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Diaminopyrimidine and diaminopyridine 5-HT7 ligands
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Abstract—The present studies have identified a series of diaminopyrimidines and diaminopyridines as novel 5-HT7 receptor ligands.
Three regiosiomeric classes of pyrimidines and four regioisomeric classes of pyridines were synthesized and analyzed for binding to
the 5-HT7 receptor. The 5-HT7 binding affinities of different regioisomers show clearly the structure–activity relationship with
position of ring nitrogens.
� 2004 Elsevier Ltd. All rights reserved.
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The 5-HT7 receptor has been implicated in a variety of
therapeutic targets: cognition,1 depression,2 sleep dis-
orders,3 migraine,4 and schizophrenia.5 In a previous
paper6 we outlined the discovery of a novel class of 5-
HT7 ligands, the aminotriazines 1. To explore the limits
of the pharmacophore, ring nitrogens were replaced by
CH groups to arrive at the diaminopyrimidines 2–4 and
the diaminopyridines 5–8. Several analogs from each
series were synthesized and tested for binding to the 5-
HT7 receptor, and the results demonstrate the impor-
tance of the ring nitrogens in the positions denoted by W
and Y in 2–8.
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1 2 (W,Y = N; X,Z = CH)

3 (W,Z = N; X,Y = CH)

4 (Y,Z = N; W,X = CH)

5 (W = N; X,Y,Z = CH)

6 (X = N; W,Y,Z = CH)

7 (Y = N; W,X,Z = CH)

8 (Z = N; W,X,Y = CH)
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The diaminopyrimidines, iii, were prepared by the
sequential displacement of the halogens on the appro-
priate dichloropyrimidine i (Scheme 1). The choice of
amines was guided by previous experience from the
triazine class, which indicated that one of the amines
was preferably a branched amine ((S)-a-methylbenzyl-
amine preferred). The branched amine sidechain was
introduced by refluxing the dichloropyrimidine with a-
methylbenzylamine and diisopropylethylamine in ace-
tonitrile to give ii. In the case of 2,4-dichloropyrimidine,
this reaction gave a mixture of 2- and 4-amino products,
which were separated by flash chromatography and
carried on to the desired products separately. A neat
mixture of the appropriate primary amine and the
intermediate ii was heated at 140 �C to give the diami-
nopyrimidine products, iii.7
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Scheme 1. Reagents and conditions: (a) RNH2, NEt(iPr)2, THF; (b)

R0NH2, heat.

mail to: derek.denhart@bms.com;


Table 1. 5-HT7 binding9 of 9–17
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# * W X Y Z R0 5-HT7 Ki (nM)

9 S N CH N CH –(CH2)2–Ph 33

10 S N CH N CH –(CH2)2–(4-F–Ph) 5

11 S N CH N CH –(CH2)2–O–(4-F–Ph) 5

12 ± N CH CH N –(CH2)2–Ph 6

13 ± N CH CH N –(CH2)2–O–(4-F–Ph) 1

14 S CH CH N N –(CH2)2–Ph 0.6

15 ± CH CH N N –(CH2)2–(4-F–Ph) 6

16 S CH CH N N –(CH2)2–O–Ph 2

17 S CH CH N N –(CH2)2–O–(4-F–Ph) 0.3
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The influence of amines on the 5-HT7
8 binding SAR of

pyrimidines followed trends similar to those observed
for the triazines.6 One amine was fixed as a-methyl-
benzylamine (either the S enantiomer or the racemate),
and the other amine was preferentially phenethylamine,
phenoxyethylamine, or their 4-fluoro derivatives. The
results of this SAR for the pyrimidines are shown in
Table 1.

The 4,6-disubstituted pyrimidines, 9–11 (nitrogen in
positions W and Y), showed moderate binding affinity
to the 5-HT7 receptor. The 2,4-disubstituted pyrim-
idines, 12–13 (nitrogen in positions W and Z) demon-
strated slightly improved affinity, while the third class of
2,4-disubstituted pyrimidines, 14–17 (nitrogen in posi-
tions Y and Z), appear to possess the highest affinity
5-HT7 binding. The most potent pyrimidine from this
series was 17, with a binding affinity of 0.3 nM.

Replacement of another ring nitrogen by a CH group
led to diaminopyridines, which were synthesized as
shown in Scheme 2. The diaminopyridines, vi, were
prepared by the sequential displacement of the halogens
on the appropriate dibromopyridine iv. The branched
amine sidechain was introduced by reacting the di-
bromopyridine with a-methylbenzylamine (using heat
for 2,6-dibromopyridine and palladium catalysis10 for
other dibromopyridines). In the case of 2,4-dibromo-
pyridine, this reaction gave a mixture of 2- and 4-amino
W

Z

Y
X W

Z

Y
X

Br Br N
H

Br

CH3

W

Z

Y
X

N
H

N
H

CH3
R'

a (Z = N)

c

iv v

vi

b (W,X, or Y = N)

Scheme 2. Reagents and conditions: (a) RNH2, K2CO3, DMF, heat;

