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Replacement of the dimethoxyphenyl moiety in the core skeleton of almorexant by appropriately substi-
tuted imidazoles afforded novel 1-chloro-5,6,7,8-tetrahydroimidazo[1,5-a]pyrazine derivatives as potent
dual orexin receptor antagonists. We describe in this Letter our efforts to further optimize the potency
and brain penetration of these derivatives by fine-tuning of the pivotal phenethyl motif, and we comment
on the sleep-promoting activity of selected compounds in a rat electroencephalographic (EEG) model.

© 2013 Elsevier Ltd. All rights reserved.

The neuropeptides orexin-A and B (or hypocretin-1 and 2) are
produced by a small population of neurons in the lateral
hypothalamus. Both peptides are endogenous ligands for two G-
protein-coupled receptors (GPCRs) known as orexin-1 (OX;R) and
orexin-2 (OX,R) receptors.!? Since the discovery of the orexin
neuropeptides in 1998, numerous studies have highlighted their
implication in the regulation of major biological functions includ-
ing feeding® and the sleep-wake cycle.>* We have disclosed that
almorexant (ACT-078573), an orally-administered dual orexin
receptor antagonist (DORA),> promoted robust sleep responses
without evidence of cataplexy in rats, dogs, and humans.® In the
meantime, additional clinical proof-of-concept studies have sub-
stantiated the finding that orexin receptor antagonists promote
sleep and therefore offer potential as a novel therapy for the treat-
ment of primary insomnia.” Since the discontinuation in 2011 of
the clinical development of almorexant, there is a need for new
molecules devoid of adverse effects. In search of non-peptide,
low molecular weight orexin receptor antagonists, we investigated
the heterocyclic replacement of the dimethoxyphenyl unit in
almorexant.® Thus, we reported that the replacement of this
moiety by a substituted pyrazole afforded the corresponding
pyrazolo-tetrahydropyridines as potent DORAs.® Our laboratory
also described that replacement of the dimethoxyphenyl unit by
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appropriately substituted imidazoles led to 1-chloro-5,6,7,8-tetra-
hydroimidazo[1,5-a]pyrazines as a novel series of DORAs.'® We
now describe in this Letter (i) our efforts to further optimize the
potency and brain penetration of these derivatives by fine-tuning
of the substituted phenyl moiety (Fig. 1), and (ii) the sleep-promot-
ing activity of selected compounds in a rat electroencephalo-
graphic (EEG) model.

Initial structure-activity relationship (SAR) studies in the
5,6,7,8-tetrahydroimidazo[1,5-a]pyrazine series allowed to iden-
tify appropriate substituents for the imidazole moiety in order to
obtain DORAs. Thus, these preliminary investigations have empha-
sized that a chloro substituent was required for carbon C1, and that
ethyl or cyclopropyl represented the two preferred substituents for
carbon C3 (Fig. 1).° However, oral administration to male Wistar
rats of these two novel DORAs, as direct analogues of almorexant
containing the p-CFs;-phenethyl, afforded five to sixfold lower brain
concentrations than with almorexant.!® Therefore, in a next step,
we envisaged to evaluate the influence of the substituted phenyl
moiety on brain penetration with the goal to improve brain
exposure for these novel 1-chloro-5,6,7,8-tetrahydroimidazo[1,5-
a]pyrazines.!! In order to reach this goal, diversely substituted 1-
chloro-3-ethyl-5,6,7,8-tetrahydroimidazo[1,5-a]-pyrazines 9 were
synthesized (Scheme 1) starting from the key tri-substituted
imidazole 4 which was efficiently prepared according to our
previously described route of synthesis.!® Thus, diiodination of
commercially available 2-ethyl-1H-imidazole 1 afforded smoothly
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Figure 1. Almorexant and the investigated 1-chloro-5,6,7,8-tetrahydroimidazo[1,5-a]pyrazines as novel DORAs.
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Scheme 1. Preparation of novel 1-chloro-3-ethyl-5,6,7,8-tetrahydroimidazo[1,5-a]-pyrazines 9. Reagents and conditions: (a) I, Na,COs, dioxane, H,0, rt (99%); (b) NaH, DMF,
rt, then Br(CH,),NHBoc, 100 °C (75%); (c) (i) 3 M EtMgBr in Et,0, THF, —40 °C, (ii) H,0 (95%); (d) 4 M HCl in dioxane, CH,Cl,, 0 °C to rt (100%); (e) aldehyde 5, DIPEA, EtOH,
microwave (50 W; 140 °C; 6 bar; 10 min); (f) Boc,0, DIPEA, CH,Cl,, rt (38-87% over two steps); (g) Hx (1 atm), 10% Pd/C (10% in weight), K,CO3, MeOH, rt (72-100%); (h) N-
chlorosuccinimide (1.0 equiv), MeCN, 70 °C (31-85%); (i) n-BuLi, hexachloroethane, THF, —78 °C (28-66%); (j) tosylate 8, DIPEA, 3-methyl-2-butanone, 80 °C (25-60%).

