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A series of novel thienopyrimidin-4-amines have beesynthesized and evaluated as phosphodiesteras®) inhibitors. A
rationale for the observed selectivity against PDERas been obtained from molecular modelling studiesn the most active

10 cOmpounds.
“To Alan R. Katritzky, In Memoriam”

Introduction

Cyclic nucleotide phosphodiesterases (PDES) commigroup
of metalloisoenzymes that cleave the phosphodiésted in the

15 ubiquitous cyclic nucleotide second messengers cARRIlic
adenosine 3°,5-monophosphate) and cGMP (cyclimagine
3’,5"-monophosphate) to produce 5-AMP or 5-GMP
respectively. Since cAMP and cGMP mediate celludgponses
to a wide variety of hormones and neurotransmittersignal

20 transduction pathways PDEs play a pivotal role aintaining

5

5

their cellular leveld. To date, 11 families and 21 genes of PDEs

have been reported and all members contain a c@tseatalytic
domain of about 300 amino acids with25% sequence
homology. However, each PDE family recognizes acifipe
25 substrate and is selectively inhibited by differefaisses of small
molecules. Thus, the families of PDE4, 7, and 8fepreo
hydrolyze cAMP, whereas PDES5, 6, and 9 are cGMRiipand
PDE1, 2, 3, 10, and 11 accept both cAMP and cGMP
substrates (dual specificity PDEs). The key spatffi
30 determinant for recognizing the purine moiety pnésa cAMP
or cGMP is the so-called ‘glutamine (Q) switch’, ialin consists
of an invariant glutamine residue whose side oaitéon is fixed
differently depending on the surrounding amino sgid
On the other hand, in the structure of the duati§ppePDE1B
35 key histidine residue has been suggested to etladlevariant
glutamine to toggle depending on whether it bindéVE or
cGMP.

6

Taking into account the importance of cAMP and cGMP

concentrations in the regulation of many biochemgmhways,

40 PDEs are presently considered to be promising targe drug
therapy. As a consequence, selective PDE inhibitvesady have
or promise to have considerable therapeutic utilibainly as
anti-inflammatory agents, antiasthmatics, vasodkigt smooth
muscle relaxants, cardiotonic  agents, antidepressarg

4s antithrombotics and agents for improving cognitifeenctions
such as memory efcThe known heterogeneity within this family

7

a

s Phosphodiesterases and chemical structure for

of enzymes has allowed the synthesis of sever&lyhigglective
inhibitors, which have demonstrated efficacy in ariety of
disorder In this context, specific inhibitors of PDE7 haween
o reported and these include the benzene sulphonamile
5048F and other heterocyclic derivatives containing gailine
and spiroquinazoline unifs,azole compounds such as ASB
' 16165/ a thienopyrazole product and purine and pyrimidine
derivatives® However, there are some indications that PDE7 ma
s be a suitable target for treating inflammation amjeinction with
inhibition of PDE4, since the PDE7 inhibitor BRL 5048
enhanced the effects of rolipram, a PDE4 inhibitar,inhibiting
lymphocyte proliferation and cytokine release. Thigergistic
effect, which has also been observed for ASB 16165, led to
o the suggestion that PDE inhibitors targeting somealzinations
of PDE isozymes, such as PDE7/4, PDE7/3 or PDE766GId
have greater clinical efficacy than those thattaghly selective
Sfor PDE7 aloné.

PDEs inhibitors

The compacta-helical structure of PDEs consists of three
subdomains at the junction of which a deep pocketd| with

70 highly conserved residues makes up the active Attés wider

side there is a binuclear metal ion centre (‘M m9kin which a
Zn*" is coordinated by two His and two Asp residues andg’*
is coordinated by one of these aspartates. Thelowdion sphere
of Zn*"is completed by two water molecules and that of My
s five water molecules, one of which bridges the metal ions. At
the narrow side of the active site is the ‘Q poGkethich
harbours the invariant purine-selective glutamesdue that also
controls the orientation of inhibitor binding, aadhydrophobic
clamp’ (also known as the ‘P clamp’) made up byaa pf highly
o conserved amino acids. A number of crystal strestuof the
complexes formed between the catalytic domains DE4B,

