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Abstract — We have previously employed the multi-template approach to create
many types of biologically active compounds. In this review, we focus on
extension of the multi-template approach to develop candidate anti-diabetic and

anti-metabolic syndrome agents with a well-balanced range of activities.

INTRODUCTION

Thalidomide (1), which was used as sedative in the middle of the 20" century, but was withdrawn after it
proved to be teratogenic, nevertheless shows versatile biological activities,”® and indeed, has been
brought back into clinical use for the treatment of multiple myeloma and Hansen’s disease. We
hypothesized that thalidomide possesses a versatile structure with affinity for a wide variety of binding
sites of endogenous signal messenger proteins. Based on this idea, we have developed many structurally
new biological response modifiers (BRMs), including liver X receptor (LXRo and LXR) antagonists,”™

110-12 and glycogen phosphorylase inhibitors.”> The foundation of the

o-glucosidase inhibitors
multi-template approach is that the number of three-dimensional spatial structures (fold structures) of
human proteins is only approximately 1000, which is much smaller than the number of human proteins,
estimated to be 50,000-70,000."*'® Therefore, ignoring physical/chemical interactions, one might expect
that a template structure that is spatially adapted to one fold structure might serve as a multi-template that
would interact specifically with 50-70 different proteins. We have focused on thalidomide as one such

multi-template.

This paper is dedicated to Professor Dr. Albert Eschenmoser on his 85th birthday.
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Diabetes mellitus (type 2) and the metabolic syndrome are associated with a clustering of many risk
factors, which correlate to increased cardiovascular risk. Treatment guidelines highlight the need for
stricter management of dyslipidemia to reduce cardiovascular risk in people with type 2 diabetes. Despite
optimal therapy for pathology,'” many patients fail to achieve their therapeutic goal, and more effective
drugs are required. We have been working on the creation of functional BRMs by means of the
multi-template approach. In previous studies,”'” we chose as a lead structure PP2P (2), which possesses a
phthalimide moiety adopted from thalidomide structure and a diphenyl ethane or ethene unit from
riccardin C (3). In this review, we describe this new extension of the multi-template approach into the
area of anti-diabetic and anti-metabolic syndrome agents, focusing on modulation of PPARs, which are
recognized as among the most important drug targets for the treatment of cardiovascular diseases, as well
as LXR antagonist,” a-glucosidase-inhibitory’ and glycogen phosphorylase-inhibitory'® activities. We
believe that this multi-template approach represents a novel drug discovery methodology for creation of

multi-target BRMs with great therapeutic potential.

O O
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thalidomide (1) PP2P (2)

Figure 1. Structures of thalidomide (1) and PP2P (2)
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riccardin C (3) PP2P (2)
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Figure 2. Common structure of riccardin C (3) and PP2P (2), and molecular design of

phenethylphenylphthalimide
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1. Liver X receptor antagonists’

The human nuclear receptor superfamily consists of 48 members.'"® The nuclear receptors bind to
endogenous ligands and elicit conformational changes, recruitment of cofactors, and finally gene
expression. Among them, LXRs (LXRao and LXRp) are believed to act as cholesterol sensors regulating
lipid homeostasis.'” Moreover, LXRs regulate the expression of genes involved in hepatic gluconeogenesis
(e.g., Pepck) and glucose transport (e.g., Glut4).***® All these observations suggest that LXRs may be an
effective target for the treatment of metabolic syndrome, including diabetes.

