. ditions shown in Table [(B).
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emulsion droplet was less than 23 um. Figure 4 shows

examples of prepared microcapsules. The microcapsules

prepared using the emulsion droplets with an average
diameter of 5.5 um, which were prepared using an SPG
membrane with a 0.9-um pore diameter, aggregated three-
dimensionally. The microcapsules prepared using the
emulsion droplets with an average diameter of 23 pm,
which were prepared using an SPG membrane with a 4.8-um
pore diameter, were also aggregated, but they were straightly
linked together. In contrast, the microcapsules prepared using
the emulsion droplets with an average diameter of 62 um were
dispersed from each other. The structurally organized micro-
capsules shown in Fig. 4b are very interesting. However, the
objective of this paper is the preparation of monodisperse
microcapsules. Therefore, we did not pursuc why such
structurally organized microcapsules occurred. That is left to
- future work.

To improve the aggregation among individual micro-
capsules, we investigated the effect of the total surface arca
of the emulsion droplets on the preparation of monodis-
perse crosslinked polymelamine microcapsule. In the
investigation, the SDS concentration in the mixture of
continuous phase 1, continuous phase II, and the melamine-
formalin pre-polymer solution (the mixture is hereafter
called continuous phase 1) was 0.1 wt.%. The oil droplet
with 13 pm of average diameter was used as the
microcapsule core. Thé emulsion was prepared with
50 cm® of the oil phase and 200 cm® of a 0.2-wt.% SDS
solution by the SPG membrane emulsification technique.
The emulsion was continuously agitated with four flat-
blade stirrers at 5 s~' o maintain homogeneous dispersion
of the emulsion droplets. A desired amount of the emulsion
was poured into an aqueous solution containing a desired
concentration of poly(E-MA) and SDS. The amount of the
aqueous phase in the mixture was 100 em®. The experi-
mental condition was summarized in Table 2 with the ratio
of poly(E-MA) amount/thc total surface arca of the
cmulsion. The SEM images of the resulting microcapsules
are shown in Fig. 5. The aggregation of microcapsules
decreased with the decrcase of the concentration of the
emulsion droplet in the continuous phase HI. This result

Fig. 7 SEM observations of
microcapsules prepared in con-

Average diameters ol encapsu-
lated emulsion droplets werc
aSSpumandb 13 um,
Creamed emulsion was used for
microcncapsulation :
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indicated that the aggregation of microcapsules occurred
due to the decrease of poly(E-MA) adsorbed on the surface
of the oil droplet. However, as shown in Fig. 5, a large amount
of by-produced polymelamine—formaldehyde particles,
which were formed in the continuous phase Il during
microencapsulation, were adhered on the membrane of the
microcapsules. The adhesion of the by-produced polymel-
amine—formaldchyde particle with a large diameter roughens
the membrane of the microcapsule. Becausc SDS strongly
affects the increase of the diameter of the by-produced
polymelamine~formaldehyde particle as well as the aggrega-

_tion of the microcapsules, the decreasc of SDS concentration

in the continuous phase 11l is essential to prepare monodis-
perse microcapsule with the smooth membrane.
Subscquently, we investigated the effects of SDS
concentration on the aggregation of the microcapsulcs.
The microencapsulation conditions are shown in Table 3.
The SDS concentrations in the continuous phase 1l were
adjusted to 0.2, 0.35, and 0.5 wt.% by dissolving different
amounts of SDS in continuous phase I. As the capsule core,
the cmulsion droplet prepared using an SPG membranc
with a 4.8-um pore diamcter was used. The average
diameter of the emulsion droplets was 23 um. The prepared
microcapsules are shown in Fig. 6. As shown in Figs. 4b
and 6, thc aggregation of the microcapsules increased
remarkably as the SDS concentrations increased. This
indicates that the concentration of SDS strongly affects
the aggregation of the microcapsules. From these results,
we propose the following hypothesis as an effect of SDS on
the aggregation of the microcapsules. Poly(E-MA), which
is a polymeric surfactant, acts as a protective coloid. It
stabilizes an emulsion by electrostatic repulsion and steric
repulsion. The steric repulsion, which is caused by the
adsorption layer of poly(E-MA) on the surface of an
emulsion droplet, would stabilize an emulsion during
formation of the microcapsule even it most of the negative
charge of poly(E-MA) was cancelled by the melamine—
formaldehyde prepolymer and oligomers. On the other
hand, SDS stabilizes an emulsion by only the electrostatic
repulsion. Because SDS is a surfactant with low molecular
weight, a thick adsorption layer is not formed on the surface

e~
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of an emulsion droplet. Therefore, it could not stabilize the
emulsion any longer, if the negative charge of SDS was
cancelled by the melamine—formaldehyde prepolymer and
oligomers. When SDS and poly(E-MA) were co-existed in the
continuous phase 1lI, they competitively adsorbed on the
surface of the emulsion droplet. An increase of the SDS con-
centration decreases the adsorption amount of poly(E-MA) on
the emulsion droplet. As a result, the poly(E-MA) layer would
‘become thin, and the aggregation of microcapsules occurred.
That is to say, il was expected that the well-dispersed
crosslinked polymelamine microcapsules with uniform parti-
cle size could be prepared by decreasing the SDS concentra-
* tion in continuous phase I11.

To reduce the SDS concentration, we poured the
emulsion obtained by SPG membranc emulsification into
a separation funnel and creamed it. The lower phase in
which the emulsion was not present was dumped. Then, the
upper layer was collected and dispersed in continuous
phase 1. This treatment diluted by about 20 times the SDS
concentration in continuous phase 1I. Figure 7 shows the
SEM photographs of crosslinked polymelamine micro-
capsules prepared using emulsions with 5.5 and 12 pum of
the average diameter of oil droplets. The experimental
condition is shown in Table 1(B). As expected, the prepared
microcapsules were dispersed from each other. The micro-
capsule diameters and CV values are summarized in Fig. 3.
The microcapsule diameter corresponded well to the
diameter of the used O/W emulsion droplet. The CV values
of the diameter of the prepared microcapsules were also
about 10%.

We were able to control the diameter of crosslinked
polymelamine microcapsules prepared by phase separation
method in the range of 5-60 um. Microcapsules with
different diameters may be prepared by using SPG
membranes with different pore diameters.

Conclusion
We investigated the control of the diamecter of the cross-

linked polymeclamine microcapsules. Monodisperse oil
droplets prepared by the SPG membrane emulsification
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technique were used as the capsule core. Monodisperse
emulsion droplets with CV value of about 10% were
successfully prepared. The average diameter of the emul-
sion droplets was in proportion to the pore diameter of the
SPG membrane. The SDS concentration strongly affected
the dispersion stability of the prepared microcapsules.
Monodisperse microcapsules were successfully prepared
by decreasing the SDS concentration. The diameter of the
microcapsule corresponded well to the diameter of the O/W
emulsion droplets used as the capsule core. In conclusion,
we were able to control microcapsule diameter in the range
of 5-60 um. '
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The First Potent Subtype-Selective Retinoid X Receptor
(RXR) Agonist Possessing a 3-Isopropoxy-4-

isopropylphenylamino
agonist)

Moiety, NEt-3IP (RXRo/f-dual

Kayo Takamatsu,” Atsushi Takano,”’ Nobumasa Yakushiji,”’ Kazunori Morohashi,”! Ken-
ichi Morishita,”” Nobuyasu Matsuura,” Makoto Makishima,' Akihiro Tai,”! Kenji Sasaki,"”! and

Hiroki Kakuta*®

" Retinoid X receptor (RXR) agonists (rexinoids) are attracting much
attention for their use in treatment of cancers, including tamoxi-

fen-resistant breast cancer and taxol-resistant lung cancer, and

" metabolic disease. However, known RXR agonists have a highly

lipophilic character. In addition, no subtype-selective RXR ago-
nists have been found. We previously reported an RXRa-preferen-

_tial agonist 4-[N-methanesulfonyl-N-(5,5,8,8-tetramethyl-5,6,7,8-

tetrahydro-2-naphthyl)aminojbenzoic acid (6a). The RXR agonis-
tic activity is much less than that of well-known RXR agonists. To

_develop potent, less-lipophilic. and subtype-selective RXR ago-
. nists, we created new RXR agonists possessing alkoxy and isopro-
. pyl groups as a lipophilic domain of the common structure of

-

Introduction

Much interest has recently been shown in retinoid X receptors
(RXRs) as targets in the treatment of cancers such as tamoxi-
fen-resistant breast cancer and taxol-resistant lung cancer, and
metabolic disease."™ RXRs belbng to the nuclear receptor su-
perfamily of proteins that regulate many physiological func-
tions in a ligand-dependent manner>5 Nuclear receptors in-
clude retinoic acid receptors (RARs), which regulate cell differ-
entiation and proliferation, vitamin D receptor (VDR) which is

associated with bone metabolism, and peroxisome prolifera-

tor-activated receptors (PPARs), which are associated with lipid
metabolism.**® Nuclear receptors work as monomers or
dimers by themselves or with other partners. Representative
nuclear receptors forming heterodimers are RARs, VDR, and
PPARs, which function with RXRs.® Therefore, RXRs are closely
linked to the function of such partners, and RXR agonists con-
trol synergistically the function of RXR heterodimeric part-
ners.*? RXR agonists are also expected to be dose reducers
for RXR heterodimer agonists that possess lipophilic character-
istics and can have undesirable side effects owing to their ac-
cumulation in adipose tissue or liver.

