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Abstract—Squalene synthase inhibitors are potentially superior hypolipidemic agents. We synthesized novel propylamine deriva-
tives, as well as evaluated their ability to inhibit squalene synthase and their lipid-lowering effects in rats. 1-Allyl-2-[3-(benzyl-
amino)propoxy]-9H-carbazole (YM-75440) demonstrated potent inhibition of the enzyme derived from HepG2 cells with an
IC50 value of 63nM. It significantly reduced both plasma total cholesterol and plasma triglyceride levels following oral dosing to
rats with a reduced tendency to elevate plasma transaminase levels.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Coronary heart disease remains a major cause of death
in the industrialized world despite recent advances in
pharmaceutical and surgical treatments.1 Elevated
plasma cholesterol is a well established risk factor for
this disease,2 and hence research for novel antihyper-
cholesterolemic agents has emerged as one of the most
active areas of current drug discovery. Because over
70% of cholesterol in the body is derived from de novo
cholesterol biosynthesis, inhibition of this pathway is a
promising approach for reducing plasma cholesterol.
Developments in the past decade have shown that 3-
hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors, the agents which inhibit cholesterol
biosynthesis, are the most effective therapeutic drugs for
lowering plasma cholesterol levels.3 It has also been
demonstrated that treatments with HMG-CoA reduc-
tase inhibitors improve the survival of patients with
existing coronary heart disease.4

However, HMG-CoA reductase inhibitors interrupt the
cholesterol biosynthesis pathway early on, which may
also prevent the formation of biologically important
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isoprenoids such as dolicols, ubiquinones, and isopent-
enyl t-RNA. Moreover, their lowering effects on plasma
triglyceride levels are modest.5 Elevated plasma triglyc-
erides has been proposed as another risk factor in the
progression of coronary heart disease.6 Thus, an agent
which has the potential to reduce both plasma choles-
terol and plasma triglycerides without interruption of
the isoprenoid biosyntheses would provide the maxi-
mum benefit for those with coronary heart disease.

As part of the efforts to discover novel hypocholestero-
lemic drugs, agents that inhibit other steps of the choles-
terol biosynthesis pathway have also been investigated.7

Squalene synthase (EC 2.5.1.21), which catalyzes the
reductive dimerization of two molecules of farnesyl
diphosphate to form squalene, is involved in the first
committed step in cholesterol biosynthesis. Inhibitors
of this enzyme do not interfere with the biosyntheses
of the above-mentioned isoprenoids, because the enzy-
matic step occurs after the branch points leading to
the isoprenoids. Furthermore, squalene synthase inhibi-
tors lower not only plasma cholesterol, but also plasma
triglycerides in vivo.8 Thus, the discovery of squalene
synthase inhibitors is of great interest as treatments for
hypercholesterolemia, hypertriglyceridemia, and coro-
nary heart disease.

Several classes of squalene synthase inhibitors, such
as substrate analogues,9 transition-state analogues,10
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Figure 1. Structures of squalene synthase inhibitors.
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2,8-dioxabicyclo[3.2.1]octane derivatives,11 dicarboxylic
acid derivatives,12 4,1-benzoxazepine derivatives,13 and
bicyclo[3.2.0]heptane derivatives,14 have been reported
in the literature. Quinuclidine derivatives, for example
RPR107393, were also reported to inhibit the enzyme,
and we discovered that introduction of a tricyclic system
into the quinuclidine-based inhibitor improved its
potential as a lipid-lowering agent (Fig. 1).15 In addition
to these inhibitors, Brown et al. revealed that N-iso-
propyl-biphenylyloxypropylamine derivatives, such as
compound 1, were potent inhibitors against squalene
synthase.16 Substituted quinuclidines have the potential
to be other pharmacological ligands, such as muscarinic
receptor agonists17 or neurokinin-1 receptor antago-
nists.18 These studies were the impetus for our work
on the replacement of the ethylidenequinuclidine scaf-
fold in the YM-53601 template with an N-alkyl-propyl-
amine moiety.

In this paper, we detail the results of our studies on the
synthesis, structure–activity relationships, and biological
activities of novel propylamine derivatives with tricyclic
systems as squalene synthase inhibitors.
2. Chemistry

Scheme 1 shows the syntheses of intermediate allyl-sub-
stituted phenol derivatives. Monoallyl intermediates 5–7
were prepared by the alkylation of commercially availa-
ble phenol derivatives 2–4 with allyl bromide followed
by thermal Claisen rearrangement. The monoallyl deriv-
ative 7 was resubjected to the above-mentioned two-step
sequence in order to form a diallyl intermediate 9. The
formation of 9-acetyl-1-allyl-2-hydroxy-9H-carbazole
Scheme 1. Reagents and conditions: (a) allyl bromide, K2CO3, DMF; (b) 20
(8) was accomplished in three steps: O-allylation, N-
acetylation, and subsequent Claisen rearrangement, for
which 2-hydroxy-9H-carbazole (4) was used as the start-
ing material. Detailed analysis of 1H NMR spectra of
the rearrangement products confirmed their structures.

The syntheses of target aryloxypropylamines 10–20 are
shown in Scheme 2. Compounds 10–19 were prepared
by alkylation of the intermediates 4–9 with 1,3-dibromo-
propane and subsequent reaction with appropriate
amines. The intermediate 7 was carried on to produce
an N-phenyl derivative 20 using a three-step sequence
involving alkylation with 1,3-dibromopropane, substitu-
tion with 2,2,2-trifluoro-N-phenylacetamide, and final
deprotection of the trifluoroacetyl moiety with aqueous
sodium hydroxide.15d

The allyl-substituted 9H-carbazole derivative 11 was
converted into the corresponding propyl analogue 21
through catalytic hydrogenation (Scheme 3).
3. Results and discussion

Inhibition by the prepared compounds of the conversion
of [3H]farnesyl diphosphate to [3H]squalene by rat liver
microsomal squalene synthase was measured by the
method of Amin et al.19 with a slight modification.
The selected compounds were evaluated for their inhib-
itory activity against squalene synthase derived from
human hepatoma (HepG2) cells, and their effects on
plasma total cholesterol and plasma triglycerides follow-
ing oral administration to rats were also examined.