the corresponding 2-ethyl-4,5-diiodo-1H-imidazole 2 that was
converted to the related derivative 3 by N-alkylation. A totally
regioselective iodine/magnesium exchange of the 5-iodo moiety
in 3 led to the desired 4-iodoimidazole 4. After quantitative
Boc-deprotection of 4, the resulting primary amine was allowed
to react in a microwave-assisted Pictet-Spengler reaction'? with
a variety of aldehydes 5 (preparation described in Scheme 2). A
subsequent Boc-protection delivered racemic 5,6,7,8-tetrahydro-
imidazo[1,5-a]pyrazines 6. The iodo-substituent allowed the
straightforward introduction of diverse substituents as illustrated
in our previous communication.'® For the purpose of our planned
investigations, the pivotal chloro substituent was advantageously
incorporated in 7 via hydrogenolytic cleavage of the iodo-substitu-
ent in 6 (Hy, 10% Pd/C, K,CO5, MeOH) followed by regioselective
Cl-chlorination of the imidazole moiety (N-chlorosuccinimide,
MeCN). Alternatively, this chlorination was performed by iodine/
lithium exchange with 6 and subsequent trapping of the
intermediate carbanion with hexachloroethane. Boc-deprotection
of 7 and N-alkylation with the chiral (S)-tosylate 8 delivered a

diastereoisomeric mixture of 1-chloro-3-ethyl-5,6,7,8-tetrahydro-
imidazo[1,5-a]pyrazines 9 that were finally separated into the pure
enantiomers via chromatography.

Substituted aldehydes 5 were required for the investigation of
the phenyl moiety, and several pathways allowed their convenient
preparation (Scheme 2). Thus, Knoevenagel-Doebner condensation
between benzaldehydes 10 and malonic acid gave the correspond-
ing cinnamic acids 11. A subsequent catalytic hydrogenation, un-
der standard conditions (H,, 10% Pd/C, MeOH) or under improved
reaction conditions with chloro-substituted derivatives (H,, 10%
Pd/C, ZnBr,, AcOEt),'® afforded the related hydrocinnamic acids
12. The target aldehydes 13 were then obtained after a reduc-
tion/oxidation sequence. An alternative preparation of the hydro-
cinnamic acids 12 was based on a palladium-catalyzed Heck
reaction (aryl bromides 15, n-butyl acrylate, DABCO, K,COs,
Pd(OAc),, DMF)' that was then followed by a palladium-catalyzed
hydrogenation of 16 and a subsequent saponification. For this last
approach, the required aryl bromides 15 were prepared from the
corresponding anilines 14 via Sandmeyer reaction (tert-butyl ni-
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Scheme 2. Synthetic routes towards substituted aldehydes 13 and 22. Reagents and conditions: (a) malonic acid, pyridine, piperidine, 75 °C (84-96%); (b) standard
conditions: H, (1 atm), 10% Pd/C (10% in weight), MeOH, rt (86-100%); for chloro-substituted aryl derivatives: H, (1 atm), 10% Pd/C (6% in weight), ZnBr, (0.2 equiv), AcOEt, rt