This journal is © The Royal Society of Chemistry [year]
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PDE4D, PDESA and PDE7 and several inhibitors redéédrent Scheme 1General strategy for the preparatiori@nd2
parts of these ligands sandwiched between theséydimphobic
amino acids®! A general scaffold can thus be defined for any
given inhibitor based on the contacts within theése pockets & NH, + %[/
s plus additional interactions with a solvent-fillsitle pocket (‘S N : NH,
pocket) ! Selectivity is determined by the chemical natufe o FS\( d\(
NRR

surrounding amino acids and the conformational atinm

allowed within each PDE active site, taking inte@mt that the
Q pocket can be further divided into two narrow lidgep s =N :> ’X\ —> l_f
10 hydrophobic subpockets (@nd Q) separated by a ‘saddle’ that " /

is formed by the conserved glutamine and the P l&®iven the

less conserved nature of the residues in the tvgoilipockets of

different PDE family members, it is reasonable thate regions 9

are effectively exploited in the search for isofesaiective PDE 7 Preparation of starting thiophenes 7
s inhibitors. In this regard, it is worth mentioninthat the

pyridazinone oxygen of the PDE3- and PDE4-seledtifébitor

3

z

Py

zardaverine was found to coordinate directly wita Zrf* cation H.C 9 OF H,C 9 OFt
in the predominant binding pose present in a coxpiith Method A ° Z/—& t+ /Z—&
PDE4D2° whereas in a previous cocrystal structure of #mes s N N

20 ligand with the same PDE, the bound water moletidd not 5 Sy 7a O\) 7b

been displaced and the pyridazinone moiety didpoedatt toward )k ot S, 2 0\
. . . . 1 2 A OEt
3e
R

the M pocket? This observation has to be taken as an indication R\j .
of both the possibility of alternate binding modes a given CN  Method B
inhibitor, even under the same crystallization ¢tods, and the

2s tightness of the water-Zhinteraction, which nevertheless allowss HsCANH: rece o
for water-mediated hydrogen bonds with the ligafidsis, other S \ECN H.C \ OFt
inhibitors, rather than coordinating directly t@tArf*, hydrogen /I
bond to one of the water molecules in the secodagon shell Method C NC™ g7 NH,
of this metal ion, e.g. vardenafil, sildenafil aredialafil in their 7*

30 complexes with PDE4B and PDES5A, or to a water in thg
coordination sphere of Mg e.g. the dichloropyridyl group of  Scheme ZPreparation of starting thiopheries
roflumilast, the pyridine nitrogen of piclamilas€g, values of 41
pM and 21 pM toward PDE4B and PDEA4D, respectivelgy the
carboxylate oxygens of cilomila&t.Taking into account these

3s considerations, and in line with previous work n¢pd by
Gotanda et al® Castro et al? and Banerjee et a°,we were
particularly interested in ascertaining whether tligsed
aminopyrimidines  thieno[3,&}pyrimidin-4-amines 1 and

Whereas ethyl 3-amino-2-thiophene-2-carboxylage is a
commercial product and was used as the solestartatgrial for

9 the preparation of thienopyrimidinone% aminothiophenes
were synthesized using a modified Gewald procetiuféws, a
mixture of acetone (RR? = Me, 1 equiv), ethyl cyanoacetate (1

substituted thieno[2,8}pyrimidin-4-amines2, especially with a equiv), allotropic sulfur $(1-1.1 equiv) and morpholine, with

40 cyano substituent in 'RScheme 1), could serve as scaffolds for ethanol as the solvent, was heated under reflud for(Method
the development of novel PDE7 inhibitors. In aduditiwe are *° A). This reaction gave a complex mixture from whisk were

keen to examine a possible secondary action ottheslecules able to isolate the thiophene derivatite (50% yield), together
as PDE3/4 inhibitors. The work described here corceour Wit @ by-product identified as the 5-morpholinerivative 7b

preliminary efforts towards achieving these gdéls. (21% yield) (Table 1, entries 1 and 2). A relatedcess was
described previously by Pinto et8lfor the preparation of a

o Series of novel serine protease inhibitors. Takiimgo
consideration the large quantities of thiopheneptatas required,
Chemistry we focused our efforts on a search for the bestlitions for this

reaction in order to avoid the formation of by-puots. Initial
The general strategy for the preparation of liesof thieno[3,2-  attempts to modify the number of reagent equivaleamine base
d]pyrimidin-4-amines1 and thieno[2,3d]pyrimidin-4-amines2 105 or the number of base equivalents did not affeetaburse of the
so from the corresponding aminothiopherfeand?7 and thioamides  reaction. On using the process developed by McKitdtel.X® in
8 or substituted nitrile9 is outlined in Scheme 1. This sequence which pyridine was used as the solvent in the preseof
is based on the efficient preparation of substitute diethylamine at room temperature, a slower reactar (48 h
thienopyrimidinones3-5, which in most cases was carried out versus 4 h) was observed but the overall yield eased
under microwave irradiation with samples procesaeal parallel 110 substantially. The reaction was also cleaner aedigblation of
ss manner, whereas starting materiais8 were obtained by the pure compounds was less tedious (Method B). r8leve
adaptating previously reported methodologies. ketones were used as starting materials, includitkyl and
cycloalkyl ketones (Table 1, entries 3-5 and 6peetively). The

s Results

2 | Journal Name, [year], [vol], 00—00 This journal is © The Royal Society of Chemistry [year]



Page 3 of 9 Organic & Biomolecular Chemistry

best results were obtained for tetra-substitutémpttenes7d and Scheme Preparation of starting thioamidés
7e. On theassumptiorthat a CN group in the'Rositioncould
lead to a higher affinity for the target, compouiidvas prepared.

