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Synthesis and biological evaluation of linear thiazolo[4,5-g] and
[5,4-g] quinazolines, analogues of V-shaped DYRK1A inhibitors
EHT1610 and FC162

Previous work
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Abstract

The synthesis of new heterocyclic structures is a crucial issue in medicinal chemistry, which is
constantly seeking for new active molecules. In the past 20 years, our research group has
focused on the synthesis of DYRK1A inhibitors containing a thiazole ring fusionned with a
quinazolin-4-one, a heterocyclic system present in many natural or synthetic molecules of
biological interest. Two highly affine compounds, EHT1610 and FC162 were then identified
and particularly studied. Docking studies highlighted the role of the V-shape of our
compounds in their ability to inhibit DYRK1A. Recently, we described a synthetic method for
access to 2-cyanobenzothiazoles from N-Arylcyanothioformamides via Pd-Catalyzed/Cu-
Assisted C-H Functionalization/Intramolecular C-S bond formation. This regiospecific
cyclization incited us to develop novel synthetic routes to obtain regioisomers of EHT1610
and FC162, our reference compounds. After an optimization step, this methodology allowed
the synthesis of linear thiazolo[4,5-g] and [5,4-g] quinazoline regioisomers and chemical
analogs of the two V-shaped leads. Preliminary results of kinase inhibition and cytotoxic
evaluation of the target compounds are presented in this communication.

Keywords: Kinase inhibitors, Cytotoxicity, Heterocycles.
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Introduction — Benzothiazole motif —

10

Present in natural compounds of marine origin

X N~ TN
N| | R =NH(CO)iBu Kuanoniamine B N N
o N N N R=NH(CO)Et ~ KuanoniamineC ‘ O Dercitine
Kuanoniamine A ¢ | <s O R = NH(CO)CH; Kuanoniamine D S N
S N R H R = N(CH3), Nordercitine \
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N
/
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Widely studied class for their numerous biological activities (Chinese herbal medicine)
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Rutaecarpine Luotonine A Isaindigotone Mackinazolinone Vasicinone

}fb Our work : create original & potentially bioactive compounds combining these two structures
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Introduction Uuse of a versatile reagent : Appel Salt

N-S@
| S o
cl €11 eq)
| cl
o~ NH; Pyridine (2.0 eq) N
R— | = N \N
X CH,Cly, 1t, 1h R—\ | Sug

Iminodithiazoles

The iminodithiazole function obtained by the condensation of the Appel Salt on an aromatic amine presents a broad reactivity on the 2 sulfur atoms.

H Cl
N__CN NYL N
= S-2 attack = S-1 attack =
LY e o T Y e T o
Ny Ny TS, S
N-arylcyanothioformamides 2-cyanobenzothiazoles

Historically, the S1 reactivity has been the most exploited to synthetize 2-cyanobenzothiazoles, following 2 different pathways,
each presenting some drawbacks :

Cl
= N N
RL ] NEY Cul (1.1 eq) = \
X B S-g Pyr (2.0 eq) R_\ ‘ o2 CN 6 examples
r yr (2.0 eq S
115 °C (pw) Besson & Rees (1998)
Cl

= N\\(& Thermolysis = N = N\ Cl
R | N o ——————— RrR [ )-on R—O/ T
X S-s 200-250 °C, 1-2 min XS + X CN
or
NMP, 150 °C (uw), 1-3 min 30 examples
or Besson, Rees et al (1995, 1997 & 2003)
graphite, 150 °C (uw) 2-5 min
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Introduction

In our team, the copper-mediated cyclisation has been employed for the synthesis of two DYRK1A inhibitors,
having a good affinity with the targeted enzymes at the nano/subnanomolar range.