RXRs have three subtypes (RXRq, 3, and y), which are coded
by different genes and are distributed in different locations in
the body."*® RXRa is expressed mainly in the liver, kidney, and
spleen, RXRB is ubiquitously distributed, and RXRy is expressed
mainly in skeletal muscles, heart muscle, skin, and brain.
Figure 1 shows representative endogenous or synthetic RXR
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well-known RXR agonists. As a result, compounds possessing
branched alkoxy groups, 6-[N-ethyl-N-(3-isopropoxy-4-isopropyl-
phenyljamino]nicotinic acid (NEt-3IP: 7 a) and 6-[N-ethyl-N-(3-iso-
butoxy-4-isopropylphenyl)amino]nicotinic acid (NEt-3I1B: 7c¢),

-showed RXR agonistic activity as potent as, or more potent than,

the activities of representative RXR agonists. Moreover, NEt-3IP
(7a) was found to be the first RXRa/B-selective (or RXRa/B-dual)
agonist. Being potent, less lipophilic, and having RXR subtype-se-
lective activity, NEt-3IP (7a) is expected to become a new drug
candidate and to be a useful biological tool for clarifying each
RXR subtype function. :

agonists. Endogenous RXR agonists (1, 2) and syntheﬁc RXR
agonists (3-5) have a highly lipophilic character and lack of
subtype selectivity. Actually, no subtype-selective RXR agonists
have been found.>*' These backgrounds prompted us to
create new RXR agonists with low lipophilicity and subtype se-
lectivity.

We have found that reduction of lipophilicity seems to
enable production of subtype-selective RXR agonists, and we
have discovered a relative subtype-selective RXR agonist 4-[N-
methanesulfonyl-N-(5,5,8 8-tetramethyl-5,6,7,8-tetrahydro-2-
naphthyl)amino]benzoic acid (6a), which prefers RXRa over

[a]l K. Takamatsu, A. Takano, N. Yakushiji, K. Morohashi, K.-i. Morishita,
Prof. A. Tai, Prof. K. Sasaki, Prof. H. Kakuta
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Figure 1. Chemical structures of known endogenous (1, 2) or synthetic (3~6)
RXR agonists.

RXRB and RXRy (Figure 1).""! However, the RXR agonistic activi-
ty is much less than that of well-known RXR agonists. The
reason for the weak activity is thought to be the introduction
of a.polar moiety such as a sulfonamide group into the so-
called linking group of the common structure of well-known
RXR agonists (Figure 2)."" In this study, we aimed to develop
potent, IesS-lipophiIic and subtype-selective RXR agonists. As a
result, we discovered 6-[N-ethyl-N-(3-isopropoxy-4-isopropyl-
phenyl)amino]nicotinic acid (NEt-3IP: 7a) as the first RXRa/f5-
selective (RXRa/B-dual) agonist. Herein we report the molecu-
lar design and in vitro evaluation.

Design strategy

~Our previous results suggest that reduction of lipophilicity at
the lipophilc domain of RXR agonists enables production of

> 78 Jx
=
R=i-Pr, n-Pr, i-Bu
N

X =CH, CO,H

e

~ acidic domain CO,H

common structure of
well-known RXR agonists

Figure 2. Strategy for the molecular design of subtype-selective RXR ago-
nists possessing alkoxy and isopropyl groups (7, 8). :
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subtype preference!™ To develop potent subtype-selective
RXR agonists, we replaced a tetramethyl-cyclohexyl ring, the
common hydrophobic domain of well-known RXR agonists,
with alkoxy and isopropyl groups, which have more polar char-
acteristics. As it was also found that potent RXR activity re-
quires a lipophilic moiety on the linking amino group," N-eth-
ylation was performed for moderate lipophilicity. Nicotinic acid
or pyrimidine carboxylic acid was applied to the acidic domain
(Figure 2).

Chemistry

Synthesis was performed by the following steps: synthesis of
anilino derivatives, coupling of them with chloronicotinic acid
or chloropyrimidine carboxylic acid ester, N-ethylation of the
linking amino group, and deprotection of esters. In Scheme 1,
synthesis of nicotinic acid derivatives is shown. Anilino deriva-
tives possessing an alkoxy gréup at the 3-position were pre-
pared by the following procedure: nitration of 2-isopropylani-
line with sulfuric acid and nitric acid, replacement of the
amino group with a hydroxy group by Sandmyer reaction, O-
alkylation with the corresponding alkyl halide, and hydrogen
reduction. On the other hand, anilino derivatives possessing an
alkoxy group at the 4-position were prepared from 2-isopro-
pylphenol by radical nitration with nitric acid and zinc chloride
in an ultrasonic reactor,'? with similar alkylation and reduction
to that described above. The anilino derivatives were reacted
with 6-chloronicotinic acid in acetic acid, and the carboxyl
groups of the products were protected as methyl ester. After
N-ethylation of the linking amino group, deprotection of the
methyl ester gave the objective compounds 7a-7d.

Compounds 8a and 8¢, whose acidic domains are a pyrimi-
dine-5-carboxylic acid, were prepared via the amino intermedi-
ates hydrochloride 14a HCl and 14 ¢ HCl according to the re-
ported method (Scheme 2)."*** Then N-alkylation and ester
deprotection of compounds 16a and 16 ¢ were performed to
afford the objective compounds 8a and 8¢, respectively.

Results and Discussion

RXR agonists alone do not exhibit cell differentiation activity,
although they work synergistically with RAR agonists (for ex-
ample, Am80"'% to differentiate the human promyelocyte leu-
kemia cell line HL-60 cells to granulocytes."™'™ This phenom-
enon is based on the synergistic action of RXR with RAR. For
the first screening of the compounds, the activity of com-
pounds alone (retinoid activity) and the activity of compounds-
with RAR agonists (retinoid synergistic activity) were examined
with HL-60.1"%'%'7 |n this screening, cell differentiation activities
were evaluated with nitro blue tetrazolium (NBT) reduction.
First, to examine the proper position of an alkoxy group on
the phenylamino moiety, the retinoid and retinoid synergistic
activities of NEt-3IP (7a) and NEt4IP (7d) were assessed
(Table 1). Neither of them showed retinoid activities, suggest-
ing that they do not activate RAR directly. On the other hand,
retinoid synergistic activities of 7a and 7d were more potent
than or as potent as those of sulfonamide-type RXR agonists

ChemMedChem 0000, 00, 1-9
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Me : Me retinoid activity similar to that of
Me” Y, N ab Me” Y, ™ . NEt-3IP (7a). The retinoid syner-
! ] ] isti ivity of NEt-3NP (7b
HNT N HO” P No, gistic a.ctlwty- o (7b)
10 RO possessing a linear alkoxy group,

8 ¢ 4 0 e .
B n-propoxy, was less potent than

Me5"7 o, that of NEt-3IP (7a) and NEt-31B

HO | S c HO ‘ Me (7 ), suggesting that branched
Me = Me ~ - OR alkoxy groups are appropriate

Me : Me - 13a 30iPr for potent retinoid synergistic
1 12 13b 3-0n-Pr activities.