Replacement of the ethylidenequinuclidine scaffold in
the YM-53601 template with an N-isopropyl-propylam-
ine moiety yielded compound 10, which showed compa-
rable inhibitory activity to YM-53601 (Table 1). This
result attracted our interest to further structural modifi-
cations of compound 10. Brown et al. reported that an
allyl substitution on the proximal phenyl ring provided
an increase of inhibitory activity over the nonsubstituted
parent compound in the series of propylamine-based
inhibitors containing biphenylyl moieties.16 Thus, we ex-
plored the installation of an allyl substituent into the
simple 9H-carbazole derivative 10 in order to improve
the potency, which resulted in compound 11 with slight
enhancement in inhibitory activity relative to the parent.
In anticipation of a further increase in activity, an addi-
tional allyl group was joined to the 9H-carbazole moiety
of compound 11. The resultant diallyl 9H-carbazole
0�C; (c) Ac2O, NaH, DMF.



Scheme 3. Reagents: (a) Pd–C, H2, EtOH.

Table 1. In vitro activities of propylamine derivatives with substituted

9H-carbazole rings

Compd R1 R2 IC50 (lM)a

YM-53601 0.090

10 H H 0.11

11 Allyl H 0.066

12 Allyl Allyl 0.25

21 Et H 0.46

1 0.093

RPR107393 0.068

a Compounds were tested for their ability to inhibit the conversion of

[3H]farnesyl diphosphate to [3H]squalene by rat liver squalene syn-

thase. IC50 values were determined by a single experimental run in

duplicate.

Scheme 2. Reagents: (a) 1,3-dibromopropane, K2CO3, DMF; (b) RNH2, isopropanol; (c) 2,2,2-trifluoro-N-phenylacetamide, K2CO3, DMF; (d)

NaOH, EtOH, H2O.
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derivative 12 was, rather unexpectedly, less potent than
the monoallyl inhibitor 11. The sp2 carbons at the side
chain on the tricyclic system were found to be important
for obtaining optimal activity; 1-propyl-9H-carbazole
derivative 21 caused a significant loss of inhibitory activ-
ity compared to the corresponding 1-allyl-9H-carbazole
derivative 11.

We next explored alternative tricyclic systems relative to
the 9H-carbazole moiety in compound 11. With these
chemical modifications, we focused on tricyclic systems
which had no benzylic protons, such as dibenzofuran
or 9H-xanthene-9-one, on the basis of our previous find-
ings that inhibitors with tricyclic systems lacking benzy-
lic protons showed improved lipid-lowering effects.15e

The results in Table 2 show that these modifications
unfortunately attenuated the ability to inhibit squalene
synthase. N-Acetylation on the 9H-carbazole moiety in
compound 11 yielded compound 15, which resulted in
a loss of potency compared to the parent. 9H-Xan-
then-9-one derivative 14 was slightly less active than
the 9H-carbazole analogue 11, and dibenzofuran deriv-
ative 13 was a much less potent inhibitor. A combina-
tion of these results and our earlier work allowed us to
conclude that 9H-carbazole was a suitable element for
obtaining potent inhibitory activity against squalene
synthase.

Other N-alkyl groups besides the N-isopropyl moiety
were also explored to determine the structural require-
ments for gaining inhibitory activity against squalene



Table 3. In vitro activities of N-substituted propylamine derivatives

Compd R IC50 (lM)a

11 i-Pr 0.066

16 i-Bu 0.40

17 Bn 0.15

18 c-Pr 0.23

19 c-Hex 0.31

20 Ph >1

a Refer to Table 1.

Table 2. In vitro activities of propylamine derivatives with tricyclic

systems

Compd Structure IC50 (lM)a

11 0.066

15 0.27

13 0.37

14 0.12

a Refer to Table 1.
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synthase. The data in Table 3 summarize the structure–
activity relationships of the close analogues of com-
pound 11. Conversion of the isopropyl group to an
isobutyl chain yielded compound 16, which led to a sig-
nificant reduction in inhibitory activity. The N-benzyl
analogue 17 was slightly less active than the N-isopropyl
derivative 11. Replacement with cyclic rings, such as
cyclopropyl (compound 18) or cyclohexyl (compound
19), also reduced potency relative to the parent com-
pound 11, and a further loss of inhibitory activity was
observed with the N-phenyl analogue 20. The pKa value
of the nitrogen atom in the propylamine moiety of the
N-cyclohexyl derivative 19 and that of the N-phenyl
derivative 20 were 10.7 and 4.6, respectively,20 indicating
that the reduced activity of compound 20 was due to its
decreased basicity.

The four most active compounds emerging from this
series, compounds 10, 11, 14, and 17 were evaluated in
Table 4. In vitro and in vivo activities of propylamine derivatives

Compd IC50 (lM)

Rata Humanb

10 0.11 0.81

11 0.066 0.032

14 0.12 0.12

17 0.15 0.063

RPR107393 0.068 0.057

a Refer to Table 1.
b Compounds were tested for their ability to inhibit the conversion of [3H]fa

hepatoma cells. IC50 values were determined by a single experimental run
c The value represents the mean percent change from the respective contro

(50mg/kg, two times a day for 4days, n = 6). The control value of plasma to

of each treated group was less than 15% of the mean.
d The value represents the mean percent change from the respective control v

two times a day for 4days, n = 6). The control value of plasma triglycerides w

group was less than 20% of the mean.
e Not tested.
***P < 0.001 versus control using the Student�s t-test.
our advanced profiling assays. These compounds were
tested for their ability to inhibit human-derived enzyme
and their lipid-lowering effects after oral dosing in rats
(Table 4). The allyl side chain on the tricyclic system
markedly affected the activity against human squalene
synthase in this propylamine series. Allyl-substituted
9H-carbazole derivative 11 was a potent inhibitor with
an IC50 value of 32nM, whereas nonsubstituted 9H-car-
bazole analogue 10 was a poor one with an IC50 value of
810nM. The inhibitory potency of N-benzyl derivative
17 was also significant (IC50 = 63nM) in the human en-
zyme assay, which was comparable to that of
RPR107393.