Oxysterols, 24(S),25-epoxycholesterol and 22(R)-hydroxycholesterol, are endogenous ligands of LXRs,”’
while T0901317 (4)** and GW3965 (5)*° are potent LXR pan-agonists which are used experimentally as
biological tools. These nonselective LXR agonists, however, cause undesired activation of triglyceride
(TG) synthesis and this activity prohibits their clinical application. LXR agonists increase the level of

sterol regulatory binding protein 1c (SREBP1c)**!

and carbohydrate response element-binding protein
(ChREBP),* followed by activation of hepatic lipogenesis, such as fatty acid synthesis. LXR-mediated
lipogenesis is attributed to a massive increase of SREBP1c expression. However, knockout of the srebpic
gene in rodents caused only a 50% reduction of hepatic fatty acid synthesis. Furthermore, when
srebplc-knockout mice were treated with the LXR agonist T0901317 (4), up-regulation of lipogenic
genes and elevation of fatty acid synthesis were still observed. ChREBP promotes lipogenesis by acting
as a glucose-sensitive transcription factor and increasing the hepatic conversion of excess carbohydrate to
lipid. LXR agonists are expected to be potent cardiovascular agents, if their strong lipogenic activity
mediated by SREBP1c and ChREBP could be nullified. Dentin et al. reported that liver-specific inhibition
of ChREBP in ob/ob mice improved hepatic steatosis and insulin resistance.” LXRa. is mostly expressed
in liver, whereas LXRp has a more widespread pattern of expression, being found in nearly every tissue.”*
Thus, LXRa-selective antagonists might be effective inhibitors of hepatic lipogenesis, if a decrease of
HDL levels can be avoided. We have created various LXR antagonists, including PP2P (2),*° and
therefore, we aimed at generating LXRa-selective antagonists by the structural development of PP2P (2).

LXR-antagonistic activity of the synthesized compounds 1is summarized in Table 1

(phenethylphenylphthalimide derivatives) and Table 2 (4,5,6,7-tetrachlorophenethylphenylphthalimide

derivatives).
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Figure 3. Structures of LXR ligands

PP2P (2) possesses weak LXRa-selective antagonistic activity. Compound (25) which bears a
4”-methoxyphenethyl unit in the 4’-position exhibited LXRa-selective antagonistic activity with weak
LXRp-antagonistic activity (LXRa : ICsp = 0.2 uM, LXRP : ICsp >30 uM). There is no difference in

3336 and we consider that the

amino acid sequences in the ligand-binding site region between LXRa and 3,
selectivity arises from the interaction between helix-3 of LXR, in which one amino acid difference exists
(LXRB I1e277/LXRa Val263)*’ and the 4”-methoxy group in the 4’-phenethyl moiety.” On the other hand,
compounds (18) and (23), possessing a 3”-methoxy group in the 4’-phenethyl moiety, exhibited

LXR-antagonistic activity predominantly over a-glucosidase-inhibitory activity.
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Table 1. LXR-antagonistic, a-glucosidase-inhibitory and glycogen phosphorylase-inhibitory activities of
phenethylphenylphthalimides (2, 11-26)

0]

. LXR LXR . lycogen
e o 1 " S S
11 — - — — — — — — — 110 —
2 2' S H H 40 9.8 24 >30 16.2 >100 0
12 2' S OMe OMe 56 7.4 13 >30 >100 >100 10
13 2' S OH OH 50 9.8 6 >30 >100 >100 40
14 3 s H H 34 >30 40 >30 >100 >100 0
15 3' S OMe OMe 33 >30 41 >30 >100 >100 0
16 3 S OH OH 68 6.1 61 76 38 >100 44
17 4' s H H 23 >30 7 >30 >100 >100 29
18 4' S OMe OMe 65 4.8 62 43 >100 >100 5
19 4' S OH OH Toxic 1.7 Toxic >3 >100 2.7 —
20 4' d H H 30 >30 10 >30 90 32 —
21 4 d OMe OMe 66 3.8 10 >30 >100 >100 42
22 4' d OH OH Toxic 1.6 Toxic >1 >100 >100 39
23 4' s OMe H 72 2.4 75 3.5 >100 >100 4
24 4' S OH H 54 7.5 23 >30 >100 >100 1
25 4' s H OMe 95 0.2 43 >30 >100 >100 32
26 4' S H OH 72 29 45 >30 >100 >100 30

single or double* : s means a single bond, d means a double bond in the substituent
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Table 2. LXR-antagonistic, a-glucosidase-inhibitory and glycogen phosphorylase-inhibitory activities of
4,5,6,7-tetrachlorophenethylphenylphthalimides (27-49)

