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Abstract—A new series of catechol hydrazines was synthesized and their structure–activity relationship (SAR) was analyzed for
developing an effective phosphodiesterase 4 (PDE4) inhibitor as an anti-asthmatic drug candidate. Among the (E)-Analogues tested
using in vitro assays, 5CC showed a strong PDE4 inhibitory activity and a significantly improved rolipram binding profile com-
pared with rolipram, a prototype PDE4 inhibitor. Moreover, from in-vivo asthma model, we observed that (E)-Analogue 5CC had
a good efficacy against guinea-pig respiratory tract inflammation and bronchoconstriction, along with a remarkably reduced emetic
side effect, compared with rolipram. Conclusively, (E)-Analogue 5CC seems to be a promising candidate for the development of
anti-asthmatic PDE4 inhibitors.
# 2003 Elsevier Science Ltd. All rights reserved.
Asthma is an airway inflammatory disease with a
symptomatic bronchial muscle contraction, which often
causes respiratory arrest in the asthmatic subjects. Cyc-
lic AMP (cAMP) is a well-known key modulator of
respiratory tract muscle contraction and inflammation.1

From this reason, cAMP-hydrolyzing phosphodiester-
ase (PDE) has became one of the hottest targets for the
development of new anti-asthmatic drugs over the last
several years. Up to now, eleven families of PDE iso-
zymes have been identified and classified according to
their substrate selectivity and sensitivity to specific inhib-
itors.2 Among these, PDE4 is a major cAMP-hydro-
lyzing enzyme found in airway immune and
inflammatory cells of asthma. Within each phospho-
diesterase family, multiple variants can be generated by
alternative splicing among the 50-end exons and/or the
use of different transcription initiation sites.3 PDE4 has
four variants(subtypes A, B, C, and D), each of which is
derived from a distinct gene.4�9 Among them, PDE4B is
the most predominant PDE isozyme found in inflam-
matory cells including human monocytes and
neutrophils.10�14 In addition to anti-inflammatory activ-
ity, cAMP has another important biological function that
induce relaxation of airway smooth muscle,15 which can
relieve asthmatic patients from respiratory arrest. These
results suggest that PDE4 can be an attractive therapeutic
target against chronic respiratory diseases, such as asthma
and COPD (chronic obstructive pulmonary disease).
From the works of other investigators, several potent
PDE4 inhibitors have been developed such as rolipram,16

RP-73401,17 CDP-840,18 and SB-207499.19

However, PDE4 inhibitors are well known to have
intrinsic adverse side effect such as emesis, which has a
strong correlation with the binding affinity of a com-
pound to the rolipram binding site in brain.20,21 As a
part of our ongoing effort to develop more potent and
selective PDE IV inhibitors with reduced side effects,22

we have designed and synthesized a new series of cate-
chol hydrazines, and evaluated their therapeutic poten-
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tial against asthma.23 SAR studies using molecular
modeling with those reference compounds such as roli-
pram and SB-207499 allowed us to design new mole-
cules for PDE IV inhibitors. Here we wish to report the
synthesis of target compound 5 and their biological
activity.

As outlined in the Scheme 1, the target molecules 5 were
easily prepared from isovanillin 1 by known proce-
dures.18 Alkylation of isovanillin 1 and cyclopentyl
bromide with K2CO3 and KI in DMF gave rise to
aldehyde 2 as yellow oil in 81% yield. Aldehyde 2 was
alkylated with CH3Li or PhLi to produce alcohol 3A,
3B, respectively. Oxidation of alcohol 3A, 3B with PDC
was carried out to yield ketone 4A, 4B, respectively.
Treatment of ketone 4A or aldehyde 2 with hydrazine
derivatives gave a mixture of (Z)- and (E)-isomers 5A
(1:10), 5C (1:20), respectively. However, a mixture of
(Z)- and (E)-isomers 5B (1:1–1.5) was observed in the
reaction of ketone 4B with hydrazine derivatives. The
structure of (Z)- and (E)-isomers 5 was assigned by 1H
proton NMR. The signal of the methoxy groups of
(Z)-isomers 5 is shifted downfield (3.83 ppm) compare
to that of (E)-isomers (3.77 ppm). (E)-isomers 5 were
obtained pure by recrystalization and then applied to
biological tests.23

