N2-(2-(N,N-Diethylamino)ethyl)pyrido[ 3,4-g] quinazoline-2,10-diamine (10b): 24 h reaction
time, obtained as a red oil in 82% vyield.R0.15 (CHCI,/NH3z 7N solution in MeOH 96:4). IR
(ATR): 3531-2189, 1606, 1574, 1372, 1028t NMR (400 MHz, DMSOdg) 5 1.00 (6H, tJ =

7.2 Hz), 2.57 (4H, ) = 7.2 Hz), 2.62-2.71 (2H, m), 3.50-3.57 (2H, mR&(2H, br s, NH), 7.39
(1H, br s, NH), 7.83 (1H, s), 7.96 (1H, 3= 6.0 Hz), 8.22 (1H, dJ = 6.4 Hz), 9.22 (1H, s), 9.31
(1H, s);*C NMR (100 MHz, DMSOds) 3 11.9 (2CH), 1 CH, under solvent signal, 46.7 (26
50.5 (CH), 113.7, 115.3, 139.6, 154.7, 164.4 (fk), 119.2, 121.3, 124.4, 136.0, 142.3, 159.5
(Carom). HRMS (ESI+) caled for GHaNg (M+H)* 311.1979, found 311.1979.

4.1.51 N2-(2-(Morpholin-1-yl)ethyl)pyrido[ 3,4-g] quinazoline-2,10-diamine (10c): 24 h reaction
time, obtained as a red oil in 59% vyield.R0.20 (CHCI,/NH3; 7N solution in MeOH 96:4). IR
(ATR): 3465-2449, 1606, 1575, 1372, 1112t NMR (400 MHz, DMSO+dg) 6 2.50-2.62 (6H,
m), 3.56-3.65 (6H, m), 6.30 (2H, br s, §H7.42 (1H, br s, NH), 7.83 (1H, s), 7.99 (1HJd& 6.4

Hz), 8.21 (1H, dJ = 6.4 Hz), 9.22 (1H, s), 9.32 (1H, $fC NMR (100 MHz, DMSOdg) & 24.4,

38.0 (CH), 53.4 (2CH), 66.2 (2CH), 113.6, 115.3, 139.5, 154.7, 164.9 (&R, 119.1, 121.2,
124.4, 136.1, 142.2, 159.7 4. HRMS (ESI+) calcd for §Hx:NsO (M+H)" 325.1771, found
325.1770.

4.1.52 NZ2-(2-(N-Methylpiperazin-1-yl)ethyl)pyrido[ 3,4-g] quinazoline-2,10-diamine (10d): 24 h
reaction time, obtained as a red oil in 64% yi&d= 0.15 (CHCI,/NH3 7N solution in MeOH
96:4). IR (ATR): 3552-2598, 1608, 1576, 1374, 1t47". *"H NMR (400 MHz, DMSO#g) & 2.14
(3H, s), 2.25-2.60 (10H, m), 3.56-3.62 (2H, m),05(2H, br s, NH), 7.38 (1H, br s, NH), 7.82 (1H,
s), 7.99 (1H, dJ = 7.2 Hz), 8.21 (1H, dJ = 7.2 Hz), 9.22 (1H, s), 9.32 (1H, $fC NMR (100
MHz, DMSO-ds) & 45.7 (CH), 38.4 (CH), 52.7 (2CH), 54.7 (2CH), 56.3 (CH), 113.6, 115.4,
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139.6, 154.7, 164.7 (CH), 120.0, 121.3, 124.4, 136.1, 142.2, 159.64F HRMS (ESI+) calcd
for CygH24N7 (M+H)* 338.2088, found 338.2087.

4.1.53 N2-(2-(Piperidin-1-yl)ethyl)pyrido[ 3,4-g] quinazoline-2,10-diamine (10e): 24 h reaction
time, obtained as a red oil in 44% vyield.R0.15 (CHCI,/NH3z 7N solution in MeOH 97:3). IR
(ATR): 3482-2362, 1607, 1574, 1303, 1128 crtH NMR (400 MHz, DMSO#s): 1.34-1.62 (6H,
m), 2.25-2.60 (6H, m), 3.56-3.65 (2H, m), 6.31 (& s, NHB), 7.37 (1H, br s, NH), 7.83 (1H, ),
8.00 (1H, dJ = 5.6 Hz), 8.22 (1H, d] = 5.6 Hz), 9.23 (1H, s), 9.33 (1H, 3JC NMR (100 MHz,
DMSO-dg): 23.7 (CH), 25.4 (2CH), 38.2 (CH), 1CH, under solvent signal, 54.1 (2@H113.6,
115.4, 139.6, 154.7, 164.6 (Ghh), 119.2, 121.3, 124.5, 136.2, 142.3, 159.8,(% HRMS (ESI+)
calcd for GgH23Ng (M+H)™ 323.1979, found 323.1978.