"2
o A A Z;X/G[R
Cl
ca ©
.. single or LXRa LXRB a- i glycogen GPa
compound position goipix R' R? % hibtion m) % inhibiton zﬁ,\s/lo) |CG5:>U(CuOI\7II)dase e >
27 2' s H H Toxic >3 Toxic >3 >100 >100 18
28 2' s OMe OMe 64 6.1 57 77 >100 >100 41
29 2' s OH OH 32 15 26 17 20 9.3 —
30 3' s H H 6 >30 0 >30 >100 >100 0
3 3' s OMe OMe 23  >30 11 >30 83 >100 48
32 3' s OH OH 66 63 21 21 23 7.9 —
33 4 s H H 24 >30 18 >30 17 >100 35
34 4 s OMe OMe 26  >30 6  >30 18 19 —
35 4 s OH OH 62 5.1 22 >30 >100 19 —
36 3' d H H 28 >30 9  >30 31 51 —
37 3' d OMe OMe 31  >30 8  >30 27 18 —
38 3 d OH OH 65 6.6 24 >30 13 7.6 —
39 4 d H H 7 >30 12 >30 21 19 —
40 4 d OMe OMe 19  >20 8 14 40 24 —
Al 4 d OH OH 56 27 26 >30 >100 100 —
42 3' s OMe H 60 42 17 >30 69 >100 15
43 3' s OH H 70 26 9 >30 50 >100 30
44 3' s H OMe 62 55 18 >30 49 >100 48
45 3' s H OH 72 35 21 >30 >100 >100 45
46 4 s OMe H 55 6.9 30 >30 65 >100 10
a7 4 s OH H 60 39 18 >30 21 29 —
48 4 s H OMe 53 88 12 >30 >100 >100 34
49 4 s H OH 3 >30 36 >30 23 21 —

single or double* : s means a single bond, d means a double bond in the substituent



HETEROCYCLES, Vol. 82, No. 2, 2011 1089

2. a-Glucosidase inhibitors’

a-Glucosidase belongs to family 13 of glycoside hydrolase (GH13) and hydrolyzes 1,4-linked
o-D-glucose residues with release of free o-D-glucose.™ Its inhibitors can retard the uptake of dietary
carbohydrates and suppress postprandial hyperglycemia; therefore, effective a-glucosidase inhibitors are

candidate drugs to treat diabetic and/or obese patients.*”™!

Voglibose is a representative a-glucosidase
inhibitor which is commercially available.** a-Glucosidase inhibitors show a powerful hypoglycemic
effect in clinical use. 1-Deoxynojirimycin (dNM),* a classical o-glucosidase inhibitor often used as a
standard, showed weak o-glucosidase-inhibitory activity with an ICsy value of 250 uM under our

experimental conditions.

OH

N OH
H

dNM
1-deoxyngjirimycin (50)

Figure 4. Chemical structure of a-glucosidase inhibitor ANM

During our studies, we found that several thalidomide-related phthalimide derivatives, including PP2P (2)
(Fig. 1), possess both LXR-antagonistic activity and a-glucosidase-inhibitory activity. The co-existence of
LXR-modulating activity and a-glucosidase-inhibitory activity may be a rather general phenomenon,
because typical LXR ligands, including T0901317 (4), GW3965 (5), 22-(R)-hydroxycholesterol and
riccardin C (3), were found to possess potent a-glucosidase-inhibitory activity. However, we succeeded in
generating LXR-selective antagonists (18, 23) and an LXRa-selective antagonist (25), without
a-glucosidase-inhibitory activity. On the other hand, these two activities of riccardin C (3) have been only
partially separated by structural development. Thus, we next aimed to obtain specific a-glucosidase
inhibitors without LXR-antagonistic activity.