EHT1610 synthesis
F. OMe NH F OMe
NG 1) DMA-DMF (0.4M) NG jg/ MeO jg/
cl Br >\s DMF, 70°C (uw), 2min >,\s HN s HN
O,N CN N CN / 2) 2-fluoro-4-methoxyaniline (1.5 eq) N
2 \CE . N Cul (1.0 eq) N CN AcOH (0.7M), 118°C (uw), 5min SN NaOMe (0.5M in MeOH) SN
NH, 58 NH, Pyridine (0.25M) N/) MeOH, 65°C (uw), 1h >

0,
15°C (uw), 30min NH, 72% over 2 steps 8% N
_____________ o

5-nitro anthranilonitrile : 5 steps \: 67% EHT1610
140% global yield: IC50 = 0,36 nM

FC162 synthesis

N
NG 1) DMA-DMF (0.4M) 1) Cul (1.0 eq) N/
80°C (pw), 1h DBU (2.0 eq), 10min

o cl N B Q >/\S (0] 2) Cyclopropylamine (1.05 eq) NFS 0 /A 2) Pd(OAc), (10 mol%) N/ S o ﬁ

OZN&OH - N)\l// \dkOMe - cutfeq) N oMe PO (0.7M), 100°C (uw), 15min @\)kN 3-bromopyridine (2.0 eq) dLN

> N - o
NH, =S NH, 1?%’[@"(‘evj;)'§gmn NH 3) HBr 48% (0.3M), 100°C (uw), 45min N/) DMF (0.4M), 120°C (uw), 5h N/)
. e e HW), 2 70% over 3 steps 43% FC162
5-nitro anthranilic acid e N 58%
6 steps o IC50 =11 nM

, DYRK1A

Dual-specificity tyrosine phosphorylation-regulated kinase
COIT catalyzes its autophosphorylation on serine/threonine and tyrosine residues
It may play a significant role in a signaling pathway regulating cell proliferation & may be involved in brain development
It’s overexpressed in neurodenegerative diseases (Alzheimer, Down syndrome) - Target of choice
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Introduction

Some RX studies of our products with DYRK showed that the V-shape geometry of our inhibitors played a significant role in the mechanism of inhibition.

s a-Chelix

Catalytic

>/“S (@] )y S HN/Ar Glu239 <« Lysine (K188)
N - R N Asp from
| D N | A h N DFG motif
lle 241
= ~
= N) = N)

V-shape geometry " _
inge region
Activation loop

X-Ray structure of FC162-DYRK1A
co-crystal (PDB-6QU2)

Asp from DFG

Activation loop

X-Ray structure of EHT1610-DYRK2
co-crystal (PDB-5LXD)

Knapp et al.

_Ar
o) HN
M R A,
Ar_</ ) R _</Y)!\/K /)
If we succeed in the development of a new KV -Nors N

reactional pathway for the linear analogues of
FC162/EHT1610...

Linear geometry

Linear analogues of FC162/EHT1610

What would be the impact of
'linear' geometry on kinase
inhibition?
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Introduction

For this, we wanted to exploit the S2 reactivity of iminodithiazoles to synthesize N-arylcyanothioformamides.

............................................

H : cl
N._CN | NYL

= S-2 attack ¢ =
rRC T 2R Y
N X S H N S~s
2

In literature, there are only few examples of cyclisation of this function or similar ones
The two examples below will be the starting point of our optimization :

"Pd" (10 mol%)
Cul (50 mol%) PdCl, (10 mol%)

= “ TBAB (2.0 eq) = N\ H Cul (50 mol%)
O/ S DMSO/NMP S | s /©/N\"/CN TBAB (2.0 eq) /@[N\>—CN
‘ 100-120°C, 2-12h ‘ s DMSO/DMF
34-99% MeO 120°C, 12h MeO S
. = OMe, X, NO,, CN, Ester 17 examples 87%

= Ph, OMe-Ph, CI-Ph,CN-Ph, NHBn
Prescher, 2012 (Only one example)
Doi, 2008
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Results and discussion

Our optimisation begun first by the synthesis of a large array of N-arylcyanothioformamides, while using Koutentis method with an excess of DBU.

Cl ,
NNN\C\] DBU (3.0eq) NC \C]
s-S /b dry CH,Cl, (0.2M)

rt, 15min

Koutentis, 2009

While using Doi’s conditions as a starting point, we screened all the different parameters of this intramolecular cyclisation
in order to identify the optimized conditions

PdCl,

LiBr KF Pd(OAc);  10mol%

KBr CsF

PdBr; 20mol% LiBr
Pdadbag Cul 2.0 eq

Lil
Nal
Kl

Cul

CuBr 20mol%

Palladium (x mol%) CU(OAC)2 50mol%
C I ( CuC 2 ! IIdlum (X mol%) 50mol%
( > I /
opper (y mol%)
Copper (y mol%)