As predicted from molecular modeling studies, (E)-iso-
mers of the analogues were about 3–4 times more potent
than (Z)-isomers (data not shown). In the present study,
we focused on SAR of (E)-isomers and the results of
their SAR studies are summarized in Table 1. Synthe-
sized compounds were evaluated for PDE4 inhibitory
activity against purified rat liver PDE4 enzyme as well
as binding affinity to the high affinity-rolipram binding
site using crude rat brain homogenate. The results
suggest the size of R1 on (E)-analogues plays a very
interesting role on the biological activities of this series
of compounds. Either a larger R1 (phenyl in analogues
5B) or a smaller R1 (hydrogen in analogues 5C) gave a
significantly higher potency in PDE4 inhibition com-
paring with an intermediate size R1 (methyl in analo-
gues 5A). Furthermore, amide substituted R2 analogues
were observed to be 2 to 3 times more potent than car-
bonyl substituted R2 analogues (Table 1). Among them,
analogues 5BC and 5CC were the most potent in the
series and have similar affinity to rolipram. In terms of a
rolipram binding, a larger R1 (analogues 5B) sig-
nificantly reduced the affinity of analogues to the roli-
pram binding site in brain comparing with the
intermediate size R1 (analogues 5A) or the smaller R1
(analogues 5C). The results suggest larger R1 (phenyl in
analogues 5B) is important for reducing the affinity of
the analogues to high affinity rolipram binding site in
brain. As shown in Table 1, B/A ratio, which represents
selectivity against high affinity rolipram binding versus
low affinity PDE4 inhibition, imply that analogues 5BC
and 5CC are substantially less likely to induce emesis
comparing with rolipram, a prototype reference com-
pound.

In the trachea relaxation study using isolated guinea-pig
trachea, analogue 5CC shows a potent trachea muscle
relaxant activity, but analogue 5BC does not (data not
shown). Therefore, the further in vivo studies were
focused on analogue 5CC regarding the antiasthmatic
activity and the emetic side effects. The results of in vivo
studies were summarized in Table 2. The data show that
analogue 5CC has a significantly less emetic side effect
than rolipram, while retaining similar potencies in bro-
chodilatory and anti-inflammatory activities. These in
vivo results are consistent with those of in vitro experi-
ments (PDE IV enzyme inhibition and [3H] rolipram
binding in Table 1).

Selective PDE4 inhibitors have been previously
observed to have antiasthmatic activities from various
kinds of in vitro and in vivo models. The therapeutic
potential of these agents against asthma has been docu-
mented by their dual pharmacological activities, which
Scheme 1. Synthesis of catechol hydrazine derivatives 5. Reactions and conditions: (a) Bromocyclopentane, NaH, DMF, 60�C, (81%); (b) CH3Li,
THF for 3. (95%), PhLi, THF for 4, (90%); (c) PDC, CH2Cl2, Molecular sieve 4A� , (95%); (d) hydrazine derivatives, MeOH, reflux. (85-95%).
* unoptimized yields.
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are bronchodilatory action and anti-inflammatory
action. However, most PDE4 inhibitory compounds
have characteristic side effects, including nausea,
vomiting and gastric acid secretion, which become a
bottleneck of these agents for being a drug candidate.
Therefore, it has become inevitable for the drug devel-
opment to discover a compound that has a prominent
anti-inflammatory effect but less side effect. The side
effects of PDE4 inhibitory compounds appear to be
related to the inhibition of HPDE4 (which can be
indirectly assessed by the affinity of a compound to the
brain rolipram binding site), a distinct conformer of the
enzyme that is enriched in the central nervous system.
Therapeutic profile (retaining antiasthmatic activities
against minimum emetic side effect) of analogue 5CC
showed the greatest improvement of the series of phos-
phodiesterase 4 inhibitors tested in this study. We
expect that analogue 5CC may give some information
for the development of PDE4 inhibitors as antiasmatic
drugs with an improved therapeutic profile.
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Table 1. Biological activities of (E)-analogues 5

Compd R1 X R2 PDE4 Inhibition (A) (IC M) [3H]Rolipram binding (B) (IC M) B/Aa

50=m
 50=m
5AA
 CH3
 O
 CH3
 0.092
 <0.009

5AB
 CH3
 O
 CH2CH3
 >10
 0.042
 <0.004

5AC
 CH3
 O
 NH2
 >10
 0.146
 <0.015

5AD
 CH3
 S
 NH2
 4.51
 0.336
 0.08

5AE
 CH3
 NH
 NH2
 >10
 3.455
 <0.35
5BA
 Phenyl
 O
 CH3
 3.72
 2.02
 0.54

5BB
 Phenyl
 O
 CH2CH3
 4.90
 >5
 1.02

5BC
 Phenyl
 O
 NH2
 0.58
 1.197
 2.06

5BD
 Phenyl
 S
 NH2
 1.60
 2.31
 1.44

5BE
 Phenyl
 NH
 NH2
 1.56
 1.559
 1.0
5CA
 H
 O
 CH3
 1.75
 0.019
 0.01

5CB
 H
 O
 CH2CH3
 n.d.b
 2.73
 —

5CC
 H
 O
 NH2
 0.60
 0.069
 0.12

5CD
 H
 S
 NH2
 1.42
 0.046
 0.03

5CE
 H
 NH
 NH2
 >10
 >5
 —
Rolipram
 0.31
 0.0023
 0.007
aSelectivity, (the value for [3H]rolipram binding/the value for PDE4 inhibition).
bNot determined.
Table 2. Comparison of biological activities between 3C and rolipram
Compd
 Bronchoconstrictiona