. . A . o Lawesson’s S
However, in this case the best results were oldasterting from )J\ reagent )j\
i itri i i R ONH, —— 3
s 3-aminocrotononitrile (1 equiv), rather than therresponding 2 THE RT. 30 min NH,
ketone, along with ethyl cyanoacetate (1 equiupt@pic sulfur 8b-f, 8h,i
Ss (1-1.1 equiv) and piperidine. The mixture was adatnder 55
reflux for 24 h using ethanol as the solvent (Meiti@ Table 1, o e Ee 8, RO = Cyclohexyl
entry 8)%° The structures of the 2-aminothiophefgsrepared for 8c, R3=ipr 89, R®=Ph

8d, R3=Bu 8h, R®=CH,Ph

w0 this project and the results obtained using thesthods are 8e, Ri=Bu 8 R?= (CH,),Ph

shown in Scheme 2 and Table 1.

0 Preparation of substituted thienopyrimidinones 3a—dand 4a—

Table 1Result in the preparation of starting thiophehes q using a microwave-assisted parallel synthesis predure

15

Entry Ketone Method 7 Yield
NH, s MW AN
R O e = O
g~ TCO,Et HNTRY (550w) s NH
1 Me Me A NIV 0 8 0 3ad
Ta
H,C CO,Et 5 o
2 Me Me A Y 21 RQ  COfEt R
20 N s~ TNH, S MW NH
°S AN -HCl PR , — R 7] Y
he co R s~ TNH HN" "R’ (550w) ST R
3  Me Me B m 65
NH. Ta-e 8 4a-q
S 2
Bu, '® COEt
4 Me 'Bu B UNH 35 70 Scheme 4 and Table Preparation of thienopyrimidinon8a—d and4a—
s g using microwave-assisted parallel synthesis
* A Entry R R? R Compound  Yield
5 Et Me B Hacl:&wz 83
b CO,Et 1 H Me 3a 97
6 -(CHy)s B Q:&NHQ 60 2 H Et 3b 76
e 3 H Bu 3c 64
HG  COSEt s
8 - C 70 4 H H PhCH- 3d 77
. NC’@\NHZ H
7t 5 H Me Me 4a 48
6 H Me Et 4b 56
Method A: Corresponding ketone (1 equiv), ethylreyacetate (1 equiv), 7 H Me Bu 4c 67
allotropic sulfur Sg (1-1.1 equiv), morpholine in EtOH, reflux 4 h;
. . . . 8 H Me Ph 4d 63
Method B: Corresponding ketone (1 equiv), ethylmmacetate (1 equiv),

35 allotropic sulfurSs (1-1.1 equiv), diethylamine in pyridine, RT, 48 h; 80 9 H Me PhCH- de 94
Method C: 3-Aminocrotononitrile (1 equiv), ethylanyoacetate (1 equiv), 10 H iBu Cyclohexyl 4f 81
allotropic sulfurSs (1-1.1 equiv), piperidine in EtOH, reflux 24 h. )

11 H 'Bu Ph 4g 98
12 H Bu PhCH- 4h 61
a 13 H 'Bu Ph(CH),- 4 67
Preparation of starting thioamides 8 14 Me Me Et 4 63
85
. . . . . 15 Me Me 'Pr 4k 37
The thioamides used as starting materials for tmstcuction of .
thieno[3,2d]pyrimidin-4-aminesl and thieno[2,3f]pyrimidin-4- 16 Me Me Bu 4l 13

s amines2 are outlined in Scheme 3. Thioacetamid@£RCH,, 84) 17 Me Me  Cyclohexyl 4m 81
aqd thlpbenzamlde = Ph,8g) are commgrmal prgducts. Otlher 18 Me Me Ph an 23
thioamides 8b-8f and 8h,i) can be obtained, using described
method$! from the corresponding amide by reaction with 19 Me  Me PhCht 40 28
Lawesson’s reagent. 20 -(CH)s Bu 4p 50