As we reported, the 9H-carbazole moiety was a suitable
tricyclic system for obtaining good lipid-lowering effects
in vivo in the series of quinuclidine-based inhibitors. A
similar boost in potency was obtained with these propyl-
amine derivatives. 9H-Carbazole derivatives 11 and 17
reduced plasma total cholesterol after oral dosing in rats
by 50% and 42%, respectively. However, the corre-
sponding 9H-xanthen-9-one analogue 14 lowered
plasma total cholesterol by only 14% despite the fact
that its in vitro activity was comparable to that of com-
pound 17 in the rat enzyme assay. Additionally, there
TC % changec TG % changed

NTe NTe

�50*** �25

�14 �8

�42*** �42

�34*** �18

rnesyl diphosphate to [3H]squalene by squalene synthase from human

in duplicate.

l value of plasma total cholesterol after oral administration in rats

tal cholesterol was 80 ± 3mg/dL (mean ± SEM), and the standard error

alue of plasma triglycerides after oral administration in rats (50mg/kg,

as 12 ± 1mg/dL (mean ± SEM), and the standard error of each treated



Figure 2. Effects of the oral administration of compounds 11 and 17

on plasma aspartate aminotransferase levels in rats. Compounds 11

and 17 were given at 250mg/kg/day for 3days (n = 3), respectively.

***P < 0.001 versus control using the Student�s t-test.
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was a tendency for compounds 11 and 17 to reduce plas-
ma triglycerides following p.o. administration in rats.
These results indicate that carbazole-containing squa-
lene synthase inhibitors have the potential to be effective
in the treatment of hypercholesterolemia, hypertriglyc-
eridemia, and also coronary heart disease.

Recent studies of squalene synthase inhibitors found
that the administration of some of the inhibitors re-
sulted in the elevation of plasma transaminase levels,
indicating that they might be hepatotoxic.9f,15e Thus,
the effects of compounds 11 and 17, the novel class of
potent and orally active squalene synthase inhibitors,
on plasma transaminase levels needed to be investigated.
Figure 2 shows the results of this assay. Disappoint-
ingly, N-isopropyl derivative 11 was found to cause a
4-fold elevation of the levels of plasma transaminase in
rats. However, N-benzyl analogue 17 had little effect
on plasma transaminase levels, thereby exhibiting re-
duced acute hapatotoxicity.
4. Conclusion

We have synthesized a novel series of propylamine
derivatives with tricyclic systems, and evaluated their
ability to inhibit squalene synthase in vitro. Their effects
on plasma lipid levels following oral dosing in rats were
also investigated. The structure–activity relationships of
the prepared compounds yielded useful information on
the structural requirements for the inhibition of the en-
zyme. The introduction of an allyl substituent into the
tricyclic system led to an increase in inhibitory activity,
relative to the parent compound. 9H-Carbazole was a
suitable tricyclic system for obtaining potent inhibition.
The inhibitor with this ring system also exhibited a sig-
nificant reduction of plasma lipid levels after oral
administration. In this novel series, 1-allyl-2-[3-(iso-
propylamino)propoxy]-9H-carbazole (11) and 1-allyl-2-
[3-(benzylamino)propoxy]-9H-carbazole (17) were
found to be potent inhibitors of squalene synthase with
IC50 values of 32 and 63nM, respectively, for the
HepG2 enzyme assay. These two inhibitors reduced
both plasma total cholesterol and plasma triglycerides
after oral administration to rats. These results indicated
that they are potent and orally active squalene synthase
inhibitors. Compound 11 elevated plasma transaminase
levels in rats, whereas compound 17 did not affect.

We propose that compound 17, YM-75440, is a promis-
ing lipid-lowering agent with potential in the treatment
of hyperlipidemia and coronary heart disease.
5. Experimental

5.1. Chemistry

1H NMR spectra were measured with a JEOL EX400
spectrometer. Chemical shifts are expressed in d
units using tetramethylsilane as the standard (in the
NMR description, s = singlet, d = doublet, t = triplet,
m = multiplet, and br = broad peak). Mass spectra were
recorded with a Hitachi M-80 or JEOL JMS-DX300
spectrometer. Melting points were measured using a Ya-
naco MP-500D melting point apparatus without correc-
tion. All reagents purchased were used without further
purification.

5.1.1. 1-Allyl-2-hydroxy-9H-carbazole (7). To a stirred
mixture of 2-hydroxy-9H-carbazole (4) (73.3g,
400mmol), allyl bromide (50.7g, 420mmol), and N,N-
dimethylformamide (300mL) was added potassium car-
bonate (82.8g, 600mmol) at 0 �C. The mixture was stir-
red at 0 �C for 2h, then allowed to warm to ambient
temperature and stirred for 24h. The reaction mixture
was poured into H2O (1300mL), and the precipitate
was collected. The resulting solid in n-hexane/chloro-
form (300mL, 85:15 by volume) was heated to reflux
for 0.5h. After cooling, the precipitate was filtered and
dried in vacuo to yield 2-allyloxy-9H-carbazole as a gray
solid (88.6g, 99%): 1H NMR (400MHz, CDCl3) d 4.61–
4.64 (2H, m), 5.29–5.34 (1H, m), 5.43–5.49 (1H, m),
6.07–6.17 (1H, m), 6.87 (1H, dd, J = 2.4, 8.8Hz), 6.92
(1H, d, J = 2.4Hz), 7.18–7.22 (1H, m), 7.31–7.35 (1H,
m), 7.37 (1H, d, J = 7.6Hz), 7.92–7.94 (2H, m), 7.97
(1H, d, J = 7.2Hz); EI-MS m/z 223 [M]+.