13¢ 3-0i-Bu Next, to identify those retinoid

13d 4-Oi-Pr synergistic activities exerted via

RXR and to compare their poten-
cies toward each RXR subtype,

RO RO,
ﬁj\ 4'[]\\ luciferase transcription activities
R?\/\ . Me\J// NH T Me\S\// N"“ne DY a reporter gene assay were
s l\y!\ AcOH = - Me A - Me N evaluated.">'®' Table 2 shows
Me\\/ NH; ' PN [N their EC,, and E,_,, values for
Me v 7 each RXR subtype. All of the
CO,Me CO,H compounds showed transcrip-
OR OR T or tion activities, indicating that
443 AcOH  3-0iPr 452 3-0-Pr " 7a 3oipr  their retinoid synergistic activi-
14b AcOH  3-On-Pr 18b 3-On-Pr 7b  3-On-Pr ties were mediated by RXR. As
14c AcOH 3-Oi-Bu 15¢ 3-Oi-Bu 7¢ 3-0iBu  Wwith the results of the NBT re-
14d AcOH  4-0i-Pr 15d 4-0i-Pr- 7d  4-0i-Pr duction assay, transcription activ-

. ities of NEt-3IP (7a) were found

Scheme 1. Reagents and conditions: a) H,50,, HNO;. b) NaNO,, H,50,. c) HNO,, EtOAc, ZnCl,, u-sonic. d) RX, K,CO;,  to be more potent than those of
DMF. e) H,, Pd-C, AcOH. f) 6-Chloronicotinic acid, AcOH. g) MeOH, H,SO,. h) Etl, NaH, DMF. i) NaOH, MeOH. j) HCI. NEt-4IP (7d). Notably, NEt-3IP
(7 a) and NEt-3IB (7 ¢) showed an

apparent difference in ECyy be-

6a and 6b, respectively (Table 1). These results suggested that  tween each subtype. For NEt-3IP (7a), the ratio of EC,, (mean
application of alkoxy and isopropyl groups to the hydrophobic  values) of RXRa and RXRP to that of RXRy was more than ten-
domain of RXR agonists enables the production of compounds  fold, indicating that this compound prefers RXRa/p over RXRy.
with retinoid synergistic activities. Notably, the retinoid syner-  On the other hand, for. NEt-3IB (7¢) the ratio of EC;, (mean
gistic activity (SECs, value) of NEt-3IP (7a) is 16::1 nm, which  values) between RXRa:RXRB:RXRy was 0.58:23:3, indicating
is more effective than that of NEt-4IP (7d; 135415 nm). These  that this compound prefers RXRa over RXRB. As a more than
results prompted us to conclude that the proper position for  tenfold difference in EC,, values generally indicates the exis-
the introduction of alkoxy is at the 3-position. We therefore in-  tence of selectivity,”” it can be assumed that NEt-3IP (7 a} is an
vestigated the retinoid and retinoid synergistic activities of sev-  RXRa/f3-selective agonist (that is, RXRa/p dual agonist). NEt-3IB
eral derivatives possessing alkoxy groups at the 3-position. (7 ¢) has less subtype selectivity than NEt-3IP (7 a). NEt-3IP (7a)
NEt-3IB (7¢) possessing a branched alkoxy group, isobutoxy, has comparable RXR potency to representative potent RXR
was found to show potent retinoid synergistic activity without  pan agonists, LGD1069 (3) and PA024 (5), and NEt-3IB (7¢) is

CO,Et  CoH
R R R ) R
13a FPr 14a HC| i-Pr 16a ~Pr 8a FPr
13c FBu 14¢ HCI i-Bu 16¢ /i-Bu 8¢ iBu

Scheme 2. Reagents and conditions: a) H,, Pd-C, MeOH, HCI. b) Ethyl 2-chloro-5-pyrimidinecarboxylic acid, K,CO,, DMF. c) Etl, NaH, DMF. d) NaOH, EtOH.
e) HCl.
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Table 1. Cell dlfferennauomnduang activity of compounds 8-10 by NBT
reduction assay.”

\/\
Me\‘/\/\ /\

P

I

CO,H
Compd OR Retinoid activity Retinoid synergist activity

ECs, [(NM]® BA [%]9 SECs, [nm]¥  BA [96)¢

NEt-3IP (7a) 3-OiPr > 1000 nd®  16x1 83+1
NEt-3NP (7b) 3-On-Pr > 1000 nd. 249116 8544
NEt-31B (7¢} 3-OiBu > 1000 nd. 2541 8142
NEt-4IP (7d) 4-OiPr  >1000 n.d. 135+15 7714
6a - > 1000 nd. 30933 67%5
6b'¢ - > 1000 nd. 15017 7341

[a] All values were determined from full dose-response curves ranging
from 107 to 10~°m with HL-60 cells. Where errors are indicated, values
represent the standard error of the mean value of at least two separate
experiments. [b] EC;, or SEC;, was determined as the concentration of a
test compound that required to elicit a response at half-maximal height
on the dose-response curve. [c] Biological activity (%) is the maximal dif-
ferentiation ratio that was induced by a test compound. [d] These data

were quoted from reference [11]. [e] Not determinable.

more potent than those representative potent RXR pan ago-
nists. PEt-3|P (8a) and PEt-3IB (8 ¢) showed potent RXR agonis-
tic activities, whereas their subtype selectivity was less than
that of NEt series compounds. With increasing polarity of the

H Kakura et al

acidic domain of the compounds, their RXR agonist aétivity in-
creased but their subtype selectivity decreased. These results
were nearly in accordance with the previous report,!"" suggest-
ing that reduction of the hydrophobic interaction between the
hydrophobic domain of the compounds and RXR-ligand bind-
ing domain is one strategy to produce subtype selectivity. The
ClogP value of NEt-3IP (7 a) is less than the values of NEt-3IB
(7¢), LGD1069 (3), and PA024 (5). These results indicate that
NEt-3IP (7a) is a potent, less-lipophilic and subtype-selective
RXR agonist.

Conclusions

To develop potent, less lipophilic and subtype-selective RXR
agonists, we designed new RXR agonists possessing alkoxy
and isopropyl groups as a lipophilic domain of the common
structure of well-known RXR agonists. As a result, 6-[N-ethyl-N-
(3-isopropoxy-4-isopropylphenyl)amino]nicotinic acid (NEt-3IP:
7a) was discovered as the first RXRa/B-selective agonist. NEt-
3IP (7a), being potent and having reduced lipophilicity and
RXR subtype-selective activity, is expected to become a new
medicinal product and to be a useful biological tool for clarify-
ing each RXR subtype function. In the future, to evaluate the
effectiveness of the compound, in vivo studies such as studies
on oral absorption, disposition, toxicity, and anticancer activi-
ties are being planned.

Experimental Section

Chemistry.
Table 2. Co-transfection data for synthetic compounds and known RXR agonists 3 and 5 in COS-1 cells.”
"o : Meltir_lg points were determined
4B\’\ﬁ with a Yanagimoto hot-stage melt-
Mo 2 e ing point apparatus and are uncor-
Me x !\N rected. IR were recorded on JASCO
i) FT/IR350 . (KBr). 'H NMR spectra
] were recorded on a VarianVXR-300
co:H . (300MHz)  or  VarianVXR-500
RXRa RXRB RXRy ) Selectivity'® (500 MHz) spectrometer. Elemental
Compd OR X ECu[nMI®  E., [%]" ECy, [nM]™ E,,, [%]? ECs, (nMI® E, (%] B/a  y/a ClogP analysis was carried out with a Ya-
NEt-3IP 3~ CH 32%0 13611 36+8 115+9 376+13 96+6 11 11 561 nagimoto MT-5 CHN recorder ele-
(7a) OiPr mental analyzer. FAB-MS was car-
NEt-31B  3- CH 0581002 1144 23+10  140%13 3+1 103+6 39 51 623 ried out with a VG70-SE.
{79) Oiu LGD1069 (3) and PA024 (5). These
:\175;)-4|P gfp CH 410+ 40 112+£11 1180+210 80+4 143030 8115 28 34 561 compounds were prepared accord-
iPr - . .
PEC3P 3~ N 9+2 11334 36£18  103£3 55415 105%7 40 6.1 489 ing to references <[21] and [13],
8a) oiPr ) respectively.
PEC3IB 3~ N 442 10642 540 144414 4+0 105413 12 10 550 2-Isopropyl-5-nitrophenol  (10).
(8¢) OiBu Mixed acids (conc. HNO; : conc.
6a' - 195425 115416 2250450 52+14 620+50 59+3 11 31 655 H,50,=2:5, 14 mL) were added to
6b' - -~ 115%5 98+6 635175 94+2 350+85 817 55 30 613 a solution of 2-isopropylaniline 9
LGD1069 -~ - 340 106+12 61 14£12 5%2 104+3 20 16 823 (279, 20mmol) in conc. H,SO,
3) (80mL) through a dropping
PA[(:]24 - - 31 - 24x0 - 841 - 80 26 723 funnel with temperature main-
o tained between —5°C and 0°C.
[a] All values represent the standard error of the mean value of at least two separate experiments with tripli- The reaction mixture was alkali-
cate determinations. [b] ECs, values were determined from full dose-response curves ranging from 107° to nized with 2n NaOH and extracted
107w in COS-1 cells. [c] These data were quoted from reference [11]. [d] Luciferase activity of PA024 (5) at with EtOAc (3x200 mL). The or-
1 um was defined as 100%. [e] Selectivity was calculated with each ECs, value. [f) CLogP values were calculated ganic layer was collected, washed
with ChemDraw Ultra7.0. with H,O0 (200 mL) and brine
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(150 mL), and dried over MgSO, The solvent was evaporated
under reduced pressure to yield 2.9 g of 2-isopropyl-5-nitroaniline
as brown oil (81 %). This compound gave a single spot on TLC, so
it was Used for the next step without further purification. 'H NMR
(500 MHz, CDCl,): §=7.60 (1H, dd, /=85, 2.5 Hz), 7.50 (1H, d, J=
2.5Hz), 7.24 (1H, d, J=8.5H2), 3.95 (2H, br s), 2.90 (1H, sep, J=
7.0 Hz), 1.29 ppm (6H, d, J=7.0 Hz).