90
50 21 -(CH)s PhCH- 4q 55

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 3
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The distinctive properties of microwave heatingeofunique
opportunities for medicinal chemists
optimization processes in early drug discovery. Huhnology is
ideal for small-scale discovery chemistry becadsallows full
reaction control, short reaction times, high safetyd rapid
feedback? Ideally, to obtain a well-defined heating pattean,
microwave apparatus with a ‘single-mode’ cavity
recommended as this allows uniform heating, a fattat is very
important in organic chemistry to achieve highqrroglucibility,
predictability of results and hence optimization gields.
Although equipment costs have dropped dramatidcallyecent
years, they have not yet fallen to a point whererowave
instrumentation is viewed as a standard piece bbrktory
equipment. As an inexpensive alternafite,we previously
described a device suitable for a domestic micremaven that
consists of a Teflon disk (5 mm thick) capable ofding up to
28 vials (20 mm diameter), which is placed in thaximum
irradiation area of the oven. The calibration o tenergy
received by the samples was carried out as dedcib&@he
device allows the rapid parallel synthesis of sndiemical
libraries®* In this context, the preparation of thienopyrimidi-
ones, which usually requires very vigorous reactionditions
and prolonged reaction times, can be achievedrsjaitom the
corresponding thioamide®s amino-thiophene-carboxylatésand
7, as hydrochlorides, without solvent and under avicve
irradiation. In a typical general procedure, twedtymL open
vials containing a homogenized mixture of the cgponding
thioamide8 (3 mmol) and amino-thiophene-carboxylafesnd?,
as hydrochlorides (1 mmol), were inserted into #ofedisc and
irradiated at 550 Watts power for 3.5 minutes (tmelated to the
number of samples). Under these conditions meltinas
observed along with the production of gas. Reactieere treated
in parallel using a VacMaster Station SPE to yidlte
corresponding thienopyrimidin-4-on8sand4. Compounds and
4 proved to be difficult to purify by chromatograptye to their
limited solubility and by crystallization due to-poecipitation of
inorganic materials. For this reason, the subsedquesctions
were successfully performed on semi-pure materiatsd
thereafterthe final products were rigorously purified. Theuks

to speed umdle

procedure  (Scheme 5) vyielded the corresponding
thienopyrimidinone$a—k (Table 3), which were simply isolated
0 and purified by trituration with diethyl ether.

o
H.C
H,C, CO,Et M HCI (gas) ¢
; - . NH
s A e e
Dioxane Pz
NC™ g7 TNH, R® RT s N)\Rs
7t 9a-k 5a-k
65 5a, R®=Ph
5b, R® = 4-CH,Ph 59, R® = 3,4-diCH,OPh

5c, R3 = 4-CH,0Ph 5h, R®=3,4-OCH,0Ph

5d, R3 = 4-CIPh 5i, R®=3,4,5-riCH;OPh

5e, R3=4-NO,Ph  5j, R?=3,4-diCH,0PhCH,-
5f, R®=4-CF,Ph 5k, R? = 3,4,5-triCH,OPhCH,-

70 Scheme 5and Table 3 Preparation of thienopyrimidin-4-ones-6-cyano
substituted in the presence of HCI gas

Entry R R? R 5 Yield
1 CN Me Ph 5a 92
2 CN Me 4-CHPh 5b 72
75 3 CN Me 4-CHOPh 5¢ 97
4 CN Me 4-CIPh 5d 84
5 CN Me 4-NGPh 5e 47
6 CN Me 4-CRPh 5f 81
7 CN  Me 3,4-diCHOPh 59 98
8 CN Me 3,4-OCHOPh 5h 22
% 9 CN  Me 3,4,5-triCHOPh 5i 63
10 CN  Me  3,4-diCHOPhCH- 5 47
11 CN  Me  3,45tiCHOPhCH- 5k 69

s Preparation of libraries of thieno[3,2-d]pyrimidin-4-amines 1
and thieno[2,3d]pyrimidin-4-amines 2

obtained for compound8 and 4 using this methodology are

shown in Scheme 4 and Table 2.

Preparation of thienopyrimidin-4-ones-6-cyano substuted 5
in the presence of HCI gas

The microwave heating methodology was very efficiiem the
construction of thienopyrimidinone3a—d and 4a-q. However,
when we attempted to use this process on the aniipdtenerf,
which bears a carbonitrile moiety on th&p®sition, only starting
material was recovered. This behaviour could hébated to the
low nucleophilicity of the amino group, which inighcase is
conjugated with the carbonitrile function. It waen decided to
use the method described by Shishoo et®aNhich involves
bubbling dry HCI through a stirred solution of (1 equiv) and

the corresponding benzonitrife (1.5 equiv) in dioxane at room

temperature for 2—-3 hours (until saturation), amehtstirring the
mixture at room temperature for a further 12 h quebriThis