PP2P(2), which has the phenethyl moiety at the 2’-position, showed relatively strong a-glucosidase
inhibition with an ICsy value of 16.2 pM. Shift of the phenethyl moiety from the 2’-position to the 3’- or
4’-position elicited the disappearance of this inhibitory activity. Only compound (16), which has a
3’-phenethyl group bearing 3”- and 4”-OH groups, showed a-glucosidase-inhibitory activity with an ICsg
value of 38 uM, while compound (20), which has an unsubstituted styryl group at the 4’-position,

exhibited weak activity. Broadly speaking, 3’- and 4’-substituted compounds tend to lose



1090 HETEROCYCLES, Vol. 82, No. 2, 2011

a-glucosidase-inhibitory activity. Next, based on our previous finding that tetrachlorophthalimide
derivatives tend to possess a-glucosidase-inhibitory activity, tetrachlorophthalimide analogs (27-49) were
prepared and their activities were evaluated (Table 2). 4,5,6,7-Tetrachlorophthalimide derivatives showed
higher a-glucosidase-inhibitory activity than unsubstituted phthalimide derivatives.

Lineweaver-Burk plot analysis of a-glucosidase-inhibitory —activity for riccardin C (3)*,
deoxynojirimycin (50)* and compound (34) indicated that compound (34) is a non-competitive inhibitor,

like riccardin C, whereas deoxynojirimycin is a competitive inhibitor.

500 150 - 400 ¢
400 + +Riccardin C

+34

+deoxynojirimycin
100 (200 pM)

300

200

1/[V] (min/mM)
1/[V] (min/mM)

control control 100 control

100 ;ld/ éé :gli/
L L L L ! L o L L L L L 1 L L L L |
—(;% ) 02 04 06 08 1 12 —0.77 02 04 06 08 1 12 -04 -02 02 04 06 08 1 12

00 i -100 &
17181 (1/mM) -50 1/0S1 (1/mM) 1/[8]1 (1/mM)

Figure 5. Lineweaver-Burk plot analysis of the inhibition of a-glucosidase by (a) riccardin C (3), (b)
deoxynojirimycin (50) and (c) compound (34)

3. Glycogen phosphorylase inhibitors"

Glycogen phosphorylase catalyzes breakdown of glycogen to glucose-1-phosphate, which is metabolized
in the liver to glucose for delivery to the entire body. The liver accounts for ca. 90% of endogenous
glucose production. This hepatic glucose production (HGP) is controlled by insulin. HGP is composed of
glycogenolysis, in which a glucose monomer is released from glycogen, and gluconeogenesis, in which
glucose is synthesized from lactate, amino acids and glycerol. Glycogenolysis is estimated to account for
12% to 75% of total HPG.***" Glycogen phosphorylase consists of two interconvertible forms, that is,
glycogen phosphorylase a (GPa), which is the phosphorylated form (high activity, high substrate affinity),
and glycogen phosphorylase b (GPb), which is the nonphosphorylated form (low activity, low substrate
affinity).”® Therefore, inhibitors of GPa are expected to have potential application as novel
antihyperglycemic agents. There are at least six known binding sites in GPa.* The first class of
nonphysiological inhibitors of glycogen phosphorylase comprises glucose analogues (e.g., spirohydantoin
(51)°"), which bind to the catalytic site of GPa. Another class of GPa inhibitors binding at the catalytic

site is the iminosugars (e.g., 1,4-dideoxy-1,4-imino-D-arabinitol: DAB (1 1)).°1%
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Figure 6. Chemical structures of glycogen phosphorylase inhibitors

Using the multi-template approach, we have developed PP2P (2), which possesses LXR-antagonistic
activity and a-glucosidase-inhibitory activity. a-Glucosidase catalyzes the final step in the digestion of
carbohydrates. LXRs regulate important aspects of cholesterol homeostasis by not only controlling
expression of their target genes, including the ATP binding cassette ABCA1 and cytochrome P450 7A
(CYP7A) genes, but also acting as a glucose sensor. Our previous studies demonstrated the co-existence of
a-glucosidase-inhibitory activity and LXR-antagonistic activity in various compounds, including
phenethylphenylphthalimides Therefore, we speculated that the phenethylphenylphthalimide skeleton
might be recognized by GPa, which acts on glycogen (vide supra).