2-Allyloxy-9H-carbazole (48.4g, 217mmol) was heated
at 200 �C for 1h. The crude product was purified by sil-
ica gel column chromatography, using n-hexane/ethyl
acetate (4:1 by volume) as the eluant, to yield a brown
solid (44.0g). The resulting solid in n-hexane/chloroform
(80mL, 75:25 by volume) was heated to reflux for 0.5h.
After cooling, the precipitate was filtered and dried in
vacuo to yield the title compound as a colorless solid
(34.4g, 71%): 1H NMR (400MHz, DMSO-d6) d 3.60
(2H, d, J = 6.0Hz), 4.95 (1H, dd, J = 2.0, 10.0Hz),
5.09 (1H, dd, J = 2.0, 17.2Hz), 5.97–6.06 (1H, m), 6.73
(1H, d, J = 8.8Hz), 7.04–7.08 (1H, m), 7.22–7.29 (1H,
m), 7.40 (1H, d, J = 8.0Hz), 7.72 (1H, d, J = 8.8Hz),
7.90 (1H, d, J = 7.2Hz), 9.26 (1H, s), 10.82 (1H, s);
EI-MS m/z 223 [M]+.

5.1.2. 1-Allyl-2-[3-(isopropylamino)propoxy]-9H-carbaz-
ole (11). A mixture of 1-allyl-2-hydroxy-9H-carbazole
(7) (20.1g, 90.0mmol), 1,3-dibromopropane (54.5g,
270mmol), potassium carbonate (18.6g, 135mmol),
and N,N-dimethylformamide (90mL) was stirred at
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ambient temperature for 23h. The reaction mixture was
poured into H2O (350mL) and extracted with ethyl ace-
tate (100mL). The organic layer was washed with H2O
and then brine, dried with magnesium sulfate, and
concentrated in vacuo. The residue was subjected to
chromatography over silica gel eluting with n-hexane/
ethyl acetate (90:10 by volume) to yield 1-allyl-2-(3-
bromopropoxy)-9H-carbazole as a colorless solid
(15.9g, 51%): 1H NMR (400MHz, CDCl3) d 2.33–2.39
(2H, m), 3.65 (2H, t, J = 6.4Hz), 3.69–3.72 (2H, m),
4.21 (2H, t, J = 5.6Hz), 5.11–5.18 (2H, m), 6.00–6.10
(1H, m), 6.88 (1H, d, J = 8.4Hz), 7.17–7.21 (1H, m),
7.31–7.35 (1H, m), 7.38 (1H, d, J = 7.6Hz), 7.87 (1H,
d, J = 8.4Hz), 7.95–7.98 (2H, m); EI-MS m/z 343, 345
[M]+.

A mixture of 1-allyl-2-(3-bromopropoxy)-9H-carbazole
(5.68g, 16.5mmol), isopropylamine (3.3mL), and iso-
propanol (33mL) was heated under reflux for 15h.
The reaction mixture was concentrated in vacuo. The
residue was diluted with chloroform (50mL) and the or-
ganic layer was washed with 10% aqueous potassium
carbonate. The organic layer was dried with magnesium
sulfate, and concentrated in vacuo. The residue was sub-
jected to chromatography over silica gel and eluted with
chloroform/methanol/c. ammonium hydroxide
(100:3:0.3 by volume). The resulting solid was crystal-
lized from diisopropyl ether to yield the title compound
as a colorless solid (1.54g, 29%): mp 100–101 �C; 1H
NMR (400MHz, DMSO-d6) d 0.97 (6H, d,
J = 6.0Hz), 1.84–1.90 (2H, m), 2.68–2.72 (3H, m), 3.33
(1H, br s), 3.63 (2H, d, J = 6.4Hz), 4.11 (2H, t,
J = 6.4Hz), 4.95 (1H, dd, J = 2.4, 10.0Hz), 5.08 (1H,
dd, J = 2.4, 16.8Hz), 5.95–6.05 (1H, m), 6.89 (1H, d,
J = 8.4Hz), 7.07–7.11 (1H, m), 7.27–7.31 (1H, m), 7.43
(1H, d, J = 8.4Hz), 7.88 (1H, d, J = 8.4Hz), 7.97 (1H,
d, J = 7.6Hz), 10.93 (1H, s); FAB-MS m/z 323
[M+H]+; Anal. Calcd for C21H26N2O: C, 78.22; H,
8.13; N, 8.69. Found: C, 78.47; H, 8.29; N, 8.62.

5.1.3. 2-[3-(Isopropylamino)propoxy]-9H-carbazole (10).
The title compound was obtained from 2-hydroxy-9H-
carbazole (4) using the methods described for the syn-
thesis of compound 11 as a colorless solid (29%): mp
170–171 �C; 1H NMR (400MHz, DMSO-d6) d 0.98
(6H, d, J = 6.4Hz), 1.66 (1H, br s), 1.84–1.91 (2H, m),
2.66–2.75 (3H, m), 4.10 (2H, t, J = 6.0Hz), 6.75 (1H,
dd, J = 2.0, 8.4Hz), 6.95 (1H, d, J = 2.0Hz), 7.08–7.12
(1H, m), 7.25–7.29 (1H, m), 7.40 (1H, d, J = 8.0Hz),
7.94 (1H, d, J = 8.4Hz), 7.97 (1H, d, J = 7.6Hz), 11.06
(1H, br s); FAB-MS m/z 283 [M+H]+; Anal. Calcd for
C18H22N2O: C, 76.56; H, 7.85; N, 9.92. Found: C,
76.52; H, 7.65; N, 9.90.