The general strategy for preparation of compoubalsi, 2a—x
and 2aabk (with a cyano substituent in R from the

9 corresponding3-5 is outlined in Scheme 6. This sequence is
based on the efficient preparation of chloro deives 10 and11,
which were obtained by reaction with phosphoruscbigride
under reflux. These intermediates were not isolaad were
directly reacted with the corresponding aminesutaigh the final

o5 products. Thus, this stage consisted of a nucléioghibstitution
of chloride by a range of cyclic and acyclic amin@®ceeding in
a parallel manner, by heating a solution of therexponding
chloro derivatived 0, 11 and the amine (1.3 equiv) in ethanol and
25-mL Duraff bottles with polypropylene caps (purchased from

100 Aldrich) inside a Heraeus T5060 oven were used @dopm
nucleophilic substitutions in parallel after testirthat they
withstood, without undergoing explosion or any Ildjloss, 90 °C
for 24 h when filled with 12 mL of water. For th&periments
described they were used at temperatures betwe€efb 5T,

4 | Journal Name, [year], [vol], 00—00
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without stirring for 12 h, and no problems were eved. The

results for compound$ and?2 obtained using this methodologyso

are shown in Scheme 6 and Tables 4 and 5.

3 3
N _R Ne_R _ N R
J ] \\r / | \\( Amine 7 | \\|/
NH S N —_— s N
S
POCI 75°C, .
o 3 al 2-12h R
3a-d 10 la-d
Refl 2-12 h

R} o 2 Cl R? R

R
NH X Amine X
R% L N Y N
- R [ —=R |
S ? s N/)\ R® S N/)\R@

75 °C,
2-12h

- 1 R2=
da-g (R, R*=H, alkyl) 11 2a-x, 2aa-bk

5a-k (R1= CN, R? = CH,)
5

Scheme 6and Table 4 Results from the preparation d&d and 2a—x
andin vitro evaluation of PDE7 inhibition

10 Entry R R R

A

1,2 Yield PDE7
(%) ICs0 (UM)
or (10)%*

1 H H Me ,NCO la 85 200
B H H Et fNCo b 84 120
/N
3 H H Bu —N_ P 1c 86 71
4 H H  PhCH- 7N®o id 9 58
20
/N
5 H Me Me —N_° 2a 43 82
6 H Me Et 7N®o 2b 14 78
25 7/_\
7 H Me Bu NP 2 45 67
7N/_\O
8 H Me Ph u 2d 63 22
9 H Me PhCH- 7N®o 2 82 62
30
10 H Me PhCH- fNCNH 26 32 (10)4.1*
11 H Me  PhCH- ,NCN,MQ 2g 18 150
% 12 H 'Bu Cyclohexyl VS 2h 45 (10)7.5*
_/
13 H 'Bu Ph % 2i 12 (10)12.7*
/
14 H 'Bu  PhCH- _/ 2 63 (10)1.4*
40 —/
15 H 'Bu Ph(CH):- L, 2k a4 (10)2.7*
__/
16 H Bu Ph Van 20 12 (10)5.1*
7N\_/N*Me
17
45 H 'Bu PhCH- _ /™ . 2m 57 (10)5.8*

18 H 'Bu Ph(CH)r _¢ Np, 2n 54 (10)7.5*

@

65

70

75

85

920

95

100

105

Table 4 (cont)
Entry R R? R? R 2 Yield PDE7
(%)  ICs(uM)
or (10)0~*
19 Me Me Et N % 20 63 19
/
i / N\
20 Me Me 'Pr —N_ o 2p 24 27
/ N\
21 Me Me 'Bu NP 29 26 12.9%"
/\ Ph
22 Me Me  Cyclohexyl-y n—< 2r 18 29.5%
/" en
23 Me Me Ph 7N®o 2s 18 25.304%
24 Me Me PhCH- — w-cu, 2t 30 22
25  Me  Me Phch- —¢ W< 2u 10 4.2%*
" pn
/N
26 -(CHp)a- Bu ~N_P° 2v 69 32
27 -(CHy).- Bu ) 2w 71 13.5%
28 (CHo)w PhCH- —_ jwe 2x 18 8.4

*% inhibition at 10 pM

Entry R R 2 Yield PDE7
(%)  1Cso (1M)
or (10)%*
1 Ph — ) 2aa 58 1.8
2 Ph — \-e 2ab 52 2.9
3 Ph ¢ \-en 2ac 40 9.0%*
Ph
4 Ph — ) 2ad 33 5.99%*
N\_/N4<Ph 0
Et
5 Ph —N, 2ae 52 0.42
Et
6 4-CHsPh fNCO 2af 92 1.1
Et
7 4-CHPh  —N 2ag 32 0.49
Et
8  4-CHOPh 7N®o 2ah 55 0.31
9 4-C|-130Ph,N®N,CH3 2ai 46 6.9
10  4-CH,OPh *”C”jh 2aj 40 20.4%*
11 4-CHOPh _ /™ 2ak 23 1
Me
12 4-CHOPh B  2al 44 0.24