[Additive (z eq)} N\ [Additive (z eq)]
itive (z eq)
D e Do
e T
4\ Me s :

€. 120°c Me
/v p— 4w, (K1), 53% (LiBr)
air argon DMSO _
DMSO/DMF 50 mM 25 mM
DMSO/NMP DMSO/DMF

PdCl, (20 mol%), Cul (50 mol%), KI (2.0 eq) in a 1:1 mixture of DMSO/DMF (25 mM) under air atmosphere were identified as the best conditions here.
However, we will have to keep in mind that LiBr is also a great additive for this reaction, and will be very usefull for the continuation of this work.
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Results and discussion

Our optimized conditions were applied to a large array of N-arylcyanothioformamides,
to obtain more than 30 novel 2-cyanobenzothiazoles, in average good yields.

PdClI;, (20 mol%)
Cul (50 mol%)

NC\H/H\E://\]. Kl (2.0 eq) /N \/\.
/’b DMSO/DMF 1:1 (25 mM) NC_%]C]b

air, 120°C, 4h
Scope
N N _</N _</N
NC— NC— % NC— NC NC
_<s:©\. _<s NC—< —< S s
10 examples (41-71%) 3 examples (31-68%) 5 examples (65-96%) 3 examples (32-49%) 5 examples (5-65%) 2 examples (0-5%)
_<N
N N NC—
NC— Ne—( s
S S
3 examples (28-47%) 3 examples (35-65%) 1 example (64%)

% For unsymmetrical N-arylcyanothioformamides, we succeeded to cyclize
only at the least hindered position, making this method regioselective.



The 9th International Electronic
Conference on Medicinal Chemistry
01-30 November 2023 | Online

7
MDPI
7

Results and discussion

Then, we had to synthetize the N-arylcyanothioformamides precursors of our linear analogues of FC162 and EHT1610. For each, the first 3 steps were
already optimized. After 2 new steps of Appel Salt condensation and DBU treatment, we were allowed to obtain 6 new precursors, in good yield.

EHT1610 precursors

N-S® F. OMe F OMe
| 8 O
Cl
HN

NH F. OMe
S~ HN MeO jg/
cN 1) Cl (11eq) NS JS\S HN
onN—T[ - N CH,Cl, (0.3M), rt, 1h NN SN DBU (3.0 eq) S N
2 P HN—l J HN*\ ) SN
NH, N 2) DIPEA (2.0 eq) Cl N dry CH,Cl, (0.2M), rt, 15min NC*\Q /)
5 or 4-nitro anthranilonitrile 3 steps CHCl; (0.3M), 1t, 1h 4a :68% S 5a: 90% N
,,,,,,,,,,,,,,,,,,, 3a:95% 4b : 58% 5b:91% EHT1610
! : e R ICso = 0,36 NM
:.\© .© 3 3b:75% " Global yield '
: 1a b ! 5a:58% !
****************** ' i 5b:40%
FC162 precursors
«S®
N
| /‘S S}
cl
Cl 1.1 o) 0o S —
Cl Teq N
Pyridine (2.0 eq) )—<\ NR DBU (3.0 eq) NCJ< NN v {
ozN—\ OH — HZN—\ HN—] J s o
— ) CHaCly (0.3M), 1t, 1h ) dry CH,Cl, (0.2M), rt, 15min NN NG AN
N
) R=Bn, 1a: 86"/ R=Bn , 13a:89% @
5‘,”,‘,,“,",",’f’,"f",’f’,"i"fff‘f‘ 3 steps b ssu/Z 130 72% v
; ' R =Bn, 9a:60% R = CyPr, 12a : 88% R =CyPr ,14a:89% FC162
1 ‘© ; 9b : 49% 12b - 88% 14b : 82% ICso = 11 M
' s . | R=CyPr,10a:35%
' a a ! . - -
777777777777777777 ' 10b : 56% ' Global yield !
i 13a:46%
Lo13b:31%
v 14a:28% .

14b : 40%
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Results and discussion

Our 6 precursors were engaged in our cyclisation method. After some trials (details are not given here),
we observed that LiBr is the best additive for those more complex substrates.