4.1.54 N2-(2-(Pyrrolidin-1-yl)ethyl)pyrido[ 3,4-g] quinazoline-2,10-diamine (10f): 24 h reaction
time, obtained as a red oil in 98% yield.R0.15 (CHCI,/NH3; 7N solution in MeOH 96:4). IR
(ATR): 3531-2189, 1606, 1575, 1365, 1029t NMR (400 MHz, DMSO+dg) 6 1.74-1.94 (4H,
m), 2.40-2.75 (6H, m), 3.68-3.85 (2H, m), 6.41 (2ls, NH), 7.66 (1H, br s, NH), 7.85 (1H, s),
8.03 (1H, dJ = 6.4 Hz), 8.24 (1H, d] = 6.0 Hz), 9.25 (1H, s), 9.37 (1H, $§C NMR (100 MHz,
DMSO-ds) & 22.7 (2CH), 29.3, 46.2 (Ch), 53.3 (2CH), 113.3, 115.4, 139.5, 154.7, 164.7
(CHaron), 119.4, 121.2, 124.7, 136.6, 142.8, 159.9.F HRMS (ESI+) calcd for GHoiNg
(M+H)" 309.1822, found 309.1823.

4.1.55 N2-(3-(N,N-Dimethylamino)propyl)pyrido[ 3,4-g] quinazoline-2,10-diamine (10g): 40 h
reaction time, obtained as a red oil in quantigatweld. R = 0.15 (CHCI/NH3 7N solution in
MeOH 97:3). IR (ATR): 3527-2437, 1607, 1574, 1361'c*H NMR (400 MHz, DMSO#ds) & 1.87
(2H, quint,d = 7.2 Hz), 2.29-2.54 (2H, m), 2.39 (6H, s), 3.5673(2H, m), 6.33 (2H, br s, N
7.71 (1H, br s, NH), 7.83 (1H, s), 8.00 (1H,Jds 6.4 Hz), 8.22 (1H, d] = 6.4 Hz), 9.23 (1H, s),
9.33 (1H, s)*C NMR (100 MHz, DMSOds) & 43.9 (2CH), 21.1, 38.7, 56.1 (CH, 113.6, 115.4,
139.5, 154.7, 164.4 (GHn), 119.1, 121.2, 124.4, 136.2, 142.4, 159.5% HRMS (ESI+) calcd
for CrgHa1Ng (M+H)* 297.1822, found 297.1823.

4.1.56 N2-(3-(N,N-Diethylamino)propyl)pyrido[ 3,4-g] quinazoline-2,10-diamine  (10h): 24 h
reaction time, obtained as a red oil 86% in yi®&d= 0.10 (CHCI,/NH3 7N solution in MeOH
96:4). IR (ATR): 3515-2131, 1606, 1574, 1359, 1188". 'H NMR (400 MHz, DMSOsg): 1.00
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(6H,t,J=7.2 Hz), 1.78 (2H, quintl = 7.2 Hz), 2.50-2.57 (6H, m), 3.47-3.57 (2H, mR%B(2H, br
s, NHy), 7.71 (1H, br s, NH), 7.82 (1H, s), 7.99 (1HJd; 6.0 Hz), 8.21 (1H, d] = 6.0 Hz), 9.22
(1H, s), 9.32 (1H, s)-*C NMR (100 MHz, DMSOde): 11.7 (2CH), 25.9 (CH), 46.3 (2CH), 50.5
(CHp), 113.6, 115.3, 139.5, 154.7, 164.3 ({=k), 119.1, 121.2, 124.4, 136.0, 144.7, 157 4%

The missing Chl was under the solvent signal. HRMS (ESI+) calcd @gH2sNg (M+H)*

325.2135, found 325.2138.