Table 5Results from the preparation 2da—bgandin vitro evaluation of
PDE? inhibition

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 5



Organic & Biomolecular Chemistry Page 6 of 9

Table 5 (cont)

Under optimal conditions, substituted thienopydimones3a—c
eo reacted in the first instance in the presence obésphorus

oxychloride and later in the presence of morpholinged as a

model amine) to give thieno[3@pyrimidin-4-aminesla—c in

Entry R? R 2 Yield PDE7
(%) ICs0 (uM)
or (10)%*
°13 4-CHOPh e 2am 23 0.26
I
14 4-CHOPh ﬂo 2an 43 0.65
15 4-CIPh % 2a0 69 3.3
10 _/
16 4-CIPh F 2 45 1.2
\EI
17 4-NO,Ph T 2aq 24 12.7%*
_/
518 4-NOPh & \ecn 2ar 57 0.34
_/ N
19 4-NOPh B 2as 44 6.1
\EI
. 20 4-CRPh 7N®o 2at 35 38.79%*
21 4-CRPh 5 2au 33 13
Et
22 3,4-diCHOPh fNCo 2av 47 0.037
Et
% 23 3,4-diCHOPh -, 2aw 22 0.028
24 3,4-OCHOPh 7N®o 2ax 57 0.33
/_/OH
25 3,4-OCHOPh —N 2ay 39 0.17
30 Me
26 3,4,5-triCHOPh ,H"B“ 2az 95 0.0046
27 3,4,5-triCHOPh 7NQ 2ba 63 0.002
H e
M\N*Me
3 28 34,5tCHOPh /' 2bb 36 0.18
H
29 345-tiCHOPh  —\ \w 2bc 44 0.0017
~
Me
30 3,4,5-triCHOPh 7NjN 2bd 33 0.13
40
31 345riCHOPh  \ o 2be 26 (40)** 0.0051
H /
32 3,4-diCHOPhCH- "  2bf 60 1.3
H
4533  3,4-diCHOPhCH- ﬁ 2bg 80 0.0046
—N
H
34 3,4-diCHOPhCH- _ /™  2bh 39 0.039
\{
35 345riCHOPhCH- 7 2bi 82 0.0018
50 H
36  3,4,5-triCHOPhCH-  _ /" 2bj 80 0.009
H
37  3,4,5-triCHOPhCH- ﬁ 2bk 82 0.0062
—N
H

55

excellent yields (entries 1-3, Table 4). Howevkg application
of these conditions t8d (entry 4, Table 3) gave 1d in only 9%
es yield. This process was applied to thienopyrimidiesda—qwith
variable results. In general, yields appear to b#eb in the
presence of morpholine but the nature of substitirerR'-R®
must be taken into account. Variable results wése abtained
with thienopyrimidinoneba-k. These compoundsear a cyano
o substituent in R and this could favour the nucleophilic
substitution of chloride by the corresponding am{g¥ stage,
Scheme 6). However, this favourable situation couldd
counteracted by a slight tendency to form the redated
derivative 11 in the presence of phosphorus oxychloride. In
75 general, better results were obtained in the r@adtith primary
amines (for example, entries 26, 27, 32, 33 and335Fable 5)
whereas the poor results obtained on starting frdm
aminopyridine (entry 31, Table 5) can be attributedhe lower
nucleophilicity of the exocyclic nitrogen in thisink of
so heterocyclic derivative. Fa2be, better results were obtained by
reaction of 4-aminopyridine in the presence of NaHDMF and
halogenated derivativil for 2 h, at room temperature (entry 31,
Table 5 and ESI).