EHT1610 precursors
F\- : .OMe F OMe Fi i: _OMe
HNJQ/ PdCl, (20 mol%) HN
Cul (50 mol%)

F OMe
j@ PdCl, (20 mol%) HN
. S B
S ~N LiBr (2.0 e N
(2.0 eq) NC—<\ )
N N
16

H HN Cul (50 mol%)
u mol7
NC __N N - N X
N
\Sﬁ /)N LiBr (2.0 eq) NC (, /) | /)
N DMSO/DMF 1:1 (25 mM) S N NC” N N DMSO/DMF 1:1 (25 mM)
air, 120°C, 4h 15 H 5b air, 120°C, 4h
39% 10%

5a
The 2 desired products were obtained in low yields but regioselectively, confirming results obtained during the reaction optimisation.

FC162 precursors
o PdCl, (20 mol%) o o PdCl, (20 mol%) o
NC H R Cul (50 mol%) R R Cul (50 mol%) R
Y N LiBr (2.0 eq) Nc—(/N N’ S N LiBr (2.0 eq) S N
s J P XA J Ne—( P

N DMSO/DMF 1:1 (25 mM) S N NC” N N DMSO/DMF 1:1 (25 mM) N N
air, 120°C, 4h e H air, 120°C, 4h PP .
'R=Bn 17 77% | 'R=Bn 19 70% !
tR= T 20 79% !

1
E\R:%w 40%

4 new quinazolinones were obtained regioselectively in good yields,
allowing to obtain 6 new precursors of linear analogues of FC162 and EHT1610.
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Results and discussion

In order to obtain exact regioisomers of FC162 and EHT1610, we had to modulate the carbonitrile part.
For EHT1610 analogues, our cyano precursors were reacted with sodium methoxide in methanol to obtain corresponding imidates

EHT1610 analogues

F OMe FJQ/OMG F OMe
HN: :

HN
@( NaOle (1.0 eq) HN. N N HN s
) MeOH (0.07M), 50°C (uw), 1h —~ /)N — \)N
MeO S N MeG N N7
21 22
70% 55%

For FC162 regioisomers, our precursors were first decyanated in acidic aqueous medium, and then they were engaged in C-H arylation conditions
developped by our group. Unfortunately, we were never able to isolate arylated products.

FC162 analogues

1) Base (2.0 eq)
Cul (1.0 eq)
10 min, 120°C (pw)

o 2) Pd(OAc); (10 mol%)
@E\( 3-halogenopyridine (2.0 eq)
HBr 48% (0.3 M) ( \ -R 5h, 120°C (uw) \ PN
N=—

N~
) reflux, 1h30 1 % N/) dry DMF (0.4M) '
N S
4 <
S N
23 25
R=Bn  70% 68%
R=Cypr 2 26
66% 1%
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Results and discussion

During her PhD thesis in our laboratory, Dr. Florence Couly identified the following imidate compound as a good inhibitor of DYRK1A.
NH

4/3/‘3 (0]
N B
o
N/

ICso (DYRK1A) = 0.3 yM

F. Couly PhD Thesis

MeO

In order to establish comparisons for biological tests, we synthesized linear analogues of this compound, using our cyanoquinazolinone precursors under
the conditions already described for the EHT1610 analogues, 2 novel imidate derivatives were obtained in good yields.

(0] @) (0]
: A TS s> AN N/Bn NaOWe (1.0 eq) HN N N/B“ HN S .Bn
NI P /) MeOH (0.07M), 50°C (uw), 1h >\ (/ /) ; (\ /)N
N MeO S N MeO N N
27 28

72% 73%
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Results and discussion

The DYRK1A inhibition evaluation was performed, and results are described below.

Compared with their angular analogues, linear compounds are inactive on DYRK1A inhibition. These results were also observed on the panel of 8 kinases
tested. It confirms the importance of the V-shape as it was observed during previous co-crystallisation studies.