5.1.4. 1,3-Diallyl-2-hydroxy-9H-carbazole (9). The title
compound was obtained from 1-allyl-2-hydroxy-9H-carb-
ole (7) using the methods described for the synthesis of
compound 7 as a brown solid (83%): 1H NMR
(400MHz, CDCl3) d 3.58 (2H, d, J = 6.4Hz), 3.69–
3.71 (2H, m) 5.15–5.27 (5H, m), 6.03–6.16 (2H, m),
7.16–7.20 (1H, m), 7.29–7.33 (1H, m), 7.37 (1H, d,
J = 8.0Hz), 7.69 (1H, s), 7.92 (1H, br s), 7.94 (1H, d,
J = 8.0Hz); FAB-MS m/z 263 [M]+.
5.1.5. 1,3-Diallyl-2-[3-(isopropylamino)propoxy]-9H-carb-
azole (12). The title compound was obtained from 1,3-
diallyl-2-hydroxy-9H-carbazole (9) using the methods
described for the synthesis of compound 11 as a yellow
solid (52%): mp 65–66 �C; 1H NMR (400MHz, CDCl3)
d 1.12 (6H, d, J = 6.4Hz), 2.01–2.07 (2H, m), 2.84–2.92
(3H, m), 3.57 (2H, d, J = 6.0Hz), 3.74–3.77 (2H, m),
3.90 (2H, t, J = 6.0Hz), 5.09–5.22 (4H, m), 6.05–6.15
(2H, m), 7.16–7.20 (1H, m), 7.32–7.36 (1H, m), 7.39
(1H, d, J = 7.6Hz), 7.76 (1H, s), 7.97–8.01 (2H, m);
FAB-MS m/z 363 [M+H]+; Anal. Calcd for
C24H30N2OÆH2O: C, 79.12; H, 8.35; N, 7.69. Found:
C, 79.06; H, 8.27; N, 7.70.

5.1.6. 1-Allyl-2-hydroxydibenzofuran (5). The title com-
pound was obtained from 2-hydroxydibenzofuran (2)
using the methods described for the synthesis of com-
pound 7 as a beige solid (80%): 1H NMR (400MHz,
CDCl3) d 3.92–3.95 (2H, m), 4.81 (1H, s), 5.10–5.16
(2H, m), 6.10–6.20 (1H, m), 6.96 (1H, d, J = 8.8Hz),
7.29–7.35 (2H, m), 7.41–7.45 (1H, m), 7.54 (1H, d,
J = 8.4Hz), 7.97 (1H, d, J = 7.6Hz); EI-MS m/z 224
[M]+.

5.1.7. 1-Allyl-2-[3-(isopropylamino)propoxy]dibenzofuran
hydrochloride (13). In a procedure similar to that de-
scribed above, 1-allyl-2-(3-bromopropoxy)dibenzofuran
was prepared from 1-allyl-2-hydroxydibenzofuran (5)
as a yellow solid (89%): 1H NMR (400MHz, CDCl3) d
2.33–2.39 (2H, m), 3.66 (2H, t, J = 6.4Hz), 3.90–3.94
(2H, m), 4.16 (2H, t, J = 6.0Hz), 4.99–5.06 (2H, m),
6.05–6.15 (1H, m), 7.05 (1H, d, J = 9.2Hz), 7.27–7.33
(1H, m), 7.38 (1H, d, J = 9.2Hz), 7.41–7.45 (1H, m),
7.54 (1H, d, J = 8.0Hz), 7.98 (1H, d, J = 7.6Hz);
FAB-MS m/z 344, 346 [M]+.

A mixture of 1-allyl-2-(3-bromopropoxy)dibenzofuran
(2.42g, 7.01mmol), isopropylamine (6.0mL), isopropa-
nol (7.0mL), and tetrahydrofuran (2.0mL) was heated
under reflux for 3h. The reaction mixture was concen-
trated in vacuo. The residue was subjected to chroma-
tography over silica gel eluting with chloroform/
methanol/c. ammonium hydroxide (90:1:0.1 by volume).
The resulting material was dissolved in chloroform. The
organic layer was washed with 25% aqueous potassium
carbonate, dried with magnesium sulfate, and concen-
trated in vacuo to yield a yellow oil (1.40g). The result-
ing oil (1.40g) was dissolved in diethyl ether (10mL). To
the mixture was added hydrogen chloride in ethyl ace-
tate (4M, 1.2mL) at ambient temperature and the mix-
ture was stirred for 15min. The resulting precipitate was
filtered to yield the title compound as a colorless solid
(1.37g, 55%): mp 165–167 �C; 1H NMR (400MHz,
DMSO-d6) d 1.28 (6H, d, J = 6.8Hz), 2.14–2.22 (2H,
m), 3.08 (2H, t, J = 8.0Hz), 3.26–3.36 (1H, m), 3.90
(2H, d, J = 6.0Hz), 4.16 (2H, t, J = 6.0Hz), 4.99–5.05
(2H, m), 6.02–6.12 (1H, m), 7.24 (1H, d, J = 8.8Hz),
7.36–7.40 (1H, m), 7.50–7.54 (1H, m), 7.55 (1H, d,
J = 8.8Hz), 7.67 (1H, d, J = 8.0Hz), 8.07 (1H, d,
J = 8.0Hz), 9.04 (2H, br s); FAB-MS m/z 324
[M+H]+; Anal. Calcd for C21H25NO2ÆHClÆ0.2H2O: C,
69.39; H, 7.32; N, 3.85; Cl, 9.75. Found: C, 69.48; H,
7.36; N, 3.83; Cl, 9.68.
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5.1.8. 1-Allyl-2-hydroxy-9H-xanthen-9-one (6). The title
compound was obtained from 2-hydroxy-9H-xanthen-
9-one (3) using the methods described for the synthesis
of compound 7 as a colorless solid (51%): 1H NMR
(400MHz, CDCl3) d 4.33–4.36 (2H, m), 5.10–5.13 (1H,
m), 5.15–5.16 (1H, m), 5.28 (1H, s), 6.12–6.22 (1H, m),
7.29 (1H, d, J = 9.2Hz), 7.31–7.36 (2H, m), 7.43 (1H,
d, J = 8.0Hz), 7.66–7.70 (1H, m), 8.28 (1H, dd,
J = 2.0, 8.0Hz); FAB-MS m/z 253 [M+H]+.