(85-92%); (c) 1 M BH3 in THF, THF, 0 °C to rt (88-99%); (d) pyridinium chlorochromate, CH,Cl,,

0°C to rt (52-93%); (e) CuBry, tert-butyl nitrite, MeCN, 45 °C (70-86%); (f) n-

butyl acrylate, DABCO, K,COs, Pd(OAc),, DMF, 120 °C (53-97%); (g) 1 M NaOH, MeOH, H0, rt (94-100%); (h) CICF,CO,Na, K,CO3, DMF, H,0, 100 °C (74%); (i) methyl
bromoacetate, K,COs, acetone, reflux (98-100%); (j) LiAlH4, THF, 0 °C (93-99%); (k) oxalyl chloride, DMSO, Et3N, CH,Cl,, —78 °C (95-99%).

trite, CuBr,, MeCN).!> Difluoromethoxy-substituted aldehydes 13
were efficiently prepared by heating the bromo-phenols 17 in
presence of sodium chlorodifluoroacetate.!® Finally, substituted
2-phenoxyacetaldehydes 22 were obtained from the related phe-
nols 19 after O-alkylation with methyl bromoacetate, reduction
of the methyl ester, and subsequent oxidation of the resulting
primary alcohol under Swern conditions.!”

The antagonistic activity of the novel 1-chloro-3-ethyl-5,6,7,8-
tetrahydroimidazo[1,5-a]-pyrazines 9 with both orexin receptors
was determined with a cell-based FLIPR assay (fluorometric imag-
ing plate reader) measuring Ca®" flux as a functional determinant
of orexin binding.'® The results of the structure-activity relation-
ship studies of the substituted phenyl derivatives are summarized
in Table 1. Preliminary investigations were devoted towards deriv-
atives containing a mono-substituted phenyl ring. Thus, moving
the electron-withdrawing trifluoromethyl moiety present in almo-
rexant from the para-position (stereoisomer 23) to the meta-posi-
tion (24) induced an almost twofold loss in hOX R potency while
maintaining the affinity for hOX,R. The importance of the linker
between the 1-chloro-3-ethyl-5,6,7,8-tetrahydroimidazo[1,5-
a]pyrazine and the trifluoromethylphenyl ring was as well investi-
gated. Thus, the CH,O0 linker led to a substantial loss of affinity for
hOX;R as illustrated with the potent selective orexin 2 receptor
antagonists 25 and 26. Additional electron-withdrawing substitu-
ents were evaluated for comparison with trifluoromethyl. A para-
cyano group (stereoisomer 27) resulted in strongly decreased
activity for the hOX;R (100-fold loss in potency) while high
potency at hOX;R was maintained. Compared to para-trifluoro-
methyl, a para-difluoromethoxy moiety resulted in an almost
twofold loss in hOX;R potency while allowing a ninefold increase
in potency for hOX;R (28). The electron-withdrawing para-triflu-
oromethoxy residue as well resulted in a significant loss of activity
towards the hOX;R as shown with the preferential orexin 2
receptor antagonist 29. After this initial exploration of derivatives