Although PP2P (2), the lead for this series of compounds, showed potent a-glucosidase-inhibitory activity,
it completely lacked glycogen phosphorylase-inhibitory activity under our experimental conditions. As
mentioned above, two OH groups at the 3”- and 4”-positions seem to be essential for appearance of
glycogen phosphorylase-inhibitory activity. Among unsubstituted phthalimide derivatives, none showed
ICsy values below 100 uM, except compounds (19) and (20). However, compounds (13), (16), (19) and
(22), which bear two OH groups at the 3”- and 4”- positions showed relatively high inhibition ratio at 100
uM among the tested compounds. In contrast, introduction of two methoxy groups at the same positions
was ineffective. Furthermore, incorporation of one substituent was not effective. On the other hand, the
4,5,6,7-tetrachlorophthalimide unit was an effective skeleton to elicit high glycogen phosphorylase
-inhibitory activity, and among tetrachlorophthalimide derivatives, introduction of two OH groups was
also very effective; in these compounds, even two OMe units were effective. Here, the 4’-substituted
phenylphthalimide derivative (19), which possesses OH groups at the 3”- and 4”-positions, exhibited the
most potent glycogen phosphorylase-inhibitory activity, with an ICsy value of 2.7 uM. Several other
compounds showed potent glycogen phosphorylase-inhibitory activity, and further development along

this line is expected.
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4. PPAR (peroxisome proliferator-activated receptor) agonists

PPARs are ligand-activated transcription factors belonging to the nuclear hormone receptor
superfamily.” They exist in three subtypes, PPARa, PPARS (PPARP), PPARy. For all PPARSs, lipids are
endogenous ligands, linking them to metabolism.”® PPARs are recognized as generic lipid sensors
translating nutritional signals into metabolic responses.”’® PPARs activate transduction of their target
genes as heterodimers with retinoic X receptors (RXR). The in vivo relevance of the various possible
combinations of heterodimers and their functions in vitro remain unclear,” but the PPAR response
element, a direct repeat of the sequence AGGTCA spaced by a single nucleotide, is considered to play a
key role.®” PPARs are important therapeutic targets, and specific ligands for a and y are commercially
available.

PPARa is necessary for the response to signals that induce peroxisome proliferation, hepatomegaly, and
up-regulation of lipid metabolism. Knock-out mice do not reveal any gross defects at birth, are viable, and
appear healthy.®’ However, PPARa knock-out adult mice accumulate lipids in the liver, have problems
regulating insulin secretion during fasting, develop skin disease and prolonged inflammatory responses,
show increased adipose tissue mass, and develop spontaneous liver tumors.”** PPARa is mainly
expressed in the liver, where it regulates free fatty acid (FFA) oxidation, and is also expressed to a lesser
extent in the heart, skeletal muscle, small intestine, and kidney.62 PPARa-selective ligands, fenofibrate,
bezafibrate, etc., have been on the market for many years to treat hyperlipidemia and decrease serum
levels of triglyceride, which is one of the risk factors of metabolic syndrome.

PPARS activation is thought to be a novel approach for the treatment of metabolic syndrome and
associated cardiovascular disease. PPARO is expressed in a variety of tissues, including skin, skeletal
muscle, adipose tissue, heart, and various types of cancer. PPARS knock-out embryos exhibit placental

defects, and a substantial proportion of embryos do not survive,*®

although some survive and appear
healthy.”” PPARS agonists are not yet in clinical use. Endogenous ligands for PPARS include fatty acids,
triglycerides, prostacyclin, and retinoic acid. A specific agonist, GW501516 (52),®® increased circulating
HDL cholesterol levels and lowered triglyceride and insulin levels.”” These effects may explain why
PPARS activation prevented metabolic syndrome and obesity, and ameliorated insulin sensitivity.”"’?