: NH F OMe ! F OMe F OMe
e Y Y

; ~S  HN : HN HN

: N ‘

Thomas Robert SN 3 HN} (,N SN HNS (S SN
Dr. Stéphane Bach | N/) ' Med s N/) MeC N N/)
: EHT1610 i 21 22
Concentration EHT1610 21 22
Kinases panel
Residual activity of DYRK1A 10 pm 15 27 2100 P
(%) 1 16 72 95 coKo
S, s e Hm HASPIN
@ Station Biologique oo ~‘ PIM1
g Roscoff NH 3 GSK3B
. MeO 1
1 ; CKle
| JNS’-S T e 1 T s JAK3
! .Bn | HN N -Bn HN S -Bn
. N . 2 N N
‘ : >—< >—< CLK1
3 ©\)N: 3 MeO S N/) MeO ! N/J
} Bn-imid 27 28
L
Concentration Bn-Imid 27 28
Residual activity of DYRK1A 10 pm 21 2100 2100
(%) 1 pm 65 >100 >100
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Results and discussion

Wishing to add value to those new linear compounds, we wanted to evaluate their cytotoxicity, thanks to a collaboration with Dr. Rémi Le Guével at
Rennes 1 University. More than 25 compounds were tested on 7 cancerous cell lines and 1 healthy cell line (fibroblasts). The 3 compounds described
below are the most active. They are substituted by a carbonitrile or an imidate function at the C2 position.

______________________ NH
Ne e | |
oS o ! o) o g )—~s 0O ! o) o)
¢ N N,Bn H NJ©\)‘\N,Bn S N,Bn 1 N N,Bn: HN N N,Bn HN S N,Bn
: PoNe— ne—{ : : < <
E 7 5 s N N N E N ; s 7 N 7
i Bn-cyano E 17 19 i Bn-imid : 27 28
Cyano series Imidate series
A
Bn- .
17 19 Bn-imid 27 28
cyano
100% -1- - —————
Cell lines 1C, (kM)/Amplitude
HuH7 (liver) 13/78 62/73 3/94 15/58 27/63 1/54
)
it 10/83 10/54 1/86 12/71 17/59 2/36 =
(colon) o
1)
|MDA-MB-231 (breast)] 10/87 40/74 3/91 21/56 20/51 3/71 -g Amplitude
S .
MDA-MB-462 10/87 40/74 1/99 21/56 20/51 3/71 = |
(breast) % H
1
IETLAE . 7/99 10/80 2/92 18/99 20/91 1/95 © |
(colon) !
PC3 !
11/95 9/65 2/98 20/75 20/67 2/72 !
(prostate) .
1
87/ 13/95 8/67 2/98 17/80 17/67 1/73 '
(breast) IC
50
Fibroblasts 8/40 16/33 1/36 5/28 7/33 4/47 >

Concentration (um)
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Results and discussion

...........................

(0]
S N,Bn
NC
_<\N N /)
' 19
19 28
Cell lines IC;, (LM)/Amplitude
HuH7 (liver) 3/94 1/54
CaCo-2
1
(colon] /86 2/36
MDA-MB-231
1
(breast) L) 3/71
MDA-MB-462
(breast) s 3/71
HCT116 20X 2/92 1/95
(colon)
PC3
2/98 2/72
(prostate) / /
MCF7
2/98 1/7
(breast) / /73
Fibroblasts 1/36 4/47

biosit : WVI\D\I-"y

Héléne Solhi
Dr. Rémi Le Guével

HN S .Bn

28

Compound 19 exhibits the best cytotoxicity profile, with IC;, at
the micromolar range. Comparison with the imidate analogue,
shows a decrease of the amplitude value, indicating a decrease of
the cytotoxicity. This observation confirms the importance of the
carbonitrile part on the C2 position, and allows us to identify
linear thiazoloquinazolinone 19 as a structure of interest.
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Conclusions During this work were performed :

During this work were performed :

/| Development of a regioselective cyclisation of N-arylcyanothioformamides (Appel Salt Chemistry)
V| New reactionnal pathway for the synthesis of linear analogues of EHT1610/FC162

/| Biological evaluation - Identification of a structure of interest (&) s soisee it |

Roscoff '

NH F OMe N
Meo—/3~ j@l 4
S HN S (0]
/
N N, /A i
\)N )N New reactionnal pathway N C—(S N
~

N N/ \N N/)

[Pd]-catalyzed
EHT1610 FC162 regioselective cyclisation
ICs50 = 0,36 NM ICs50 =11 NM

Cytotoxic structure

DYRK1A inhibitors (Kinase inhibition X / Cytotoxicityv”)

(Kinase inhibition v’/ Cytotoxicity X)
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