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Development of new pyrrolopyrimidine-based
inhibitors of Janus kinase 3 (JAK3)
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Abstract—A new class of bicyclic pyrrolopyrimidine-based Janus kinase 3 (JAK-3) inhibitors are described. Many of these inhibitors
showed low nanomolar activity against JAK-3.
� 2006 Elsevier Ltd. All rights reserved.
Janus kinases (JAK), including JAK1, JAK2, Tyk2, and
JAK3, are a small family of cytoplasmic protein tyrosine
kinases which play pivotal roles in the initiation of cyto-
kine-triggered signaling events by activators of
transcription (STAT) proteins via tyrosine phosphoryla-
tion.1–3 Upon phosphorylation, the STAT proteins
dimerize and translocate to the nucleus where they can
then induce transcription of the corresponding cyto-
kine-responsive genes. This association with relevant
cytokine signaling pathways makes JAK3 an important
target for therapeutic intervention in the treatment of
autoimmune disorders, inflammatory diseases, and
organ transplant rejection. An important feature of
JAK3 is that it specifically associates with the common
cytokine receptor gamma chain (cc) which is a shared
component of the receptors for IL-2, IL-4, IL-7, IL-9,
and IL-15. Unlike the other JAK family members, that
are more widely expressed, JAK3 expression seems to be
mainly limited to hematopoietic cells. The unique inter-
action with the cytokine receptor gamma chain, along
with its limited expression, makes JAK3 an attractive
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therapeutic target relative to the other JAK family
members.

In the relatively young field of Janus kinase inhibition,
Pfizer has already progressed their JAK3 inhibitor,
CP-690,550, into Phase II clinical trials for acute
rejection in kidney transplant patients4 (Fig. 1). Other
JAK3 inhibitors have been reported, such as the non-se-
lective (within JAK family) but very potent tetracyclic
pyridone 2, reported by Merck.5 Aventis has published
an oxindole inhibitor, 3, that is one of the only
published JAK3 inhibitors that shows good enzymatic
selectivity vs JAK2.6 However, this oxindole inhibitor
also shows very strong inhibition vs a panel of CDK
kinases.

Our search for a new structural class of JAK3 inhibitors
resulted in the identification of two novel classes of com-
pounds, a previously published trisubstituted pyrimidine
class7 and a new potent pyrrolopyrimidine class of com-
pounds, exemplified by 4.

Synthesis of the bicyclic pyrrolopyrimidine 4 was
accomplished in seven steps from readily available
dichloropyrimidine carboxaldehyde 5 (Scheme 1).
Displacement of the first chloride with sarcosine
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Figure 1. JAK3 inhibitors.
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tert-butyl ester, followed by base induced cyclization
of the resulting aminoaldehyde, gave the core bicy-
clic pyrrolopyrimidine ring system 6. Oxidation of
the thiomethyl group with m-CPBA, followed by
reaction of the resulting sulfoxide with 5-azabenzim-
idazole under basic conditions at elevated tempera-
ture, yielded a mixture of 5-azabenzimidazole and
6-azabenzimidazole analogs, typically favoring the
5-azabenzimidazole regioisomer. Separation of the
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Scheme 1. Reagents and conditions: (a) sarcosine-tert-butyl ester-HCl,

Et3N, THF, 75%; (b) NaH, DMF, 0 �C, 58%; (c) (S)-a-methyl

benzylamine, iPr2NEt, DMF, 90 �C, 86%; (d) m-CPBA, CH2Cl2, 0 �C;

(e) 5-azabenzimidazole, K2CO3, DMF, 140 �C, 74%; (f) CF3CO2H,

CH2Cl2; (g) 1-methylpiperazine, EDAC, HOBt, iPr2NEt, THF, 68%

—2 steps.
two regioisomers was accomplished via meticulous
silica gel chromatography to yield the desired 6-aza-
benzimidazole analog. Standard manipulations of the
ester functionality provided final amides, such as
pyrrolopyrimidine 4.

Table 1 summarizes a survey of bicyclic pyrrolopyrim-
idine analogs. All compounds were tested for inhibi-
tion of JAK3 and JAK2 using the Kinase-Glo
Luminescent Assay.8 We found a remarkable differ-
ence in potency between the 6-azabenzimidazole and
the corresponding 5-azabenzimidazole regioisomers
(data not shown). The 6-azabenzimidazole analogs
typically showed a 4-fold to 15-fold increase in poten-
cy (both JAK3 and JAK2) relative to the 5-azabenz-
imidazoles. In most cases, the most potent analogs
in this series show either equipotency between JAK3
and JAK2 (compounds 12, 13, and 15) or in some
cases, a stronger potency for JAK2 than JAK3 (com-
pounds 4, 10, 11, 14, and 16). Interestingly, the Pfizer
inhibitor CP-690,550, reported to possess 20:1 selectiv-
ity favoring JAK3 over JAK2,1 shows virtually no
selectivity in either the Kinase-Glo assay (Table 1),
or in a separate radiometric filter binding assay.9

While the analogs substituted at the 4-position with
a (S)-a-methylbenzylamino substituent showed stron-
ger potency, it comes at the expense of selectivity ver-
sus JAK2. Analogs that incorporate an alkylamino
substituent at the 4-position of the pyrrolopyrimidine
core show hints of JAK3:JAK2 enzymatic selectivity,
exemplified by 17 and 19–21. Analysis of the 2-amido
substituent SAR shows that it has a less significant
role in potency, and provides a good opportunity
for fine tuning selectivity, along with other properties,
such as solubility.

We then utilized a TF-1 cellular assay10 to further
measure the responses through either the JAK3 (IL-
4 induced proliferation) or the JAK2 (IL-3 induced
proliferation) signaling pathways, respectively (Table
2). The Pfizer benchmark, CP-690,550, shows a 10:1
selectivity in favor of JAK3 in the TF-1 cellular as-
says. Our pyrrolopyrimidine analogs typically showed
moderate selectivity in the 2- to 5-fold range in favor
of JAK3. The most promising analogs screened in
the TF-1 cell proliferation assay, pyrrolopyrimidines
18 and 19 show a 4-fold and 10-fold selectivity in fa-
vor of JAK-3, respectively. Once again, the 4-alkyla-
mino substituted analogs generally showed improved
selectivity versus JAK2 than the 4-benzylamino
analogs.

We have reported a novel series of bicyclic pyrrolo-
pyrimidine Janus Kinase inhibitors. Many of the
pyrrolopyrimidine inhibitors showed strong potency
in the JAK3 enzymatic assay below the 100 nM
level. Several of these analogs showed promising
selectivity for JAK3 relative to JAK2. One of the
pyrrolopyrimidines, 19, showed comparable potency
and selectivity in the TF-1 cell proliferation assay
to the Pfizer benchmark CP-690,550. Further optimi-
zation of this novel scaffold may be reported in
future publications.



Table 1. JAK3 and JAK2 data for bicyclic pyrrolopyrimidine analogs
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Compound R1 R2 JAK3 IC50
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a S.D. for enzyme assays were typically ±30% of the mean or less.
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Table 2. Inhibition of proliferation of TF-1 cells, induced by either

IL-3 or IL-4, by pyrrolopyrimidine analogs

Compound Inhibition of IL-4

induced TF-1 cell

proliferation IC50
a (nM)

Inhibition of IL-3

induced TF-1 cell

proliferation IC50
b (nM)

CP-690,550 80b 800b

4 80 90

10 450 740

11 460 1950

13 910 2790

14 670 1400

17 1160 4790

18 490 2200

19 140 1420

a S.D. for enzyme assays were typically ±25% of the mean or less.
b Mean, n > 10.
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