4.1.57 N2-(3-(Morpholin-1-yl)propyl)pyrido[ 3,4-g] quinazoline-2,10-diamine (10i): 4 h reaction
time, obtained as a red oil in 51% yield.#R0.40 (CHCI,/MeOH 9:1) IR (ATR): 3622-2164, 1607,
1575, 1362, 1291, 1111 ém*H NMR (400 MHz, DMSOsg) 8 1.81 (2H, quintJ = 4.4 Hz), 2.30-
2.55 (6H, m), 3.50-3.54 (2H, m), 3.59-3.62 (4H, BR7 (2H, br s, Nb), 7.63 (1H, br s, NH), 7.83
(1H, s), 7.99 (1H, d) = 4.8 Hz), 8.22 (1H, d] = 4.8 Hz), 9.23 (1H, s), 9.32 (1H, $¥C NMR (100
MHz, DMSO-ds) 3 25.4, 38.5 (Ch), 53.4 (2CH), 56.2 (CH), 66.2 (2CH), 113.6, 115.4, 139.5,
154.7, 164.3 (CHon), 119.1, 121.3, 124.4, 134.7, 136.0, 157.4.% HRMS (ESI+) calcd for
C18H23NgO (M+H)™ 339.1928, found 339.1927. HPLC: purity > 96%& 280 nm, 4 = 18.1 min.

4.1.58 N2-(3-(N-Methylpiperazin-1-yl)propyl)pyrido[ 3,4-g] quinazoline-2,10-diamine (10j): 18 h
reaction time, obtained as a red oil in 56% yié&d= 0.10 (CHCI,/NH3 7N solution in MeOH
96:4). IR (ATR): 3540-2536, 1608, 1577, 1372, 12B452 cnt. *H NMR (400 MHz, DMSOds) &
1.79 (2H, quint] = 5.6 Hz), 2.16 (3H, s), 2.30-2.56 (8H, m), 2.5622(2H, m), 3.47-3.54 (2H, m),
6.26 (2H, br s, Nb), 7.65 (1H, br s, NH), 7.82 (1H, s), 7.98 (1HJd& 5.2 Hz), 8.21 (1H, d] = 5.2
Hz), 9.22 (1H, s), 9.31 (1H, s)*C NMR (100 MHz, DMSQds) & 45.8 (CH), 25.7 (CH), 52.7
(2CH,), 54.8 (2CH), 55.9 (CH), 113.6, 115.4, 139.5, 154.7, 164.3 (&), 119.1, 121.3, 124.4,
134.7, 136.0, 157.4 (fem). The missing Cklwas under the solvent signal. HRMS (ESI+) calad fo
CioH26N7 (M+H)" 352.2244, found 352.2247. HPLC: purity > 96%; 280 nm, & = 17.9 min.

4.1.59 N2-(3-(Piperidin-1-yl)propyl)pyrido[ 3,4-g] quinazoline-2,10-diamine (10k): 40 h reaction
time, obtained as a red oil in 18% yield.R0.20 (CHCI,/NH3 7N solution in MeOH 97:3). IR
(ATR): 3478-2358, 1607, 1574, 1350 ¢ntH NMR (400 MHz, DMSOs): 1.33-1.42 (2H, m),
1.45-1.56 (4H, m), 1.79 (2H, quint= 6.8 Hz), 2.25-2.43 (6H, m), 3.44-3.57 (2H, mR6(2H, br
s, NH), 7.68 (1H, br s, NH), 7.82 (1H, s), 7.98 (1HJd& 6.4 Hz), 8.21 (1H, d] = 6.4 Hz), 9.22
(1H, s), 9.31 (1H, s)**C NMR (100 MHz, DMSOdg): 24.0 (CH), 25.4 (2CH), 42.5 (CH), 54.0
(2CH,), 56.5 (CH), 113.6, 115.3, 139.5, 154.7, 165.1 (&), 119.1, 121.6, 124.4, 136.0, 141.7,
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160.5 (Grom). The missing Chwas under the solvent signal. HRMS (ESI+) calcd GgH25Ng
(M+H)" 337.2135, found 337.2136.