5.1.9. 1-Allyl-2-[3-(isopropylamino)propoxy]-9H-xanthen-
9-one (14). The title compound was obtained from 1-
allyl-2-hydroxy-9H-xanthen-9-one (6) using the meth-
ods described for the synthesis of compound 11 as a
yellow solid (51%): mp 82–83 �C; 1H NMR (400MHz,
CDCl3) d 1.10 (6H, d, J = 6.4Hz), 2.01–2.07 (2H, m),
2.83–2.89 (3H, m), 4.10 (2H, t, J = 6.0Hz), 4.24–4.27
(2H, m), 4.94–5.05 (2H, m), 6.08–6.18 (1H, m), 7.30–
7.41 (4H, m), 7.64–7.68 (1H, m), 8.28 (1H, dd, J = 1.6,
8.0Hz); FAB-MS m/z 352 [M+H]+; Anal. Calcd for
C22H25NO3Æ0.3H2O: C, 74.42; H, 7.21; N, 3.95. Found:
C, 74.47; H, 7.22; N, 4.02.

5.1.10. 9-Acetyl-1-allyl-2-hydroxy-9H-carbazole (8). To
a stirred mixture of 2-allyloxy-9H-carbazole (3.35g,
15.1mmol) and tetrahydrofuran (30mL) was added so-
dium hydride (664mg, 16.6mmol, 60% dispersion in
mineral oil) at ambient temperature and the mixture
was stirred for 1h. To the mixture was added acetic
anhydride (10mL) at ambient temperature and the mix-
ture was stirred at 50 �C for 70h. After the addition of
H2O (6.0mL) at ambient temperature, the reaction mix-
ture was extracted with ethyl acetate. The extract was
washed with brine, dried over magnesium sulfate, and
then concentrated in vacuo. The residue was subjected
to chromatography over silica gel eluting with n-hex-
ane/ethyl acetate (91:9 by volume) to yield 9-acetyl-2-
allyloxy-9H-carbazole as a colorless solid (2.29g, 57%):
1H NMR (400MHz, DMSO-d6) 2.87 (3H, s), 4.68–
4.70 (2H, m), 5.29–5.34 (1H, m), 5.44–5.50 (1H, m),
6.06–6.16 (1H, m), 7.07 (1H, dd, J = 2.4, 8.4Hz), 7.36–
7.45 (2H, m), 7.85 (1H, d, J = 2.4Hz), 8.05–8.09
(2H, m), 8.17 (1H, d, J = 8.0Hz); FAB-MS m/z 266
[M+H]+.

9-Acetyl-2-allyloxy-9H-carbazole (2.26g, 8.52mmol)
was heated at 200 �C for 4h. The crude product was
purified by silica gel column chromatography eluting
with n-hexane/ethyl acetate (89:11 by volume) to yield
the title compound as a beige solid (1.13g, 50%): 1H
NMR (400MHz, DMSO-d6) d 2.70 (3H, s), 3.60 (2H,
d, J = 6.4Hz), 4.86–4.92 (1H, m), 4.93–4.97 (1H, m),
5.69–5.79 (1H, m), 6.99 (1H, d, J = 8.4Hz), 7.29–7.38
(2H, m), 7.83 (1H, d, J = 8.4Hz), 7.84 (1H, d,
J = 8.0Hz), 7.96–7.99 (1H, m), 9.79 (1H, s); FAB-MS
m/z 266 [M+H]+.

5.1.11. 9-Acetyl-1-allyl-2-[3-(isopropylamino)propoxy]-9H-
carbazole hydrochloride (15). The title compound was
obtained from 9-acetyl-1-allyl-2-hydroxy-9H-carbazole
(8) using the methods described for the synthesis of com-
pound 13 as a colorless solid (55%): mp 148–150 �C; 1H
NMR (400MHz, DMSO-d6) d 1.27 (6H, d, J = 6.4Hz),
2.14–2.22 (2H, m), 2.73 (3H, s), 3.05–3.13 (2H, m), 3.27–
3.36 (1H, m), 3.63 (2H, d, J = 6.0Hz), 4.20 (2H, t,
J = 6.0Hz), 4.91–5.00 (2H, m), 5.73–5.83 (1H, m), 7.18
(1H, d, J = 8.4Hz), 7.33–7.43 (2H, m), 7.88 (1H, d,
J = 8.0Hz), 8.02 (1H, d, J = 8.4Hz), 8.07 (1H, d,
J = 7.6Hz), 8.95 (2H, br s); FAB-MS m/z 365
[M+H]+; Anal. Calcd for C23H28N2O2ÆHCl: C, 68.90;
H, 7.29; N, 6.99; Cl, 8.84. Found: C, 68.50; H, 7.29;
N, 6.82; Cl, 8.62.