(% inh at
1.0 mg/kg, iv)
BALb

(% inh at
30mg/kg, po)
Ferret emesisc
5CC
 90.3
 63
 0/5 at 10 mg/kg, po

Rolipram
 95.4
 62
 2/5 at 0.03mg/kg, po
aAntigen-induced bronchoconstriction in passively-sensitized guinea
pigs (iv, testing compounds were administered 10 min before OVA
challenge).
bAntigen-induced eosinophil infiltration of BAL (Broncho alveolar
lavage) in passively-sensitized guinea pigs (po, testing compounds were
administered 90 min before OVA challenge).
cNumber of animals exhibiting emesis or prodromal syndrome/total
animals tested.
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thesized in Division of New Drug Discovery Project, R&D
center of Biosciences at Cheil Jedang Co.
In vitro experiments. (1) As an efficacy test, phosphodies-

terase 4 (PDE4) enzyme assay was measured as previously
described.22 (2) For the assessment of emetic side effect of
PDE4 inhibitors, rolipram binding assay was performed.
Briefly, rats (130–170 g) were sacrificed and hypothalamic
region of the brain was dissected out for the preparation of rat
brain homogenate. Brain tissue preparation was performed on
ice or in 4 �C cold room unless otherwise indicated. The brain
tissue was homogenized in 10� (v/w) of homogenization buf-
fer (50 mM Tris–HCl, 1.2 mM MgCl2, pH 7.5) using glass
homogenizer. Crude homogenate was centrifuged at 30,000 g
for 20 min and the pellet was washed in 10 volumes of fresh
homogenization buffer. The final pellet was resuspended in
fresh homogenization buffer and stored in liquid nitrogen until
use. Rolipram binding assay was performed in a total of 0.5
mL reaction volume. In assay buffer of 50 mM Tris–HCl (pH
7.5), 5 mM MgCl2, 50 mM 50-AMP, 2 nM [3H]rolipram (86 Ci/
mmol), various concentrations of testing compound was
added and the reaction was started by the addition of brain
homogenate (receptor). After the incubation for 1 h at 30 �C,
the reaction was stopped by vacuum filtration with ice-cold
harvesting buffer (50 mM Tris–HCl, pH 7.5) through GF/B
filters that have been pre-soaked in 0.3% polyethylenimine.
Nonspecific binding was determined in the presence of 1 mM
unlabeled rolipram in the reaction. The binding was calculated
by measuring the radioactivity of the filter.
In vivo experimental procedure. All the in vivo experiments,

except ferret emesis study, were performed using guinea pig
(about 250 g body weight). (1) Antigen-induced bronchocon-
striction: Guinea pig was passively immunized at day 0 with
anti-OVA guinea-pig serum and tracheotomy was performed
at day 1 for testing antiasthmatic effect of a compound in
antigen-induced bronchoconstriction. A polyethylene cannule
was inserted into trachea for artificial ventilation with room
air (10 mL/kg, 50 breaths/min) and pressure transducer was
attached to measure intra-tracheal pressure. Left jugular vein
was cannulated to allow drug administration. Ten minutes
after the administration of a testing compound (1.0 mg/kg, iv),
airway tract contraction was induced by the administration of
OVA (0.3 mg/kg, iv) through the jugular vein to the guinea
pig. The pulmonary dilatory effect of a testing compound was
determined by measuring the level of intra-tracheal pressure
for 10 min after the OVA administration. (2) Broncho Alveo-
lar Lavage (BAL): Guinea pig was passively immunized at day
0 with anti-OVA guinea-pig serum. Twenty-four h later, the
guinea pig was orally administered with a testing compound
(30 mg/kg) and 90 min later challenged with OVA (0.2%) by
nebulization for 10 min. After another twenty four hours later,
broncho-alveolar lavage (BAL) was obtained from the
respiratory tract of guinea pigs and differential white blood
cell count was determined to evaluate degree of inflammation
induced by antigen challenge. (3) Ferret emesis study: Ferrets
were fasted for the overnight, then administered orally with
testing compounds (suspended in propylene glycol) at con-
centrations as indicated in the result. The emetic response and
prodromal syndrome were continuously monitored for up to 3
h after the administration of each testing compound. Roli-
pram was used as a positive control.
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