NaNO, (1.2 g, 18 mmol, dissolved in 3.0 mL of H,0) was added to a
suspension of 2-isopropyl-5-nitroaniline (2.9 g, 16 mmol) in H,0
(3.0 mL) and conc. H,S0, (4.0 mL) with temperature maintained
under 5°C. The reaction status was checked by potassium iodide
starch test paper. Then the reaction mixture was poured dropwise
into a conc. H,SO, (12 mL) and H,0 (9.0 mL) mixture at 120°C. The
reaction mixture was poured into H,0 (150 mL) and extracted with
EtOAc (3x200 mL). The organic layer was collected, washed with
H,0 (200 mL) and brine (150 mi), and dried over MgSO,. The sol-
vent was evaporated under reduced pressure. The residue was pu-
rified by flash column chromatography (EtOAc : n-hexane=1:5) to
yield 10 as brown oil (2.2 g, 75%). 'H NMR (300 MHz, CDCl,): 6=
7.78 (1H, dd, J=8.5, 2.5Hz), 7.63 (1H, d, J=25Hz), 733 (1H, d,
J=8.5Hz), 580 (1 H, s), 3.31 (1H, sep, J=7.0 Hz), 1.28 ppm (6H, d,
J=7.0Hz). '
2-Isopropoxy-1-isopropyl-4-nitrobenzene (13 a). 2-Bromopropane
(0.56 mL, 6.0 mmol), K,CO; (552 mg, 3.6 mmol) and Ki (catalytic
amount) were added to a solution of 10 (668 mg, 3.7 mmal) in dry
DMF (4.0 mL). The reaction mixture was stirred at 70°C for 2 h.
Then the reaction mixture was poured into H,0 (80 mL) and ex-
tracted with EtOAc (3x80 mL). The organic layer was collected,
washed with H,0 (2x80 mL) and brine (80 mL), and dried over
MgSO,. The solvent was evaporated under reduced pressure. The
residue was purified by flash column chromatography to afford
13a as light yellow oil (729 mg, 88%). 'H NMR (500 MHz, CDCl,):
0=7.76 (1H, dd, J=8.5, 20Hz), 7.66 (1H, d, J=2.0Hz), 7.31 (1H,
d, /=8.5Hz), 467 (1H, sep, J=6.0Hz), 3.36 (1H, sep, J=7.0 Hz),
139 (6H, d, J=6.0 Hz), 1.22 ppm (6H, d, J=7.0 Hz).
_1-lsopropyl-4-nitro-2-n-propoxybenzene (13b). 1-lodopropane
(595 mg, 3.5 mmol) and K,CO; (414 mg, 3.0 mmol) were added to a
solution of 10 (513 mg, 2.8 mmol) in dry DMF (4.0 mL). The reac-
tion mixture was stirred at 80°C overnight. Then the reaction mix-
ture was poured into H,O (50 mL) and extracted with EtOAc (3x
50 mL). The organic layer was collected, washed with H,0 (2x
" 50 mL) and brine (50 mL), and dried over MgSO,. The solvent was
evaporated under reduced pressure. The residue was purified by
flash column chromatography to yield 13b as light yellow oil
(426 mg, 68%). 'H NMR (300 MHz, CDCl,): 6=7.80 (1H, dd, /=85,
25Hz), 7.65 (1H, d, J=25Hz), 731 (1H, d, J=8.5 Hz), 4.02 (2H, t,
J=6.5Hz), 3.39 (1H, sep, J/=7.0Hz), 1.89 (2H, m), 1.24 (6H, d, J=
7.0 Hz), 1.09 ppm (3H, t, J=7.5 Hz).
2-Isobutoxy-1-isopropyl-4-nitrobenzene (13 c). Following the pro-
cedure to synthesize 13a, 13 ¢ was obtained in 71% yield as clear
yellow oil. 'HNMR (300 MHz, CDCl;):: 6=7.80 (1H, dd, /=85,
2.5Hz), 7.65(1H, d, J=25Hz), 7.32 (1H, d, /=8.5 Hz), 3.82 (2H, d,
J=6.5Hz), 340 (1H, sep, J=7.0Hz), 217 (1H, m), 1.25 (6H, d, J=
7.0 Hz), 1.08 ppm (6H, d, J=6.5 H2). '

FULL PAPERS

20Hz), 624 (1H, d, J=2.0Hz), 446 (1 H, sep, J=6.0 Hz), 3.19 (1H,

- sep, J=7.0Hz), 1.32 (6H, d, J=6.0 Hz), 1.15 ppm (6H, d, /=7.0 H2).

4-Isopropyl-3-n-propoxyaniline acetate (14b AcOH). Following

. the procedure to synthesize 14a AcOH, 14b AcOH was obtained

(q.y.). This compound gave a single spot on TLC, so it was used for
the next step without further purification. 'H NMR (300 MHz,
CDCly): 6=7.00 (1H, d, J=80Hz), 6.36 (1H, dd, J=8.0, 2.0 Hz),
6.31 (1H, d, J=2.0Hz2), 3.87 (2H, t, J=6.5Hz), 3.22 (1H, sep, /=
7.0 Hz), 1.81 (2H, m), 1.17 (6H, d, /=7.0Hz), 1.05 ppm (3H, ¢, J=
7.5 Hz).

3-Isobutoxy-4-isopropylaniline acetate (14c AcOH). Following
the procedure to synthesize 14a AcOH, 14c¢ AcOH was obtained

(g.y.). This compound gave a single spot on TLC, so it was used for

3-Isopropoxy-4-isopropylaniline acetate (14a AcOH). 10% acti-

vated Pd-C (catalytic amount) was added to a solution of 13a
(1.1 g, 4.9 mmol) in AcOH (4.0 mL). The reaction mixture was stirred
under H, atmosphere at RT for 6 h. The reaction mixture was fil-
tered through celite, and the celite cake was washed with EtOAc
(100 mL). The solvent was evaporated under reduced pressure to
give 14a AcOH (g.y.). This compound gave a single spot on TLC, so
it was used for the next step without further purification. 'H NMR
(500 MHz, CDCLy): 6=6.96 (1H, d, J=8.0Hz) 6.26 (1H, dd, /=8.0,

ChemMedChem 0000, 00, 1-9

the next step without further purification. 'H NMR (300 MHz,
CDCly): 6=6.97 (1H, d, J/=8.0Hz2), 6.27 (1H, dd, J=8.0, 2.0 Hz),
6.23 (1H, d, J/=2.0Hz), 3.67 (2H, d, J=6.5Hz), 3.22 (1H, sep, /=
7.0Hz), 210 (1H, m), 1.18 (6H, d, J=7.0Hz2), 1.04 ppm (6H, d, /=
7.0 Hz).

2-sopropyl-4-nitrophenol (12). Conc. HNO; (2.5 mL, 20 mmol)
was added to a solution of 2-isopropylphenol 11 (2.7 g, 20 mmol)
in EtOAc (50 mL) in an ice bath. The reaction mixture was placed
in an ultrasonic reactor, and ZnCl, (3.43 g, 25 mmol) was added in
small portions over 2.5-h. The reaction mixture was poured into
H,O (100 mL) and extracted with EtOAc (3x 100 mL). The organic
layer was collected, washed with H,0 (2x100 mL) and brine
(100 mL), and dried over MgSO,. The solvent was evaporated
under reduced pressure. The residue was purified by flash chroma-
tography to yield 12 (972 mg, 27 %) as an off-white solid. 'H NMR
(300 MHz, CDCly): 6=8.13 (1H, d, J=3.0Hz), 801 (1H, dd, /=90,
30Hz), 682 (1H, d, J=9.0Hz), 574 (1H, s), 3.25 (1H, sep, J=
7.0 H2), 1.30 ppm (6H, d, J=7.0 H2).
1-Isopropoxy-2-isopropyl-4-nitrobenzene (13d). Following the
procedure to synthesize 13a, 13d was obtained as brown oil
(94 %). This compound gave a single spot on TLC, so it was used
for the next step without further purification. 'H NMR (300 MHz,
CDQl,): 6=8.10 (1H, d, J=3.0Hz), 8.07 (1H, dd, /=8.5, 3.0 Hz),
6.86 (1H, d, J=8.5 Hz), 470 (1H, sep, J=6.0 Hz), 3.31 (1H, sep, J=
7.0 Hz), 1.40 (6H, d, /=6.0 Hz), 1.24 ppm (6H, d, J=7.0 Hz).
4-Isopropoxy-3-isopropylaniline (14d AcOH). Following the pro-
cedure to synthesize 143 AcOH, 14d AcOH was obtained in crude
oil (q.y.). This compound gave a single spot on TLC, so it was used
for the next step without further purification. 'H NMR (300 MHz,
CDCly): 6=6.71 (1H, d, J/=8.5Hz), 6.64 (1H, d, /=3.0 H2), 6.53 (1H,
dd, J=8.5, 3.0Hz), 435 (1H, sep, /=6.0Hz), 3.28 (1H, sep, J=
7.0 Hz), 1.30 (6H, d, J=6.0 H2), 1.17 ppm (6H, d, J=7.0 Hz).
4-[N-(3-Isopropoxy-4-isopropylphenyl)amino]nicotinic acid
methyl ester (15a). 6-Chloronicotinic acid (788 mg, 5.0 mmol) was
added to a solution of 14a AcOH (1.24g, 4.9 mmol) in AcOH
(4.0 mL). The reaction mixture was stirred at 80°C for 4 h. The reac-
tion mixture was evaporated under reduced pressure. Conc. H,SO,
(catalytic amount) was added to a solution of the residue in dry
MeOH (5.0 mL) under ice cooling. The reaction mixture was re-
fluxed overnight. The reaction mixture was poured into sat.
NaHCO; (100 mL) and extracted with EtOAc (2x 50 mL). The organ- _
ic layer was collected, washed with H,O (50 mL) and brine (50 mL),