5.1.12. 1-Allyl-2-[3-(isobutylamino)propoxy]-9H-carbaz-
ole (16). Methods similar to those described for the syn-
thesis of compound 11, but using isobutylamine, yielded
the title compound as a yellow solid (85%): mp 106–
107 �C; 1H NMR (400MHz, CDCl3) d 0.92 (6H, d,
J = 6.4Hz), 1.71–1.81 (1H, m), 1.99–2.06 (2H, m), 2.46
(2H, d, J = 6.8Hz), 2.84 (2H, t, J = 6.8Hz), 3.71 (2H,
d, J = 6.0Hz), 4.15 (2H, t, J = 6.4Hz), 5.10–5.19 (2H,
m), 6.00–6.10 (1H, m), 6.88 (1H, d, J = 8.4Hz), 7.16–
7.20 (1H, m), 7.31–7.34 (1H, m), 7.38 (1H, d,
J = 8.0Hz), 7.86 (1H, d, J = 8.4Hz), 7.95–7.99 (2H,
m); FAB-MS m/z 336 [M+H]+; Anal. Calcd for
C22H28N2O: C, 78.53; H, 8.39; N, 8.33. Found: C,
78.19; H, 8.45; N, 8.32.

5.1.13. 1-Allyl-2-[3-(benzylamino)propoxy]-9H-carbazole
hydrochloride (17). Methods similar to those described
for the synthesis of compound 13, but using 1-allyl-2-
hydroxy-9H-carbazole (7) and benzylamine, yielded
the title compound as a colorless solid (50%): mp 190–
192 �C; 1H NMR (400MHz, DMSO-d6) d 2.16–2.23
(2H, m), 3.07–3.14 (2H, m), 3.60 (2H, d, J = 6.0Hz),
4.15 (2H, t, J = 6.0Hz), 4.17–4.21 (2H, m), 4.90–4.94
(1H, m), 5.03–5.09 (1H, m), 5.88–5.96 (1H, m), 6.89
(1H, d, J = 8.8Hz), 7.08–7.12 (1H, m), 7.28–7.31 (1H,
m), 7.40–7.47 (4H, m), 7.57–7.60 (2H, m), 7.90 (1H, d,
J = 8.8Hz), 7.99 (1H, d, J = 8.0Hz), 9.40 (2H, br s),
11.01 (1H, s); FAB-MS m/z 371 [M+H]+; Anal.
Calcd for C25H26N2OÆHCl: C, 73.79; H, 6.99; N,
6.88; Cl, 8.71. Found: C, 73.74; H, 6.77; N, 6.79; Cl,
8.67.

5.1.14. 1-Allyl-2-[3-(cyclopropylamino)propoxy]-9H-carb-
azole (18). Methods similar to those described for the
synthesis of compound 11, but using cyclopropylamine,
yielded the title compound as a yellow solid (86%): mp
104–105 �C; 1H NMR (400MHz, CDCl3) d 0.32–0.36
(2H, m), 0.42–0.46 (2H, m), 1.98–2.05 (2H, m), 2.13–
2.18 (1H, m), 2.94 (2H, t, J = 6.8Hz), 3.71 (2H,
d, J = 6.4Hz), 4.13 (2H, t, J = 6.0Hz), 5.03–5.08
(1H, m), 5.10–5.16 (1H, m), 6.01–6.11 (1H, m), 6.86
(1H, d, J = 8.4Hz), 7.14–7.17 (1H, m), 7.29–7.33 (1H,
m), 7.41 (1H, d, J = 8.0Hz), 7.84 (1H, d, J = 8.4Hz),
7.94 (1H, d, J = 7.2Hz), 9.03 (1H, br s); FAB-MS m/z
321 [M+H]+; Anal. Calcd for C21H24N2O: C,
78.72; H, 7.55; N, 8.74. Found: C, 78.55; H, 7.63; N,
8.71.

5.1.15. 1-Allyl-2-[3-(cyclohexylamino)propoxy]-9H-carb-
azole (19). Methods similar to those described for the
synthesis of compound 11, but using cyclohexylamine,
yielded the title compound as a yellow solid (86%): mp
105–106 �C; 1H NMR (400MHz, CDCl3) d 1.03–1.32
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(5H, m), 1.58–1.65 (1H, m), 1.70–1.77 (2H, m), 1.87–
1.94 (2H, m), 1.98–2.04 (2H, m), 2.42–2.49 (1H, m),
2.88 (2H, t J = 6.8Hz), 3.72 (2H, d, J = 5.6Hz), 4.14
(2H, t, J = 5.6Hz), 5.10–5.20 (2H, m), 6.00–6.10 (1H,
m), 6.88 (1H, d, J = 8.4Hz), 7.16–7.20 (1H, m), 7.31–
7.35 (1H, m), 7.38 (1H, d, J = 8.0Hz), 7.86 (1H, d,
J = 8.4Hz), 7.95–7.99 (2H, m); FAB-MS m/z 363
[M+H]+; Anal. Calcd for C24H30N2O: C, 79.52; H,
8.34; N, 7.73. Found: C, 79.68; H, 8.56; N, 7.74.

5.1.16. 1-Allyl-2-(3-anilinopropoxy)-9H-carbazole (20).
A mixture of 1-allyl-2-(3-bromopropoxy)-9H-carbazole
(1.38g, 4.01mmol), 2,2,2-trifluoro-N-phenylacetamide
(908mg, 4.80mmol), potassium carbonate (1.11g,
8.02mmol), and N,N-dimethylformamide (6.0mL) was
stirred at 70 �C for 20h. The reaction mixture was
poured into H2O (100mL) and extracted with ethyl ace-
tate (100mL). The organic layer was washed with H2O
and then brine, dried with magnesium sulfate, and con-
centrated in vacuo to yield a colorless solid (2.17g). The
resulting solid (2.16g) was dissolved in EtOH (30mL).
To this solution was added aqueous sodium hydroxide
(3N, 6.0mL) at ambient temperature. The mixture was
stirred for 18h, and then concentrated in vacuo. The
residue was diluted with ethyl acetate (100mL). The
organic layer was washed with H2O then brine, dried
with magnesium sulfate, and concentrated in vacuo.
The residue was subjected to chromatography over
silica gel eluting with n-hexane/ethyl acetate (90:10 by
volume) to yield the title compound as a colorless solid
(915mg, 64%): mp 114–115 �C; 1H NMR (400MHz,
CDCl3) d 2.12–2.19 (2H, m), 3.04 (2H, d, J = 6.8Hz),
3.73–3.76 (2H, m), 3.89 (1H, br s), 4.21 (2H, t,
J = 6.0Hz), 5.12–5.20 (2H, m), 6.03–6.13 (1H, m),
6.63–6.66 (2H, m), 6.68–6.72 (1H, m), 6.88 (1H, d,
J = 8.4Hz), 7.15–7.21 (3H, m), 7.32–7.36 (1H, m), 7.39
(1H, d, J = 8.0Hz), 7.87 (1H, d, J = 8.4Hz), 7.95–7.98
(2H, m); FAB-MS m/z 357 [M+H]+; Anal. Calcd for
C24H24N2O: C, 80.87; H, 6.79; N, 7.86. Found: C,
80.91; H, 6.85; N, 7.80.