4.1.60 N2-(3-(Pyrrolidin-1-yl)propyl)pyrido[ 3,4-g] quinazoline-2,10-diamine (10I): 18 h reaction
time, obtained as a red oil in 63% vyield.R0.15 (CHCI,/NH3z 7N solution in MeOH 97:3). IR
(ATR): 3482-2288, 1606, 1574, 1361 ¢ntH NMR (400 MHz, DMSOdg) & 1.68-1.76 (4H, m),
1.84 (2H, quint]J = 7.2 Hz), 2.42-2.65 (6H, m), 3.48-3.56 (2H, mR&(2H, br s, NH), 7.66 (1H,
br's, NH), 7.82 (1H, s), 7.99 (1H, 8= 5.8 Hz), 8.21 (1H, d] = 6.0 Hz), 9.22 (1H, s), 9.31 (1H, s);
13C NMR (100 MHz, DMSOdg) 8 22.1 (CH), 22.9 (2CH), 29.0, 31.3 (Ch), 53.5 (2CH), 113.6,
115.4, 139.5, 154.7, 164.4 (Gh}), 119.1, 121.3, 124.4, 136.1, 142.3, 160.gE HRMS (ESI+)
caled for GgH23Ng (M+H)™ 323.1979, found 323.1983.

4.1.61 N2-Methylpyrido[ 3,4-g] quinazoline-2,10-diamine (10m): due to poor solubility in CkCl,,
compoundOm was dissolved in C¥Cl,/MeOH 8:2 before reaction for 24 h. Compoutsnh was
obtained as a red powder in 58% yield. Mp: degiada® = 0.20 (CHCI,/MeOH 9:1). IR (ATR):
3506-2408, 1579, 1375 ¢m'H NMR (400 MHz, DMSOd) & 3.00 (3H, dJ = 5.2 Hz), 6.33 (2H,
br s, NH), 7.83 (1H, s), 8.00 (1H, d,= 6.4 Hz), 8.15 (1H, br s, NH), 8.22 (1H,Xk 6.4 Hz), 9.23
(1H, s), 9.31 (1H, s)**C NMR (100 MHz, DMSOdg) & 28.0 (CH), 113.5, 115.4, 139.5, 154.7,
164.6 (CHion), 119.4, 121.7, 124.4, 136.2, 142.5, 160.14% HRMS (ESI+) calcd for GH1oNs
(M+H)* 226.1087, found 226.1089.

4.2 In vitro kinase inhibition assays
4.2.1. Method A (**P radioassay)
Kinase activities were assayed in appropriate buffeeach kinase, with either protein or peptide
as substrate in the presence of 15 gNP] ATP (3,000 Ci/mmol; 10 mCi/ml) in a final volunoé
30 pl following the assay described in [20]. Colstrnwere performed with appropriate dilutions of
dimethylsulfoxide. Full-length kinases are usedesslspecified. Peptide substrates were obtained
from ProteoGenix (Schiltigheim, France).
HsCDK5/p25 (human, recombinant, expressed in bagtems assayed on 0.8 pg/ul of histone H1
as substrateSscCK16/e (Sus scrofa domesticus, casein kinasedle, affinity purified from porcine
brain) was assayed on 0.022 ug/ul of the followpegtide: RRKHAAIGSpAYSITA as specific
substrate. HSCDK5/p25 and SscCK1s/e were tested in the following buffer: 60 mg-
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glycerophosphate, 30 mM p-nitrophenyl-phosphatem®s MOPS (pH 7), 5 mM EGTA, 15 mM
MgCl,, 1 mM DTT, 0.1 mM sodium orthovanadate.

SscGSK-3a/B (Sus scrofa domesticus, glycogen synthase kinase-3, affinity purifiednfrgporcine
brain) was assayed on 0.01 pg/pl of GS-1 peptide, GEK-3-selective substrate
(YRRAAVPPSPSLSRHSSPHQSpPEDEEE, “Sp” stands for phopgated serine)RnDYRK1A-
kd (Rattus norvegicus, kinase domain aa 1 to 499, expressed in bactef& Bector kindly
provided by Dr. W. Becker, Aachen, Germany) wasayss on 0.033ug/pl of the following
peptide: KKISGRLSPIMTEQ as substraMmCLK1 (from Mus musculus, recombinant, expressed
in bacteria) was assayed on 0.Q@yul of the following peptide: GRSRSRSRSRSR as tsates
ScGSK-3a/f3, RiDYRK1IA andMmCLK1 were tested in the following buffer: 10 mM MiC1
mM EGTA, 1 mM DTT, 25 mM Tris-HCI pH 7.5, 50 pug/rmkparin, 0.15 mg/ml of BSA, 0.23
mg/ml of DTT.

4.2.2. Method B (ADP-glo)

Kinase assays were carried out following ADP-Glotpcol (Promega). Briefly, reactions
were carried out in a final volume of 5 pl, at 18 |ATP, for 30 min at 30 °C. The luminescent
signal emitted was measured using an Envision lameter (PerkinElmer, Waltham, MA) and
expressed in Relative Light Unit (RLU).