.and dried over MgSQ,. The solvent was evaporated under reduced
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pressure. The residue was purified by flash column chromatogra-
phy to yield 15a (702 mg, 44%). 'H NMR (300 MHz, CDCl): 6=8.75
(1H, d, J=2.5Hz), 8.08 (1H, dd, /=90, 2.5 Hz), 7.69 (1H, br s), 7.19
(1H, d, J/=8.0Hz), 6.83 (1H, d, J=9.0Hz), 6.82 (1H, d, J=20Hz),
6.81 (1H, dd, J=8.0, 2.0 Hz), 4.51 (1H, sep, J=6.0 Hz), 3.90 (3H, s),
3.32 (1H, sep, J=7.0Hz), 1.35 (6H, d, J=6.0 Hz), 1.21 ppm (6H, d,
J=7.0 Hz).
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4-[N-(4-Isopropyl-3-n-propoxyphenyl)amino]nicotinic acid  hexane (41% for 2 steps). Mp: 191.5-193.0°C; 'H NMR (300 MHz,
methyl ester (15b). Foliowing the procedure to synthesize 15a, CDCl;): 6=891 (1H, d, J=2.0Hz), 7.83 (1H, dd, /=90, 2.0 Hz),
15b was obtained as a purple solid (51% for 2 steps). 'HNMR  7.26 (1H, d, J/=8.0Hz), 6.77 (1H, dd, /=80, 2.0Hz), 6.64 (1H, d,
(300 MHz, CDCl;): 6=8.82 (1H, d, J=2.0Hz), 803 (1H, dd, /=90, J=2.0Hz),6.25(1H, d, J=9.0Hz), 4.04 (2H, q, J=7.0 Hz), 3.68 (2H,
20Hz), 7.18 (1H, d, J=8.5Hz), 6.89 (1H, ), 6.85 (1H, d, J=2.0Hz), d, J=6.5Hz), 336 (1H, sep, J=7.0Hz), 2.12 (1H, m), 1.26 (6H, d,
6.84 (1H, dd, J=8.5, 2.0Hz), 6.79 (1H, d, J=9.0Hz), 391 2H,t,J= J=7.0Hz), 1.25 (3H, t, J=7.0Hz), 1.06 ppm (6H, d, /=65 Hz); IR
6.5 Hz), 3.88 (3H, s), 3.31 (3H, sep, /=7.0Hz), 1.84 (2H, m), 1.23 (KBr): ¥=2960, 1684 cm™'; FAB-MS m/z: 357 [M+H*]; Anal. Calcd
(6H, d, J=7.0 H2), 1.07 ppm (3H, t, J=7.5 H2). for C,,H;N,0;: C, 70.76; H, 7.86; N, 7.92. Found: C, 70.92; H, 7.90;
4-[N-(3-Isobutoxy-4-isopropylphenyl)aminolnicotinic acid methyl N, 7.89.

ester {(15c). Following the procedure to synthesize 15a, 15¢ was  4-[N-Ethyl-N-(4-isopropoxy-3- |sopropylphenyl)ammo]mcotlmc
obtained as purple solid (62% for. 2 steps). 'HNMR (500 MHz,  acid (7d). Following the procedure to synthesize 7a, 7d was ob-
CDdl,): 6=8.82 (1H, d, J=25Hz), 803 (1H, dd, /=90, 25Hz2), . tained as off-white cubics after being recrystallized from n-hexane
7.18 (1H, d, J=8.5Hz), 6.85 (1H, s), 6.84 (1H, dd, J=8.5, 2.0 Hz), (54% for 2 steps). Mp: 212.0-214.0°C; 'HNMR (300 MHz,
6.83 (1H, d, J=2.0Hz), 6.79 (1H, d, J=9.0Hz), 3.89 (3H, s}, 3.71 [DJDMSO): 6=12.45 (1H, br s), 8.65 (1H, d, J/=2.5Hz), 7.77 (1H,
(2H, d, J=6.5Hz), 3.32 (1H, sep, J=7.0Hz), 2.13 (1H, m), 1.23 (6H, dd, /=9.0, 20 Hz), 7.04 (3H, m), 6.14 (1H, d, /=9.0 Hz), 4.93 (2H,
d, J=7.0Hz), 1.06 ppm (1H, d, J=6.5 Hz). q. J=70Hz), 464 (1H, sep, J=6.0 Hz), 3.23 (1H, sep, J=7.0 Hz),
6-[N-(4-1sopropoxy-3-isopropylphenyl)amino]nicotinic acid  1.31 (6H, d, J=6.0Hz2), 1.15 (6H, d, J=7.0 Hz), 1.14 ppm (3H, 1, J=
methyl ester (15d). Following the procedure to synthesize 15a, 7.0 Hz); IR (KBr): 71664 cm™'; FAB-MS m/z: 343 IM+H']; Anal. Calcd
15d was obtained as white solid (57% for 2 steps). 'HNMR  for CyHyN,O4: C, 70.15; H, 7.65; N, 8.18. Found: C, 70.02; H, 7.36;
(300 MHz, CDCL,): 6=8.75 (1H, d, J=2.5Hz), 803 (1H, dd, /=90, N, 8.23.

2.5Hz), 740 (1H, br s), 7.09 (1H, d, J=3.0Hz), 706 (1H, d, /=80, 3-lsopropoxy-4-isopropylaniline hydrochloride (14a HCl). 10%
3.0Hz), 6.85 (1H, d, J=80Hz), 6.67 (1H, d, J=9.0Hz2), 454 (1H, activated Pd-C (catalytic amount) was added to a solution of 13a
sep, J=6.0 Hz), 3.89 (3H, s), 3.32 (1H, sep, J=7.0Hz), 1.36 (6H, d, (1880 mg, 8.4 mmol) in MeOH (15 mL). The reaction mixture was
J=6.0 Hz), 1.19 ppm (6H, d, /=7.0 Hz). stirred under H, atmosphere at RT for 4 h. The reaction mixture
4-[N-Ethyl-N-(3-isopropoxy-4-isopropylphenyl)amino]nicotinic was filtered through celite, and the celite cake was washed with
acid (7a). 15a (115 mg, 0.35 mmol) was added to a suspension of ~ MeOH. The solution was concentrated under reduced pressure.
NaH (16 mg, 0.40 mmol, 60% dispersion in oil) in dry DMF (1.0 mL) Conc. HCl {0.5 mL) and EtOAc (30 mL) were added to the concen-
at RT under argon. After stirring for 5 min, iodoethane (30 uL, trated solution. The precipitate was filtered to give colorless nee-
0.40 mmol) was added, and then it was stirred overnight. The reac-  dles (1915mg) containing 14a HCl (99%). 'HNMR (300 MHz,
tion mixture was poured into H,O (20 mL) and extracted with CDCly): §=9.84 (2H, br s), 7.23 (1H, d, J=8.0 Hz), 6.89 (1H; s), 6.81
EtOAc (2x10 mL). The organic layer was collected, washed with (1H, d, J=8.0Hz), 4.53 (1H, sep, J=6.0Hz), 3.19 (1H, sep, J=
H,0 (10 mL) and brine (10 mL), and dried over MgSO,. The solvent 7.0H2), 1.30 (6H, d, J=6.0 Hz), 1.14 ppm (d, J=7.0 Hz).

was evaporated under reduced pressure to yield a yellow oil. 28 3-Isobutoxy-4-isopropylaniline hydrochloride (14c¢ HCI). Follow-
NaOH (0.50 mL) was added to a solution of the residue in MeOH  ing the procedure to synthesize 14a HCl, 14c HCl was obtained as
(2.0 mL), and it was stitred at 60°C for 1 h. The reaction mixture colorless needles (89%). 'H NMR (300 MHz, CDCl,): 6=6.98 (2H, br
was evaporated under reduced pressure to remove MeOH. The so-  s), 7.23 (iH, d, J=8.0Hz), 6.81 (1H, s}, 6.80 (1H, d, /=8.0Hz2), 3.73
lution was poured into sat. NH,Cl (20 mL) and extracted with (2H, d, J=6.5 Hz), 3.22 (1H, sep, J=6.5 Hz), 2.08 (1H, m), 1.16 (6H,
EtOAc (3% 10 mL). The organic layer was collected, washed with d, /J=6.5Hz), 1.02 ppm (6H, d, J=6.5 Hz).