5.1.17. 2-[3-(Isopropylamino)propoxy]-1-propyl-9H-carb-
azole (21). To a solution of 1-allyl-2-[3-(isopropyl-
amino)propoxy]-9H-carbazole (11) (3.20g, 9.92mmol)
in ethanol (40mL) was added palladium on carbon
(10wt%, 500mg), and the mixture was stirred under
an atmosphere of hydrogen at ambient temperature
for 5h. The reaction mixture was filtered through a
pad of Celite and concentrated in vacuo. The residue
was subjected to chromatography over silica gel, eluted
with chloroform/methanol/c. ammonium hydroxide
(90:10:1 by volume). The resulting solid was crystallized
from n-hexane to yield the title compound as a yellow
solid (3.08g, 96%): mp 106–107 �C; 1H NMR
(400MHz, CDCl3) d 1.02 (3H, t, J = 7.2Hz), 1.09 (6H,
d, J = 6.0Hz), 1.67–1.76 (2H, m), 1.99–2.08 (2H, m),
2.80–2.90 (5H, m), 4.14 (2H, t, J = 6.0Hz), 6.86 (1H,
d, J = 8.8Hz), 7.16–7.20 (1H, m), 7.31–7.35 (1H, m),
7.40 (1H, d, J = 7.2Hz), 7.82 (1H, d, J = 8.8Hz), 7.86
(1H, br s), 7.96 (1H, d, J = 8.0Hz); FAB-MS m/z
325 [M+H]+; Anal. Calcd for C21H28N2O: C,
77.74; H, 8.70; N, 8.63. Found: C, 77.83; H, 8.92; N,
8.59.
5.2. Preparation of microsomes from rat liver and HepG2
cells

Microsomes were prepared from the livers of rats and
from HepG2 cells, a human hepatoma cell line described
previously.21 The tissues or harvested cells were homog-
enized in HEPES buffer (50mM) using a glass homoge-
nizer. Homogenates were centrifuged at 500g for 5min
at 4 �C, and the resulting supernatants were further cen-
trifuged at 8000g for 15min at 4 �C. Microsomes were
then isolated from this second supernatant by ultra-cen-
trifugation at 100,000g for 60min at 4 �C. The microsome
precipitates were suspended in HEPES buffer (1–
5mg/mL). Protein was assayed by the Lowry method.22

5.3. Assay of squalene synthase inhibitory activity

The squalene synthase activities of these microsomes
were assayed using the Amin technique with a modifica-
tion. The test compounds were dissolved in DMSO and
the assay was carried out in HEPES buffer (50mM,
pH7.5) containing: NaF (11mM), MgCl2 (5.5mM),
dithiothreitol (3mM), NADPH (1mM), farnesyl diphos-
phate (5lM), [3H]farnesyl diphosphate (0.017lM,
15Ci/mmol), NB-598 (10lM), and sodium pyrophos-
phate decahydrate (1mM). After pre-incubation of these
components at 30 �C for 5min, the reaction was initiated
by the addition of microsomes (10lg protein). The reac-
tion was carried out at 30 �C for 20min and then termi-
nated by the addition of 40% KOH–ethanol solution
(100lL, 1:1 by volume). Synthesized [3H]-squalene was
extracted in petroleum ether after saponification at
60 �C for 30min and counted in Aquasol-2 using a
Beckman liquid scintillation counter.

5.4. Plasma lipid-lowering effect in rats

Five-week-old male SD rats, which were purchased from
SLC (Shizuoka, Japan), were fed CE-2 diet (CLEA
Japan, Inc., Tokyo, Japan) and water ad libitum. Rats
received test compounds orally at doses of 50mg/kg of
body weight two times a day for 4days. The test com-
pounds were suspended in a 0.5% methylcellulose vehi-
cle solution. The no-treatment control groups were
administered equal volumes of the 0.5% methylcellulose
vehicle solution. In all experiments, blood specimens
were obtained from the animals 24h after the last dose.
All plasma samples were analyzed for total cholesterol
and triglycerides using a Hitachi 7250 Automatic Ana-
lyzer (Tokyo, Japan).

5.5. Acute toxic study in rats

Five-week-old male F344 rats (from SLC, Shizuoka,
Japan) were fed CE-2 diet (CLEA Japan, Inc., Tokyo,
Japan) and water ad libitum. Rats were given test com-
pounds orally at a dose of 250mg/kg of body weight
once a day for 3days. The test compound was sus-
pended in a 0.5% methylcellulose vehicle solution. The
no-treatment control group was given an equal volume
of the 0.5% methylcellulose vehicle solution. In all
experiments, blood specimens were obtained from the
animals 24h after the last dose. All plasma samples were
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analyzed for aspartate aminotransferase using a Hitachi
7250 Automatic Analyzer (Tokyo, Japan).
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