4.3 In vitro cellular antiproliferative assays

HCT116 cells were cultured in McCoy’'s 5a medium-S¥bY, MDA-MB231 and U-2 OS
cells were cultured in Dulbecco's modified Eaghe&dium (DMEM), hTERT RPE1 were cultured
in DMEM:F12 medium. All media were supplemented hwit0% fetal calf serum, 2 mM L-
glutamine, 50 IU penicillin and streptomycin. Celhbility was assayed using CellTiter96 AQs

from PROMEGA according to manufacturer’s instrueto

4.4 Protein crystallography
Recombinant CLK1 was expressed and purified asritéestcpreviously [21]. Two different crystal
forms of the apo protein were obtained at 4 °C gisine sitting drop vapor diffusion technique by
mixing equal volumes of protein solution (7-8 mg/pmnbtein in 30 mM Hepes, pH 7.5, 300 mM
NaCl, 50 mM arginine/glutamine mix 1:1, 0.5 mM TCGERd 1% v/v glycerol) and the appropriate
reservoir solution. Crystal form A grew with a reger solution of 25% (w/v) PEG 6000, and 0.1

M bicine, pH 9.0; and crystal form B with a resansmlution of 29% (v/v) 1,2 propanediol, 0.08 M
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Na/K phosphate. Crystal form A was soaked overnigireservoir solution supplemented with 5
mM 10i and 25% ethylene glycol, and crystal form B waskedafor 72 h in reservoir solution
complemented with 1 mMm and 20% ethylene glycol. Crystals were then fishen in liquid
nitrogen, and diffraction data were collected a X0at BESSY Il, beamline 14.2. The datasets
were integrated using MOSFLM [22] and scaled wi@ARA [23], which are implemented in the
CCP4 package [24]. The structures of the two corgdavere solved by molecular replacement
using PHASER [25] with PDB entry 5JIV as a searaudsl. The structures were then refined using
iterative cycles of manual model building in COQB] and refinement in REFMAC [27] (CLK1-
10i complex) or PHENIX [28] (CLK19m complex). Ligand dictionary files for refinemenexe
generated using the Grade Web Server (http://gyeabalphasing.org). Data collection and
refinement statistics are summarized in Table BucBiral figures were prepared using PyMOL

(www.pymol.org).
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Table 3. X-ray data collection and refinement statistic€CaK1-inhibitor structures

Compound 10i 9m

Data Collection

Space Group 12 P2,

a, b, c(A) 72.8, 64.3, 86.3 56.8, 117.6, 91.9
ao,B,y O 90.0, 110.0, 90.0 90.0, 99.0, 90.0
Molecules/AU 1 3
Resolution (A% 64.3 -2.29 (2.37-2.29) 47.1 -3.0 (3.18-3.0)
Unique reflections 16,639 23,961
Completeness (%) 99.0 (97.0) 100 (100)
Multiplicity ® 4.8 (4.8) 3.5(3.3)
Rierge (%) 8.2 (34.6) 16.2 (61.2)
Meanl/o(1)? 9.1 (3.7) 5.1 (1.6)
Refinement

Ruoris (%6)° 18.8 19.8

Riee (%) 25.9 24.4

No. of atoms

Proteirf 2733 7972

Water 133 8

Ligands 50 57

RMSD bonds (A) 0.014 0.005
RMSD angles?) 1.8 0.6

MeanB (A% 35.1 33.4
Ramachandran favored (%) 94.9 94.7
Ramachandran outliers (%) 0.3 0.5

PDB entry 6Q8K 6Q8P

&/alues in parentheses are for the highest resolstiell.
PRork ANdRee = S|IFobd - FeadlX|Fond, WhereRgewas calculated with 5 % of the reflections choseraadom and not

used in the refinement.

‘Number includes alternative conformations.
YRamachandran statistics were calculated using MbiBr[29].
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Accession codes

The atomic coordinates and structure factors ofXhK1-pyrido[3,4g]quinazoline complexes have
been deposited in the Protein Data Bank (PDB), vpaitv.org. Accession codes: 6Q8K (CLHQF
complex) and 6Q8P (CLK®2m complex).
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» New pyrido[3,4-g]quinazolines were synthesized.
» Nanomolar inhibitors of CLK1 and/or DYRK1A were identified.

» Two alternative binding modes within CLK1 were identified by X-ray crystallography.