H,0 (2x 10 mL) and brine (10 mL), and dried over MgSO,. The sol-  2-IN-(4-Isopropoxy-3-isopropylphenyl)aminolpyrimidine-5-car-
vent was evaporated under reduced pressure. Recrystallization  boxylic acid ethyl ester (16a). K,CO; (622 mg, 4.5 mmol) and DMF
from MeOH afforded 7a as colorless needles (48 mg, 40% for 2 (5 drops) were added to a mixture of 2-chloropyrimidine-5-carbox-
steps). Mp: 212.0-214.0°C; 'H NMR (500 MHz, CDCl;): 6=8.91 (1H,  ylate (120 mg, 0.60 mmol) and 14a HCl (148 mg, 0.60 mmol). The
d, J=2.0Hz), 7.83 (1H, dd, J=9.0, 25 Hz), 7.26 (1H, d, /=8.0Hz), mixture was stirred at 120°C for 12 h. The mixture was poured into
6.74 (1H, dd, J=8.0, 2.0Hz), 6.65 (1H, d, J=20Hz), 6.26 (1H, d, 2~ HCl (30 mL) and extracted with EtOAc (2x30 mL). The organic
J=9.0Hz), 449 (1H, sep, J=6.0Hz), 406 (2H, q, J=70Hz), 332 layer was collected, washed with H,0 (2x30mL) and brine
(1H, sep, J=7.0 Hz), 1.34 (6H, d, J=6.0Hz), 1.25 (6H, d, J=7.0Hz), (20 mL), and dried over Mg50,. The solvent was evaporated under
1.24 ppm (3H, t, J=7.0H2); IR (KBr): v-=1698 cm™'; FAB-MS m/z;  reduced pressure. The residue was purified by flash column chro-
343 [M+H]™; Anal. Calcd for C,gHN,0;: C, 70.15; H, 7.65; N, 8.18.  matography (EtOAc:n-hexane = 1:6) to yield 16a (152 mg, 69%) as
Found: C, 70.18; H, 7.71; N, 8.46. a colorless solid. '"H NMR (500 MHz, CDCl,): 8=8.95 (2H, s), 7.39
4-[N-Ethyl-N-(4-isopropyl-3-n-propoxyphenyl)amino]nicotinic (1H, brs), 734 (1H, d, J/=2.0Hz), 7.16 (1H, d, J=8.0Hz), 6.99 (1H,
acid (7b). Following the procedure to synthesize 7a, 7b was ob-  dd, J=8.0, 2.0 Hz), 456 (1H, sep, /=6.0 Hz), 437 (2H, q, /=7.0 Hz),
tained as off-white cubics after being recrystallized from CH,Cl,/n-  3.28 (1H, sep, J=7.0Hz), 1.39 (3H, t, J=7.0H2), 1.37 (6H, d, J=
hexane (62% for 2 steps). Mp: 147.0-148.0°C; 'H NMR (300 MHz, 6.0 Hz), 1.20 ppm (6H, d, J=7.0 H2).

CDCl,): =891 (1H, d, J=20Hz), 7.86 (1H, dd, J=9.0, 20Hz),  2-[N-(4-Isobutoxy-3-isopropylphenyl)amino]pyrimidine-5-carbox-
7.28 (1H, d, J=8.0 H2), 6.76 (1H, dd, J=8.0, 20H2), 6.64 (1H, d,  ylic acid ethyl ester (16c). Following the procedure to synthesize
J=20H2), 629 (1H, d, J=9.0Hz), 4.13 (2H, q, J=7.5 Hz), 3.88 (2H, 16a, 16¢ was obtained as a colorless solid (33%). 'HNMR
t, J=6.5Hz), 3.35 (1H, sep, J=7.0 Hz), 1.84 (2H, m), 1.27 (3H, t, /= (300 MHz, CDCl,): 6=8.95 (2H, s), 7.46 (1H, s), 7.26 (1H, d, J=
7.5 Hz), 1.26 (6H, d, J=7.0Hz), 1.07 ppm (3H, 1, J=7.5Hz); IR (KBr):  2.5Hz), 7.17 (1H, d, J=8.5Hz), 7.03 (1H, dd, J=8.5, 2.5 Hz), 438
5=2963, 1682 cm™'; FAB-MS m/z: 343 [M+H"]; Anal. Caled for (2H, q, J=7.0Hz), 3.76 (2H, d, J=6.5Hz), 331 (1H, m), 244 (1H,
CoH6N,0s: C, 70.15; H, 7.65; N, 8.18. Found: C, 69.91; H, 7.61; N,  sep), 1.39 3H, t, J=7.0 Hz), 1.22 (6H d, J=7.0 Hz), 1.07 ppm (6H,
8.13. . d, J=7.0Hz).
4-[N-Ethyl-N-(3-isobutoxy-4-isopropylphenyl)amino]nicotinic 2- [N-Ethyl-N—(4—|sopropoxy-3 isopropylphenyl)aminolpyrimidine-
acid (7¢). Following the procedure to synthesize 7a, 7¢ was ob-  5-carboxylic acid (8a). A solution of 16a (40 mg, 0.12 mmol) was
tained as colorless needles after being recrystallized from CH,Cl,/n-  added to a suspension of NaH (8 mg, 0.20 mmol) in DMF (2.0 mL)
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under Ar atmosphere. The solution was stirred at RT for 10 min,

- and then Etl (10 pL, 0.12 mmol) was added, and stirring was con-
tinued for an additional 10 min. The solution was poured into H,0
(20 mL) and extracted with EtOAc (2x 15 mL). The organic layer
was collected, washed with H,0 {2x20 mL) and brine (10 mL), and
dried over MgSO,. The solvent was evaporated to yield 38 mg of
colorless solid. 2n NaOH (2.0 mL) was added to a solution of the
residue (35mg, 0.10 mmol) in EtOH (2.0mL). The mixture was
stirred at 60°C for 10 min. The solution was neutralized with 2N
HCI and extracted with EtOAc (2x15 mL). The organic layer was
collected, washed with H,0 (2x20mL) and brine (10 mL), and
dried over MgSO,. The solvent was evaporated under reduced
pressure to yield 8a (32 mg, 88% for 2 steps) as a colorless solid.
Mp: 197.5-199.0°C; 'H NMR (300 MHz, CDCL,): 6=8.74 (2H, s), 7.21
(1H, d, J/=80Hz), 683 (1H, d, J=20Hz), 6.77 (1H, dd, J=8.0,
2.0 Hz), 4.56 (1H, sep, J=6.0 Hz), 4.00 (2H, q, J=7.0Hz), 2.11 (1H,
sep, J=7.0Hz), 1.26 (6H, d, J=6.0H2), 1.19 (6H, d, /=7.0H2),
1.16 ppm (3H, t, J=7.0 H2); IR (KBr): #1674 cm™'; FAB-MS m/z: 344
[M+H"*); Anal. Caled for C,gHN;O5: C, 66.45; H, 7.34; N, 12.24.
Found: C, 66.38; H, 7.29; N, 12.43.
2-[N-Ethyl-N-{4-isobutoxy-3-isopropylphenyl)amino}pyrimidine-
5-carboxylic acid (8c¢). Following the procedure to synthesize 8a,
8¢ was obtained as colorless needles (69 % for 2 steps). Mp: 180.5-
182.0°C; 'H NMR (300 MHz, CDCl;): 6=8.89 (2H, 5), 7.26 (1H, d, J=
8.0 Hz), 6.79 (1H, dd, J=8.0, 2.0 Hz), 6.66 (1H, d, J=2.0Hz), 4.06
(2H, q, J/=7.0Hz), 3.69.(2H, d, /=6.5Hz), 3.34 (1H, m), 2.11 (1H,
sep), 1.28 (3H, t, J=7.0Hz), 1.25 (6H, d, J=7.0 Hz), 1.05 ppm (6H,
d, J=6.5Hz); IR (KBr): v-=1673 cm™'; Anal. Calcd for CyH,;N;0;: C,
67.20; H, 7.61; N, 11.76. Found: C, 67.01; H, 7.25; N, 11.60.
Calculation of CLogP Values. LogP values for compounds were
calculated with ChemDraw Uitra 7.0.

" NBT Reduction Assay.

