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AbstractÐPotent inhibition of Janus kinase 3 was found for a series of naphthyl(b-aminoethyl)ketones (e.g. 7, pIC50=7.1�0.3).
Further studies indicated that these compounds fragment in less than 1 h by retro-Michael reaction in the Jak3 in vitro ELISA
assay procedure. The breakdown product of 7, 2-naphthylvinyl ketone (22, pIC50=6.8�0.3) showed very similar inhibitory activity
to 7. Compounds 7 (in neutral bu�er) and 22 will be useful pharmacological tools for the investigation of the Janus tyrosine kinase
Jak3. # 2000 Elsevier Science Ltd. All rights reserved.

Organ transplant surgery has become a standard treat-
ment for organ failure, and the success of this surgery
has depended on the selection of appropriate donor
organs and drug treatment to control host rejection of
the new organ. The macrocyclic fungal metabolite
cyclosporin A1 has been the mainstay of this drug ther-
apy, and rapamycin has recently shown2 good results in
transplantation trials. The discovery of synthetic small
molecule immunosuppressive agents with minimal side
e�ects is a key objective in immunotherapy, and herein
we report an approach involving inhibition of the Janus
tyrosine kinase Jak3.3,4

Cytokines are involved in the growth, di�erentiation
and function of many cell types. They bind to cell sur-
face receptors triggering intracellular signalling path-
ways, and this results in the activation of the Janus
kinase family of tyrosine kinases. Jak3 is a recently dis-
covered4 member of this family, which also includes
Jak1, Jak2 and Tyk2. Whilst other family members are
expressed relatively ubiquitously, Jak3 is mainly found4

in lymphoid cells, and appears only to be stimulated by
activation of cytokine receptors containing the wc sub-
unit (IL-2R, IL-4R, IL-7R, IL-11R, IL-13R), but not by
T cell receptor activation. Therefore it is predicted that
Jak3 inhibition should lead to immunosuppression by
blocking the T cell mitogenic signal mediated by the
cytokine IL-2. This view is well supported: the clinical
e�ciency of IL-2Ra antibody in transplant rejection,5

the lack of response to IL-2 in patients with de®ciencies in

Jak3,6 and reports6 that Jak3 knockout mice are immu-
node®cient. Thus Jak3 inhibition represents an attrac-
tive and novel means of achieving immunosuppression.

There are few known structural classes of small mole-
cule Jak3 inhibitors, with two of these being non-selec-
tive inhibitors. Thus WHI-P131 1,7 is within a known8

family of EGF-R tyrosine kinase inhibitors, and AG
490 2, has been reported both as a Jak29 and a Jak3
inhibitor.10 Weak Jak3 inhibition (pIC50 4.8�0.3) was
detected11 for 2, and it was used as our standard inhi-
bitor. Indolone inhibitors 3, were recently described.12

As part of a search for novel, selective inhibitors of
Jak3, >200,000 compounds from the Alderley Park
collection were screened11 for Jak3 inhibition in an
ELISA assay at test compound concentrations of 10 mM.
Amongst the con®rmed active inhibitors found (criteria
for activity was inhibition better than pIC50= 4.5) was
a series of 2-aminoethylketones (AEKs 4±11, Table 1).

Chemistry

Compounds 4±11 (Table 1), and 13, 14, 21 (Table 2)
were prepared13 by conventional Mannich reactions of
the corresponding aryl ketones with amine hydro-
chlorides and formaldehyde. The oxime 15 was synthe-
sized by reaction of hydroxylamine with 4. 2-Acetyl
naphthalene was dimethylated with MeI in the presence
of KHMDS to give the corresponding isopropyl ketone,
which was transformed to 16 in a Mannich reaction
with morpholine (Scheme 1). A known14 aldehyde 17,
was converted to 18 by reductive amination (Scheme 2).
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Reaction of the morpholine amide 19 with pyrrolidine
and subsequent reduction with LiAlH4 a�orded 20 after
acidic hydrolysis (Scheme 3). The vinyl ketone 22 (Table
3) was obtained by ®ltration of 4 through a silica gel
column in 1% MeOH/CH2Cl2, and the corresponding
alcohol 23 by reaction of vinylmagnesium bromide with
2-naphthaldehyde.

Results and Discussion

The results in Table 1 indicated that the 2-naphthyl
derivatives 4±7, were particularly potent Jak3 inhibitors,
whereas compounds 8 and 11, which contain only
part of the naphthyl ring, were signi®cantly less potent

inhibitors. Variation of the amino-group alkyl sub-
stituents showed that compound 7 with the most lipo-
philic N-benzyl-N-isopropyl substitution gave superior
Jak3 inhibition. Despite the clinical use13 of some AEKs
(e.g. falicain 12, an anaesthetic), there are publica-
tions15±17 reporting that these compounds could break-
down, by either retro-Michael or retro-Mannich
reactions. Detailed studies17 indicate that fragmentation
via retro-Michael reaction is the signi®cant breakdown
pathway, so the synthesis of potentially more stable
AEK analogues was carried out (Table 2). Introduction
of a methoxy group 13, in order to increase stability,
resulted in a considerable fall in inhibitory potency.
Moreover signi®cant inhibitory activity was lost when an
additional stabilizingmethoxy group 14, was incorporated.