(b) RNH2, NaOBut, Pd2dba3, BINAP, toluene, 70 �C; (c) R0NH2,

NaOBut, Pd2dba3, BINAP, toluene, 90 �C.
products, which were separated by flash chromatogra-
phy and carried on to the desired products separately.
The appropriate primary amine was reacted with the
intermediate v, using palladium catalysis to give the
diaminopyridine products, vi. The second amine addi-
tion was routinely done in parallel reactions using pre-
mixed stock solutions of catalyst and ligand.11

As can be seen from Table 2, changes in the location of
ring nitrogens in the pyridine series caused significant
effects on 5-HT7 binding. 2,6-Disubstituted pyridines
30–31 (Z¼ nitrogen) showed a loss of activity, whereas
the 3,5-disubstituted pyridines 22–25 (X¼ nitrogen)
provided moderate activity. The 2,4-disubstituted pyr-
idines 18–21 (W¼ nitrogen) and 26–29 (Y¼ nitrogen)
both demonstrated high affinity for the 5-HT7 receptor,
with 26–29 being slightly more potent. Compound 29
demonstrated the highest affinity binding of the pyridine
class with an Ki of 0.2 nM. Compounds 32 and 33 are
included to show that at least one nitrogen does appear
to be necessary for activity.

Several compounds were also assayed against other
receptors to determine selectivity for 5-HT7 (Table 3).
Good to moderate affinity for the a1 adrenergic receptor
was shown by pyrimidines 13 and 17 and by pyridines 21
and 29, while pyridine 25 showed poor binding. Good to
moderate affinity binding to the 5-HT2c receptor was
shown by pyrimidine 13 and pyridines 21 and 29, and
again pyridine 25 showed poor binding (no value ob-
tained for pyrimidine 17). Only pyridine 29 showed some
binding to the 5-HT6 receptor. None of the compounds
in Tables 1 and 2 exhibited significant affinity
(Ki > 1000 nM) for the 5-HT1a receptor, the D2L receptor
(excepting the potent pyridine 29), or the serotonin
transporter. One can note that the selectivity ratios for
binding to 5-HT7 versus binding to a1 and 5-HT2c are
similar for the compounds in Table 3, even though each
has different nitrogen positions. Thus, for the com-
pounds represented in Table 3, the SAR for binding to a1

and D2L roughly parallels the SAR for binding to 5-HT7.

In conclusion, the present studies have identified 5-HT7

receptor ligands of two new structural types, the dia-
mino-pyrimidines and -pyridines, and a clear SAR



Table 3. 5-HT6, 5-HT2C, and a1 binding9 (rat) of 13, 17, 21, 25, 29

Compd 5-HT7 Binding Ki (nM) D2L Binding Ki (nM) a1 Binding Ki (nM) 5-HT2C Binding Ki (nM)

13 1 >1000 57 40

17 0.3 >1000 14 ––

21 0.4 >1000 27 13

25 4 >1000 379 476

29 0.2 370 8 15

Table 2. 5-HT7 binding9 of 18–33
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# W X Y Z R0 5-HT7 Ki (nM)

18 N CH CH CH –(CH2)2–Ph 3

19 N CH CH CH –(CH2)2–(4-F–Ph) 4

20 N CH CH CH –(CH2)2–O–Ph 0.4

21 N CH CH CH –(CH2)2–O–(4-F–Ph) 0.4

22 CH N CH CH –(CH2)2–Ph 13

23 CH N CH CH –(CH2)2–(4-F–Ph) 16

24 CH N CH CH –(CH2)2–O–Ph 4

25 CH N CH CH –(CH2)2–O–(4-F–Ph) 4

26 CH CH N CH –(CH2)2–Ph 0.3

27 CH CH N CH –(CH2)2–(4-F–Ph) 0.4

28 CH CH N CH –(CH2)2–O–Ph 0.4

29 CH CH N CH –(CH2)2–O–(4-F–Ph) 0.2

30 CH CH CH N –(CH2)2–Ph >1000

31 CH CH CH N –(CH2)2–O–Ph >1000

32 CH CH CH CH –(CH2)2–Ph >1000

33 CH CH CH CH –(CH2)2–O–Ph >1000
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emerged from the regiochemistry of the ring hetero-
atoms. The most active compounds were pyridines with
one nitrogen in positions denoted W or Y in the general
structure. The addition of a second nitrogen produced
pyrimidines with similar or slightly diminished activity
compared to the pyridines. The most active pyrimidines
were those with a nitrogen in either position W or Y and
another nitrogen in the Z position. These studies have
helped to further define the SAR of the amino-triazine
5-HT7 antagonists and have produced ligands which
may be useful in elucidating the role of the 5-HT7

receptor as a therapeutic target.
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in vacuo and the residue was dissolved in methanol and
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HPLC with conditions: column¼YMC ODS-A
20·100mm S5; solvent A¼ 10:90:0.1 methanol/H2O/
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flow rate¼ 20mL/min. Obtained product 28 as a TFA salt
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