PPARY is expressed in white and brown adipose tissue, the gut, and immune cells. It regulates adipocyte
differentiation and lipid storage in white adipose tissue.”> Moreover, PPARy coordinates glucose
metabolism to improve insulin sensitivity.” Thiazolidinediones such as pioglitazone (54) and
rosiglitazone (55), which are full PPARYy agonists, are in clinical use for the treatment of type 2 diabetes.
PPARYy is transcribed into three splice variants which generate two distinct protein isoforms.”* Adipocytes

function as a regulator of systemic glucose and lipid homeostasis and PPARY is responsible for control of
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adipogenesis.”” PPARy-deficient mice display severe lipodystrophy, together with insulin resistance and
hypotension.”® Point mutations in the ligand or DNA-binding domain of PPARy elicit severe insulin

resistance in human subjects.”” The major side effects are fluid retention and triglyceride accumulation.

: I
[s¥egs F@erﬁj G

fenobibrate (6) GW501516 (52) ciglitazone (53)
0
Q ~_0 /«
NH
pioglitazone (54) rosiglitazone (55) 0

Figure 7. PPAR agonists

The ligand-binding domains of nuclear receptors have a common overall three-dimensional structure.'®
We have suggested that the phenethylphenylphthalimide skeleton might be a superior scaffold for the
development of BRMs for a range of proteins involved in anti-diabetic activity. Thus, we attempted to
generate PPAR agonists by the incorporation of aliphatic carboxylic acid units, adopted from fatty acids,
which are endogenous ligands for PPARs, into phenethylphenylphthalimides (Figure 8). These

compounds were synthesized as follows (Chart 1-3).

0 R 0 v
—/\/@ —> X n OH

AV aY;

o) o)

Figure 8. Molecular design of PPAR agonists
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Reagents and conditions : (a) PPhz, MeCN, reflux; (b) KoCO3, 18-crown-6, DCM, reflux; (c) Ha, 10% Pd-C, AcOEt, rt;
(d) LiBHy, THF, rt; () MnO,, DCM, rt; (f) HCI, EtOH, 100°C; (g) phthalic anhydride, neat, 200°C; (e) AcOH, 6N HCI, 70°C.

Chart 1. Synthesis of phenethylphenylphthalimide derivatives (57-59)

. OMe
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(0]
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Reagents and conditions : (a) K.COg3, 18-crown-6, DCM, reflux; (b) Hy, 10% Pd-C, AcOE, rt; (c) phthalic anhydride,
neat, 200°C; (d) BBr3, DCM, 0°C; (e) Halides, K,CO3, DMF, 50°C; (f) AcOH, 6N HCI, 70°C; (g) TFA, DCM, rt.

Chart 2. Synthesis of phenethylphenylphthalimide derivatives (60-62)

a b c N ﬁ@cozt-su
H3C COzH —_— H3C COzt-BU —— BI'H2C COzt-BU —_— Ph3P

Br

CO,t-Bu e O CO,t-Bu
O,N CHO + +@002T'BU 4, m,// C 2 —— H.N
PhgP O2N 2
Br

0 6]
f O CO,t-Bu g O CO,H
OO <= Oy

0 (6]

Reagents and conditions : (a) t-BuOH, EDC, DMAP, reflux; (b) AIBN, NBS, CCly, reflux; (c) PPhz, MeCN, reflux;
(d) Ko,CO3, 18-crown-6, DCM, reflux; (e) Ho, 10% Pd-C, AcOEt, rt; (f) phthalic anhydride, neat, 200°C; (g) TFA, CH,Cly, rt.