Culture of HL-60 cells. The human promyelocyte leukemia cell line
HL-60 was cultured in RPMI1640, which contained 10% fetal
bovine serum (FBS) and antibiotics (2% of penicillin-streptomycin
solution purchased from SIGMA), in a humidified atmosphere of
5% CO, at 37°C.

NBT reduction assay!®'®'"" Test compounds were . dissolved in’

DMSO at 20 mm for stock solutions. A test compound solution in
DMSO was added to a suspension of cells at a concentration of 8 x
10° cellsmL™". Final DMSO concentration was kept below 0.1%. For
vehicle and positive controls, the same volume of DMSO and
Am80® solution in DMSO were added, respectively. After incuba-
tion for 4 days, NBT reduction assay was performed as described
below. Cells were incubated in RPMI1640 (10% FBS) and an equal
volume of phosphate-buffer saline (PBS (-)) containing 0.2 w/w%
NBT and 12-O-tetradecanoylphorbol-13-acetate (TPA, 200 ngmL™)
in a humidified atmosphere of 5% CO, at 37°C for 30 min. The
rate of cell differentiation was calculated by the percentage of cells
containing blue-black formazan using more than 200 cells. The
average of at least three results for each assay was calculated. Syn-
ergistic activities of test compounds with Am80 were evaluated in
the presence of 3.3x107'°m of Am80, which induces less than
10% of cell differentiation, according to the method described
above.

Luciferase Reporter Gene Assay

Culture of COS-1 cells. COS-1 cells were maintained in Dulbecco’s
modified Eagle's medium supplemented with 10% FBS in a hu-
midified atmosphere of 5% CO, at 37°C.
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Luciferase reporter gene assay!'*'®'? Luciferase reporter gene
assays’ were performed using COS-1 cells transfected with three
kinds of vectors: each RXR subtype, a luciferase reporter gene
under the control of the appropriate RXR response elements, and
secreted alkaline phosphatase (SEAP) gene as a background. A
CRBPItk-Luc reporter and plasmid DNA was purified by a QIA
filter Plasmid Midi kit. COS-1 cells were transfected with- QIA Effec-
tene Transfection reagent according to the supplier’s protocol. Test
compound solutions whose DMSQ concentrations were below 1%
were added to the suspension of transfected cells, which were
seeded at about 4x 10* cellsmL™" in 96-well white plates. For vehi-
cle and positive controls, the same volume of DMSO and 9-cisRA
solution in DMSO were added, respectively. After incubation in a
humidified atmosphere of 5% CO, at 37°C for 18 h, some of the
medium was used for SEAP and the remaining cells were used for
luciferase reporter gene assays with a Steady-Glo Luciferase Assay
system (Promega) according to the supplier’s protocol. The lucifer-

-ase activities were normalized using secreted alkaline phosphatase

(SEAP) activities. The assays were carried out in duplicate three
times.
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The first subtype-selective RXR ago-
nist. NEt-3IP (7a) was found to be the
first RXRa/B-selective (or RXRa/B-dual)
agonist. Being potent, less lipophilic
than previous agonists, and having RXR
subtype-selective activity, NEt-3IP (7a) is
expected to become a new drug candi-
date and to be a useful biological tool
for clarifying each RXR subtype func-
tion.
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7a (NEt-3IP). RXRa/B-selective agonist
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The First Potent Subtype-Selective
Retinoid X Receptor (RXR) Agonist
Possessing a 3-lsopropoxy-4-
isopropylphenylamino Moiety, NEt-31P
(RXRa/fi-dual agonist)
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Hepatic disposition characteristics of Liposomes Coated with Mixture of Hydrophilic Polymers
Tamer Shehata, Ken-ichi Ogawara, Kazutaka Higaki and Toshikiro Kimura
(Division of Pharmaceutical Sciences, Graduate School of Medicine, Dentistry and Pharmaceutical Sciences,
Okayama University)

Introduction: Although liposomes are good candidates for efficient drug carriers, the rapid clearance by the
reticuloendothelial system (RES) limits their application as drug carriers to other tissues and/or cells. Besides
several physicochemical properties of liposomes, such as size, lipid ‘composition and surface charge, certain
serum proteins associated onto the surface of liposomes, so-called opsonins, largely influence their hepatic
disposition after systemic administration. Surface modification of liposomes by polyethylene glycol (PEG) is
known to increase their blood circulation time by inhibiting the interaction of liposomes with opsonins. Recently,
lipid-modified polyvinyl alcohol (PVA) is also suggested to be suitable for the same purpose. The objective of
this study is to evaluate the biodistribution and hepatic disposition characteristics of liposomes coated with the
mixture of PEG and PVA.

Materials and Methods: Liposomes, of which the composition is egg phosphatidylcholine:cholesterol:
polymers = 55:40:5 (molar ratio), were prepared by solvent evaporation and hydration method. The resultant
liposomes were extruded through a polycarbonate membrane filter and their particle sizes were adjusted around
100 nm. In the in-vivo studies, liposomes labeled with *H-cholesteryl hexadecyl ether, were intravenously
injected into male Wistar rats. Plasma concentrations were determined at different time points and the tissue
distribution of liposomes was measured at 6 h after injection. To evaluate the hepatic disposition characteristics
of liposomes, single-pass liver perfusion experiments were performed. Furthermore, to analyze the serum
proteins associated onto the surface of liposomes, total protein amount was measured and SDS-PAGE analysis
was conducted.

Results and Discussion: Liposomes coated with polymer mixture of PEG and PVA (4:1, mol%)
(PEG4%/PVA1% liposome) exhibited the highest blood circulating property among liposomes evaluated and
showed higher AUC and lower hepatic clearance than any other liposomes including liposomes coated with 5
mol% PEG (PEG5% liposome). These findings were supported by the significantly smaller hepatic disposition
of PEG4%/PVA1% liposome than PEG5% liposome in the single-pass liver perfusion experiment. In addition,
the pretreatment of perfused liver with trypsin did not affect the hepatic disposition of PEG4%/PVA1%
liposome, while the same treatment dramatically decreased that of PEG5% liposomes. These results clearly
indicate that the coating of liposome with the mixture of PEG and PVA can avoid the hepatic disposition via the
receptor-mediated endocytosis, while the hepatic disposition of PEG5% liposome can mainly be ascribed to the
receptor-mediated uptake. On the other hand, the total amount of serum proteins adsorbed on the surface of
PEG4%/PVA1% liposome was found to be significantly lower than that for PEG5% liposome. In addition, SDS-
PAGE analysis indicated that there was quite large difference in the profiles of serum proteins associated onto
these liposomes. These results suggest the decrease in opsonins and/or increase in dysopsonins associated on
PEG4%/PVA1% liposome. We are now trying to identify the serum proteins adsorbed on these liposomes.
In conclusions, the incorporation of small percentage of PVA into PEG liposome could reduce its affinity to the

liver and improve the in-vivo disposition characteristics.
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Fig. 1 Chemical structure of PDMA-co-PHEMA

- . _ Fig. 2 SEM image of PDLLA microspheres prepared
BRT7 =7 OFRBURI) LT, _ with PDMA-co-PHEMA-A.

Preparation of monodisperse poly(D,L-lactic acid) microspheres by anionic dispersion polymerization
- using the polymeric stabilizer with hydroxyl groups _

Makoto MURANAKA, Tsutomu ONO (Graduate school of Environmental Science, Okayama University, 3-1-1
Tsushima-naka, Okayama 700-8530, Japan)

Tsutomu ONO: Tel& Fax : +81-086-251-8908, E-mail:tono@cc.okayama-u.ac.jp

Key Word: Graft polymeric stabilizer / Anionic dispersion polymerization / Poly(D,L-lacfic acid) microspheres /

Polymeric micelles .

Abstract: Poly(dodecyl methacrylate)-co-poly(2-hydroxylethyl methacrylate) (PDMA-co-PHEMA), copolymer
with hydroxyl groups, was synthesized by free radical copolymerization and was used as a stabilizer for the
anionic dispersion polymerization of D,L-lactide. The effects of PDMA-co-PHEMA concentration and hydroxy!
group number on the particle diameter and polydispersity were examined. In the case of PDMA-co-PHEMA
with lower hydroxyl group number, monodisperse.PDLLA microspheres were obtained. In contrast, in the case

of PDMA-co-PHEMA with higher hydroxyl group number, polymeric micelles were formed.
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Table 1 Characteristic parameters of PDMA-co-PHEMA and the product for dispersion polymerization

- PDMA-co -PHEMA Product
Stabilizer ‘
. Mw Mwi/Mn CF (%) Morphology dp CV (%)
PDMA-co-PHEMA-A 49,380 2.46 1.45 Microsphere ~ 4.53 (um) 6.14
PDMA-co-PHEMA-B 40,851 2.56 6.59 Aggregate 22, 145 (nm) -
PDMA-co-PHEMA-C 40,817 2.35 9.59 Precipitate - - -
Fig. 3 (& PDMA-co-PHEMA-A 2 AW TH LT (© [N (b)
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9. PDLLA 370 A7 =7 DEHEIBITE——
JHERLTWVWD I G, BRBFEICXL VRFRRE
WA BELTWIRIEETOES FRER ORE % L | | N
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LAeMs, ABEESRICEBWTIEME:? PDLLA 27 & Fig. 3 GPC traces of (a) prepared PDLLA

microspheres, (b) PDMA-co-PHEMA-A, (c)
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Rk 2 BEY Y EEL (DLS) BIE L7 R % Fig. 4 IO~ Fig. 4 DLS histogram of the reaction
4, Fig. 4 £ 0. "t —s DIFERBE A E 220 solution after the dispersion polymerization

of D,L-lactide using PDMA-co-PHEMA-B.
RIGERP TR FREEEFRLTND Z LR

W S iz, PDMA-co-PHEM-C Z iV ZH&ITIE. K A~

Il teb -3 f;/*‘/l/ﬂk@%ﬁiﬁﬂjl:to ZOHTHS %o%ohﬂ
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Fig. 5 '"H NMR spectrum of the precipitate
(51/c#] obtained from the dispersion polymerization of
[1] G. Ma, M. Nagai, O. Shinzo, J. Colloid Surfaces A, D,L-lactide using PDMA-co-PHEMA-C.