85
Biological and molecular modelling results

The results of thein vitro evaluation of the synthesized
compounddl and2 as PDE?7 inhibitors are given in Tables 4 and
5. For the most active compounds thel@h pM is given
whereas for derivatives with low activity only tBe inhibition at
10 puM is displayed.
Thieno[3,2d]pyrimidin-4-morpholine derivativesla-1d, with
R, R? = H and R = morpholine, were relatively poor PDE7
os inhibitors with 1G, values in the range 58-2QMM (entries 1-4,
Table 4) and with the best value obtained fok with R =
benzyl. Similar unsatisfactory results were obtdindor
thieno[2,3d]pyrimidin-4-amines2a-x. The presence of bulkier
substituents at Re.g. isobutyl, is associated with a decrease in
100 activity and thus this moiety limits the activity the set2h—n
(entries 1218, Table 4). The most active compounds in this
series ar@d, 20 and2t (entries 8, 19 and 24, respectively), all of
them morpholine or methylpiperazine derivativesvi and R
= H and/or Me and R= Ph, Et or PhCH respectively. But since
10s other compounds, such &p (entry 20, Table 4), again a
morpholine derivative, with Rand B = Me and R = isopropyl,
also displays modest values as a PDE7 inhibitorsignificant
differences can be attributed to the substitutiattgon in these
positions. Likewise, the presence of a fused ringRb-R? does
110 NOt seem to lead to enhanced inhibition 2sfand2w; entries 26
and 27) whereas an improvement is detected2fgorwhich is
endowed with a fused structure and a methylpipeeaizi K.
On the other hand, much better PDE7 inhibition ltsswere
obtained for the serieBaa-2bk, with Rt = CN and B = Me.

*Qinhibition at 10 pM

**4-aminopyridine, NaH, and1in dry DMF, rt for 3 h.

us Molecular modelling studies were then carried outtamine the
molecular basis of PDE7 inhibitory activity for #eecompounds.
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In our models, the thienopyrimidine scaffold isqad in the G
pocket of PDE7 with the cyano group at positict pointing to
the M pocketwhere it is able to interact directly with the?*
cation by displacing a coordinating water molecThis proposal
s is consistentvith the considerable boost in inhibitory potenny
this series brought about by incorporation of tmisiety (Table
5), which we identifiecas the most important activity cliff in th
structure-activity landscape (see belén this orientation, th

methyl group at position s located in the ; subpocket and the

10 substituent at position“Rs clamped by the side chains of Val:
and Phe416 inside the large Subpocket, which allows some
these compounds, e.Bbe and2bc (Table 5, entries 31 and Z
respectively), to establish direct hydrogen bondintgractions
with the carboxamidef GIn413 (the ‘Q switch’) and lower the

15 ICxo values. Finally, the substituents at positic® extend out of
the Q pocket into the sadwnt so that the phenyl ring makes »
der Waals contact with the side chain of Leu401 reage the
more favourable benzyl moiety, as 2k, has the phenyl rin
stacked onthe side chain of Leu420 and ttmetamethoxy

20 substituent interacting with Leu401 (Figuie

25

30

- a /d e \
Figure 1. Detail of the binding mode proposed f2be (represented as
45 sticks with C atoms coloured in cyan) a2iwk (represented as sticks w
C atoms coloted in orange) in the active site of hPDE7 (gréleban anc

lines). Metal ions are shown as spheres and watdecules are nc
displayed for the sake of clarity.

50
Structure-activity relationships

To validate the proposed binding mode we used thentScore

ss function?” as mplemented in the CRDOCK su® to calculate
the binding affinities in a reduced set of mded complexes
containing the most potent inhibitord/hen we compared the
scores with the experimental piGralues (Figure 2) the Pears
correlation coefficient fr= 0.79) was significantly better thi

so when only the number of ndmydrogen atoms per ligand w
used (f = 0.48).

Figure 2 ChemScore
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26
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s0 The structureactivity relationship (SAR) space was alsolored
within the SAR Index (SARI) framewor”® When systematic
topological comparisons using MACCS fingerprints wapelied
to SMILES string representations of the whole serief
compounds and the potencies were expressed i values, a
SARI of 0.39was obtained with continuity and discontint
scores of 0.42 and 0.64, respectively. These nealgrarameter
reveal a SARlandscape with activity clif?® and provide a
guantitative estimate fahe observationseported above. In fact,
Figure 3confirms that very similar compounds (Tanimoto ss
> 0.9) can have differences in inhibitory activitiglsup to 2 loc
units. These cliffs are mostly due to the dramaticrease ir
affinity brought about by the cyano moiety at piositR®, which
is poposed to coordinate directly Zn®**, and to the beneficial
effect of incorporating the three methoxy substitgein the
phenyl ring at position &

85

920
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Figure 3
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2a(Table 4, entry 5) vaf (Table 5, entry 6):

CN + change atR

2f (Table 4, entry 10) vRg (Table 4, entry 11):

NH > NCH; at R

2a(Table 4, entry 5) vat (Table 5, entry 20):

CN + change at R

2at (Table 5, entry 20) vs. 2av (Table 5, entry 22):
CF; at R > diOCH,

Structural basis for the selectivity

The results of the in vitro evaluation as PDE3 dPdE4
inhibitors for the most potent compounds as PDH7bitors

(2az, 2ba, 2bc, 2be and 2bg-bk) are given in Table 6. For

clarity, Table 6 displays in the first column thalwes for PDE7
inhibition. Once again, for the most active compasithe 1G, in
MM is given whereas for derivatives with low adijvonly the %
inhibition at 10 uM is displayed.