Table 1. 2-Aminoethylketone inhibitors of Jak3 kinase

Compound Structure Formula Mp (�C) pIC50 (�0.3, n=2)

4 C17H19NO2
.HCl 190±3 5.7

5 C19H23NO.HCl 156±8 6.1

6 C15H17NO.HCl 155±7 6.2

7 C23H25NO.HCl 145±8 7.1

8 C16H21NO2
.HCl 166±8 4.9

9 C17H19NO2
.HCl 160±3 5.5

10 C21H21NO2
.HCl 212±5 6.3

11 C15H18ClNO2
.HCl 172±4 4.9

2 AG 490 Ð Ð 4.9
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It is known17 that the ketoxime derivatives of AEKs are
more stable than the corresponding ketones, and with
the oxime 15, inhibitory activity was also lost. Placing
substituents at the a-position of the ethyl group adja-
cent to the carbonyl group (as in 16, 18) in an attempt
to avoid retro-Michael elimination of the amino func-
tion, also gave compounds without useful Jak3 inhibi-
tory activity. It is possible that the structural changes
employed (Table 2) to increase compound stability had
also resulted in a poor ®t at the Jak3 enzyme inhibitory
site, and had thereby accounted for the much reduced
inhibitory potency. However, due to the diversity of the
structural variation of the AEKs in Table 2, it was pos-
tulated that the inhibitory potency of the compounds in

Table 1 was attributable to decomposition during the
ELISA assay for Jak3 inhibition. Examination of com-
pound 7, at a concentration of 20 mM in a similar
phosphate bu�er (pH 7.43) to that used in the Jak3
ELISA assay, indicated that the half life for decom-
position was 36 min, at 25 �C. The only breakdown
product was identical by HPLC (Hi-RPB 250�2.1 mm
i.d., 40% MeCN/0.2% HCO2H, 0.5 mL/min, UV
detection at 244 nm) to a synthetic sample of vinyl
ketone 22 (Table 3), the putative retro-Michael break-
down product.

The structure±activity relationship for the compounds
in Table 1 indicated the need for a lipophilic aryl ring
system, substituted with a carbonyl group, which itself
has a b-aminoethyl substituent. Results in Table 2
showed that if the carbon atom where the retro-Michael
reaction would be triggered had its hydrogen sub-
stituents replaced by carbons, inhibitory activity was
lost. In addition, when the compounds were more
stable, inhibitory potency declined. The breakdown
product 22 (Table 3) gave similar inhibitory potency to

Table 2. Jak3 kinase inhibition of more stable 2-aminoethylketones

Compound Structure Formula Mp (�C) pIC50 (�0.3, n=2)

13 C18H12NO3
.HCl 198±201 4.8

14 C19H23NO4
.HCl 200±3 3.7

15 C17H29N2O2
.HCl 139±41 <3.0

16 C19H23NO2
.HCl Ð <3.0

18 C18H17NO3
.HCl 130±3 <3.0

20 C18H21NO2 77±80 <3.0

21 C20H19NO.HCl 175±8 <3.0

Scheme 1. Reagents and conditions: (a) KHMDS (2 equiv), MeI (2 equiv); (b) HCHO, morpholine HCl.

Scheme 2. Reagents and conditions: (a) morpholine, NaBH(OAc)3.
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the corresponding AEK 7, and the analogous alcohol 23
(where carbonyl group activation of the vinyl group was
removed) had considerably less inhibitory potency.
Thus 7 and related structures were acting as prodrugs.

Phenyl-substituted (as opposed to naphthyl-substituted)
AEKs have been reported18 as potent inhibitors of the
tyrosine kinase EGF-R, but 7, and 22, were only very
weak inhibitors of EGF-R compared to Jak3 (Table 4).
Inhibitory activity against the Janus kinase family
member Jak1 (pIC50 7=4.3; 22=4.7), was also weak,
and there was insigni®cant inhibition of the tyrosine
kinases Lck and CDK4 (pIC50 <5.0). Thus high selec-
tivity has been shown against other tyrosine kinases, but
this statement is tempered by knowledge that there are
many such kinases involved in cell signalling pathways.

Although the naphthyl ketone 22, was shown to be a
potent inhibitor of Jak3 kinase, it may not be suit-
able for clinical development because of the known19

mutagenicity of the vinyl ketone chemical class. The
new Jak3 inhibitor 22, gave competitive binding at the
Jak3 ATP site, inhibition of STAT-5 phosphorylation
and inhibition of T-cell proliferation.20

In summary, 7 decomposed in neutral bu�er to a�ord
potent inhibition of the Janus kinase 3, and could be
used as a standard Jak3 inhibitor in assays where
breakdown could occur. The retro-Michael breakdown
product of 7, i.e. 2-naphthylvinyl ketone 22, will also be

a useful pharmacological tool for further investigation
of the role of the Janus tyrosine kinase Jak3.
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