153, 383 (1999).
" [2] S. Sosnowski, M. Gadzinowski, S. Slomkowski, S. Penczek, J. Bioactive Compatible Polym., 9, 345 (1994)
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- Time-Dependent Changes in Opsonin Amount Associated on Nanoparticles Alter Their
Hepatic Uptake Characteristics

Ken-ichi Ogawara, Susumu Nagayama, Kazutaka Higaki and Toshikiro Kimura

Division of Pharmaceutical Sciences, Graduate School of Medicine, Denti.stry and
Pharmaceutical Sciences, Okayama University, 1-1-1 Tsushima-naka, Okayama
700-8530, Japan ‘

Utilization of nanoparticulate drug carriers is one of the promising approaches to
achieve the organ specific drug delivery. Intravenously injected nanoparticles first
contact and associate with serum proteins including opsonins which are recognized by
their specific receptors on macrophages in reticuloendothelial system, especially in the
liver and spleen. This process, so-called opsonization, leads to the rapid elimination of
nanoparticles from the blood circulation, which has limited the clinical application of
nanoparticulate drug carriers so far. To understand and/or improve their in-vivo
disposition, the interaction of nanoparticles with serum proteins has been intensively
investigated. Although there are many papers describing the relationship between the
opsonin amounts associated on the surface of particles and their affinity to the liver,
there is no report investigating whether the time-dependent change in the adsorption
profile of serum proteins on nanoparticles substantially alters the hepatic disposition or
not. Therefore, in the present study, we investigated the correlation between the
time-dependent change in the adsorption pattern of serum proteins on lecithin-coated
polystyrene nanoparticle with a size of 50 nm (LNS-50), used as a model nanopatrticle,
and its disposition characteristics to the liver. The total amount of proteins adsorbed on
LNS-50 increased and the qualitative profile of serum proteins adsorbed on LNS-50
changed during the incubation with serum up to 360 min. The liver perfusion study
indicated that the hepatic uptake of LNS-50 incubated with-serum for 360 min was
significantly larger than those of LNS-50 incubated for shorter periods.
Semi-quantification of major opsonins, complement C3 (C3) and immunoglobulin G
(IgG), and in-vitro uptake study in primary cultured Kupffer cells demonstrated that the
increase in C3 and IgG amounts adsorbed on LNS-50 was directly reflected in the
increased disposition of LNS-50 to Kupffer cells. In addition, the amounts of some other
opsonins that are known to enhance the uptake of nanoparticles by hepatocytes also
increased over incubation time periods, which would be responsible for the
time-dependent change in the in-vitro uptake characteristics of LNS-50 by hepatocytes.
These results demonstrated that the amounts of opsonins associated on nanoparticles
would change over time and this process would be substantially reflected in the
alteration of their hepatic disposition characteristics.
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In Vivo Anti-Tumor Effects of PEG-Modified Liposomal Doxorubicin on P-Glycoprotein
Over-Expressing Tumor-Bearing Mice

Keita Un®, Takaaki Nakao®, Ken-ichi Ogawara®, Makiya Nishikawa®, Yoshinobu Takakura®,
Kazutaka Higaki® and Toshikiro Kimura®

a) Division of Pharmaceutical Sciences, Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences, Okayama University, 1-1-1 Tsushima-naka, Okayama 700-8530,
~Japan :

b) Department of Biopharmaceutics and Drug Metabolism, Graduate School of
Pharmaceutical Sciences, Kyoto University, Sakyo-ku, Kyoto 606-8501, Japan

The resistahce of cancer cells to various anti-cancer drugs such as doxorubicin (DOX) has
been clinically observed and the effectiveness of these drugs gradually decreases during
treatment. Multidrug resistance is, therefore, one of the greatest concerns in cancer
. chemotherapy. It has been considered that the over-expression of P-glycoprotein (P-gp),
known as the multidrug efflux pumps, plays a key role in the tumor acquisition of multidrug
resistance by inhibiting intracellular accumulation Of drug. Ih the present study, we e_stablishéd
the DOX-resistant colon-26 cancer cells (C26/DOX) and evaluated the in vitro cytotoxic effect
and in vivo therapeutic effect of polyethylene glycol (PEG)-modified ‘liposomal DOX for
C26/DOX. First of all, we examined the in vitro sensitivity of C26/DOX to DOX. ICs, value (40
uM) for C26/DOX was about 250-fold larger than that (0.15 uM) of control C26 (C26/control),
demonstrating that C26/DOX was much more resistant to DOX. Western blot analysis
confirmed the over-expression of P-gp in C26/DOX. The addition of verapamil, known as a
P-gp blocker, to the medium dramatically potentiated the cytotoxic effect of DOX to C26/DOX.
On the other hand, PEG liposomal DOX was not able to overcome the resistance of C26/DOX
in the in vitro study. Then, we evéluated the in vivo therapeutic effect of PEG liposomal DOX
by measuring the tumor volume in the C26/DOX- or C26/control-bearing mice. Unexpectedly,
contrary to the in vitro studies, PEG liposomal DOX was significantly effective for both
C26/DOX- and C26/contol-bearing mice in terms of the extent of tumor growth inhibition. As
the in vivo tumor accumulation of PEG liposome and the microvessel denéity within tumors
were similar in both C26/DOX- and C26/contol-bearing mice, other mechanisms except the
direct effect of DOX to tumor cells would be responsible for the in vivo anti-tumor effect of
PEG liposomal DOX in C26/DOX-bearing mice. Therefore, we focused on the endothelial
cells surrounding angiogenic vessels within the tumor. ICs, value of DOX in human umbilical
vein endothelial cells (HUVEC), widely used as a model of angiogenic vascular endothelial
cells, was found to be 0.16 M, and this value was similar to that in C26/control. We are now
trying to elucidate the substantial role of cytotoxic effect of DOX to endothelial cells in
C26/DOX-bearing mice. (2367 letters, 366 words) ’
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332p Phase Inversion Temperature (Pit) Method
Utilized Preparation Of O/w Nano-Emulsion By
Microreactor System

Jun Kubotal, Aiko Kato, and Tsutomu Ono?2. (1) Department of -
Environmenta Chemistry and Material, Okayama University, 3-1-1,
Tsushima-naka, Okayama, Japan, (2) Department of Material &
Energy Science, Okayama University, 3-1-1, Tsushima-naka,
Okayama, Japan

O/W Nano-emulsion was successfully prepared by applying
microreactor system in water/polyethylene glycol dodecyl ether
(C12E4)/dodecane system by the phase inversion temperature
method. Nano-emulsification was carried out by combining two
consecutive microreactors. Initially, relatively large droplets were
prepared in Y-shaped microchannel as pre-emulsification with
distilled water as the continuous phase (flow rate; 100 #l/min.) and
20 wt% C12E4-80 wt% dodecane solution as the disperse phase

- (flow rate; 40 #l/min.). Immediately after that, prepared pre-
emulsion was heated up to 333 K by passing through in a tubular
microreactor. According to the standard recipe, time required to
heat up at 333 K was measured to be 12.6 s. Heated solution was
then cooled by air (298 K) to obtain nano-emulsion (droplet
diameter; ca 100 nm, measured by dynamic light scattering (DLS)).
Stability of the nano-emulsion was also investigated by
measurement of the droplet diameter as a function of time. The
results showed that the droplet diameter slightly increased from 90
to 120 nm with the elapse of time (up to 100 h). Furthermore, the
noble estimation procedure was confirmed to design the suitable
microreactor for nano-emulsification by the phase inversion
temperature method. These investigations show the great potential
for continuously preparing the monodispersed nano-emulsion, and
can be expected to apply the pharmaceutical and cosmetic field.
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