According to the proposed model, the selectivitly tbese
compounds for PDE7 over PDE4 and PDE3 can be astiti

the groups at positions’Rnd K. Amino acid substitutions in the 7

residues lining the Q pocket and the hydrophobamg are
common in all members of the PDE family excepttfa strictly
conserved Phe residue (Phe416 in PDE7). Despitath¢hat all
of these residues are hydrophobic in nature, theiying sizes
modify both the shapes and the ceilings of thes@bpocket,
where the Rand R substituents are proposed to be located.

To illustrate this, we rationalized the inhibsitoprofiles of 2bh

and2be The former compound contains a propargyl sulestitu
on the amine at position “Rand inhibits PDE4 poorly even

though it is a nanomolar inhibitor for PDE3 and FDHEable 6,
entry 6). The rigidity imposed by the triple bondrdes this
moiety to be accommodated directly perpendiculathe Q
subpocket. In the case of PDE7A and PDE3, the whlthe
cavity is made up by the side chains of lle412 &ed987,
respectively, while in PDE4 the positionally equére residue is
Ser368. We suggest that it is the decrease in phdiucity
brought about by the hydroxyl group present indiue-chain of
this amino acid that is detrimental for the affjnibowards PDE4
because of the high desolvation penalty that acemieg

complex formation. Compoun®bh thus appears to be a

candidate for a dual PDE7/3 inhibitor, which may hétable
when inhibition of these two isoforms is needed aithieve
therapeutic beneftt.In the case ofbe which inhibits PDE7 at
far lower concentrations than those necessary &pivalent
inhibition of PDE3 and PDE4 (Table 6, entry 4), mege that the
side-chain carboxylate of Glu407 is hydrogen bondedthe
peptide backbone NH of Leu401, the side chain oickvithen
packs against that of lle412 and interacts clossith the
trimethoxyphenyl substituent at positio. n PDE3 and PDE4
the position of this isoleucine is occupied by eitfPhe976 or
Met357, respectively, and no glutamate (replaced efther

Table 6 In vitro evaluation of selected PDE7 inhibitors over PDE3

60 and PDE4
Entry 2 PDE7 PDE3 PDE4
ICs0 (M) ICs0 (LM) ICs0 (LM)
or (10)%* or (10)%* or (10)%*
1 2az 0.0046 10.1%* 20.0%*
2 2ba 0.002 20.0%* 7.0%*
3 2bc 0.0017 2.8 26.1%"
® 4 2be 0.0051 31.4%* 32.4%*
5 2bg 0.0046 31.4 54.3%*
6 2bh 0.039 0.032 14
7 2bi 0.0018 10 6.7
8 2bj 0.009 9.6 44.6%*
9 2bk 0.0062 16 9.5

*% inhibition at 10 pM

Similar considerations can be formulated 2az and2ba (Table
75 6, with values forin vitro evaluation of the I in uM as PDE7

inhibitors of 0.0046 and 0.002, entries 1 and 2peetively), all

of which have a trimethoxyphenyl substituent atifpms R® and

very low activity for the inhibition of PDE3 and 4This

selectivity profile makes these compounds the mdesc of
so choice for further development as selective PDEbitors.

Conclusions

A novel series of thieno[3,dlpyrimidin-4-amines and
thieno[2,3d]pyrimidin-4-amines have been synthesized from
thienopyrimidinones. The target compounds were gnegp in

ss most cases under microwave irradiation and prodessea
parallel manner. These compounds have been testeidro as
PDE?7 inhibitors. For the most active compoundsresponding
to 4-aminothieno[2,2|pyrimidine-6-carbonitrile  derivatives,
molecular modelling studies provided a rationaler fine

9 improved PDE7 inhibitory activity and their seleity over
PDE3 and PDE4 isoforms. The selectivity profile2at, 2ba and
2be, all of which have a trimethoxyphenyl substituemt the
pyrimidine ring, makes these compounds the molscofehoice
for further developments as selective PDE7 inhibit®Dn the

o5 other hand2bh containing a propargyl substituent on the amine
position and a dimethoxybenzyl group on the pyrimédposition
is a nanomolar inhibitor of PDE7 and PDES3 but iitsit°’DE4
poorly. Therefore this compound stands out as al gamdidate
for a dual PDE7/3 inhibitor, which may be suitablhen

Pro982 or Ala363) stabilizes the conformation & fbop so that 100 inhibition of these two isoforms is needed to aechiea full
the interaction of the Rsubstituent with this residue is most therapeutic effect.

likely lost.
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