Chart 3. Synthesis of phenethylphenylphthalimide derivative (56)
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Table 3. PPAR-agonistic activities of phenethylphenylphthalimides (56-62)

O
O Fon
N O

1095

(@)
PPAR a PPAR & PPARY
compound X n % activation % activation % activation
at100 M  at100uM?  at 100 uM 2
56 — 0 14 0 2
57 CH, 1 53 27 7
58 CH, 3 4 4 7
59 CH, 5 8 4 5
60 (e 1 41 10 6
61 (0] 3 0 1 31
62 (0] 5 0 0 6

positive control compounds

a: fenofibric acid 10 pM, 8: GW501516 100 nM, v: ciglitazone 10 uM

@ Many of tested compounds did not dissolved in the test solution at 200 pM.

The PPAR-agonistic activities of the synthesized compounds are shown in Table 3. Although compound

(57), which possesses a carboxyethyl unit, showed 53% activation of PPARa, 27% activation of PPARS

and 7% activation of PPARY at the concentration of 100 uM, PPAR-agonistic activities of the synthesized

compounds were generally weak. Compounds (56, 58 and 59), that have different chain lengths of

aliphatic acid unit in their side chain, exhibited almost the same agonistic activities and subtype

selectivities (56; a: 14%, 6: 0%, v: 2%, 58; a: 4%, 6: 4%, v: 7%, 59; a: 8%, d: 4%, v: 5%).

On the other hand, the compounds with ether structure in the linkage between the benzene ring and

aliphatic carboxylic acid showed a slightly different structure-activity relationship. Compound (60),

which has an oxy-acetic acid moiety, exhibited 41 % activation of PPARa (3: 10%, y: 6%). On the other

hand, compound (61), having an oxy-butanoic acid unit, showed good PPAR vy selectivity (61; a: 0%, &:

1%, v: 31%).
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Mechanism-based side effects have limited the therapeutic potential of PPARs modulators. Development
of more selective PPARs modulators has been expected to yield safer alternatives. However, from the
viewpoint of obtaining better PPARs modulators without innate side effects, it may be a better strategy to
aim for an optimum balance of modulating activities for PPARs for the treatment of diabetes and
metabolic syndrome.

Biological activity evaluations of compounds (56-62), which possess a carboxylic acid moiety, for
glycogen phosphorylase-inhibitory activity, LXRs-modulating activity and a-glucosidase-inhibitory
activity are in progress. The tetrachlorophthaloyl derivatives (29, 32, 35 and 38), which bear two OH
groups at the 37- and 4”-positions, showed good activities against all these targets. Although
PPAR-modulating activities have not been evaluated yet, compounds (29, 32, 35 and 38) appear to have

good potential as diabetes- or metabolic syndrome-oriented multifunctional lead compounds.

CONCLUSIONS

We prepared a series of multifunctional modulators based on the multi-template approach inspired by
thalidomide. The synthesized compounds showed LXR-antagonistic activity, a-glucosidase-inhibitory
activity, glycogen phosphorylase-inhibitory activity and PPARs-modulating activity, and are candidate
lead compounds for development of drugs to treat diabetes, hyperlipidemia and metabolic syndrome.
Recently, the use of drug combinations, such as amlodipine besylate/atorvastatin calcium (caduet) and
ezetimibe/simvastatin (Vytorin), is being seen as a good approach to improve therapeutic efficacy. In the
case of Vytorin, ezetimibe and simvastatin, both of which are cholesterol reducers, are mixed to avoid the
toxicity that would be associated with an increased dose of either agent alone. In clinical practice,
multiple drugs may prescribed in some cases to achieve a therapeutic goal, especially for chronic
diseases.

We consider that the multi-template approach is a useful strategy to find multifunctional agents, i.e.,
single agents with well-balanced multiple activities. Integrated multifunctional drugs possessing an
appropriate balance of moderate activities might be highly efficacious for the treatment of some

conditions, without the possible side effects that may be associated with highly potent single agents.
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