containing mono-substituted phenyl rings, the influence of poly-
substitution was scrutinized. The addition of a meta-fluorine atom
on the para-trifluoromethylphenyl was beneficial, with a twofold
increase in hOX;R potency, and afforded derivative 30 which is
one of the most potent DORA identified in this series. The influence
of the stereochemistry was investigated with the potent (S;R) ste-
reoisomer 30 in comparison to the corresponding (R;R) isomer 31,
which was significantly less potent against both orexin receptors
(30- and 32-fold decrease, respectively, in hOX;R and hOX3;R po-
tency with 31). For potent affinities with the orexin receptors, it
is mandatory that the compounds possess the (R)-configuration
at the phenylglycine moiety (see structure associated to Table 1).
Thus, the two additional stereoisomers corresponding to 30 and
31, and that contain the (S)-configured phenylglycine moiety, were
essentially inactive (ICso >1 uM with both orexin receptors). Com-
pared to meta-fluorine in 30, a meta-chloro substituent on the
para-trifluoromethylphenyl (derivative 32) was equally beneficial
for the hOX;R potency but chlorine generated an almost threefold
drop in hOX3R affinity. The association of an ortho-fluorine atom
and a para-trifluoromethyl group did not alter the interactions
with the orexin receptors as shown with the equipotent DORAs
23 and 33. Difluorination of the para-trifluoromethylphenyl was
well tolerated (stereoisomers 34-36) as shown with compound
36. A trifluorinated phenethyl moiety (stereoisomer 37) allowed
potent interactions with both orexin receptors, and the trifluoro-
methyl group is therefore not a mandatory structural feature for
obtaining potent DORAs. In a next step, additional substitution of
the meta-trifluoromethylphenyl was further investigated. Thus,
the addition of a para-fluorine atom resulted in lower potency
for the hOX;R as shown for the selective orexin 2 receptor antago-
nist 38. On the other hand, the insertion of an ortho-fluorine atom
on the meta-trifluoromethylphenyl proved to be beneficial as
shown with the significant increase in hOX;R potency for DORA
39 as compared to compound 38.
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SAR studies of 1-chloro-3-ethyl-5,6,7,8-tetrahydroimidazo[1,5-a]pyrazines: influence of the substituted phenyl on potency
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N
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X
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Ph
R2
R3
R*
Compound X Stereochemistry R? R3 R* R® hOX;R? hOX,R?
Almorexant 13 8
23 CH, (S:R) H H CF, H 40 9
24 CH, (S:R) H CFs H H 72 10
25 (0} (R;R) H H CFs H 431 9
26 [0} (R;R) H CF5 H H 312 4
27 CH, (S:R) H H CN H 3902 16
28 CH, (S:R) H H OCHF, H 74 1
29 CH, (S;R) H H OCF; H 203 18
30 CH, (S:R) H F CFs H 18 7
31 CH, (R:R) H F CF, H 547 227
32 CH, (S:R) H Cl CFs H 20 18
33 CH, (S:R) F H CFs H 45 12
34 CH, (S:R) F F CF3 H 17 14
35 CH, (S:R) F H CF3 F 32 17
36 CH, (S;R) H F CFs F 16 8
37 CH, (S:R) F F F H 30 5
38 CH, (S:R) H CF3 F H 378 16
39 CH, (S;R) F CF5 H H 16 9

2 1Csp values in nM (FLIPR assay).

We also planned to evaluate the influence on brain penetration
of a cyclopropyl substituent on carbon C3 of the 5,6,7,8-tetrahy-
droimidazo[1,5-a]pyrazines. A set of 1-chloro-3-cyclopropyl-
5,6,7,8-tetrahydroimidazo[1,5-a]-pyrazines was prepared accord-
ing to the previously described synthetic route (Scheme 1) but
starting from 2-cyclopropyl-4,5-diiodo-1H-imidazole 43. The tri-
substituted imidazole 43 was obtained via a copper(I)-induced
addition of 2,2-dimethoxyethanamine 41 to cyclopropanecarbonit-
rile 40, and subsequent cyclisation of the resulting amidine 42
under acidic conditions followed by diiodination (Scheme 3).'°

The antagonistic activities of the cyclopropyl-substituted deriv-
atives are collected in Table 2. Shifting the electron-withdrawing
trifluoromethyl moiety from the para-position (DORA 44) to the
meta-position (45) induced an almost 3-fold loss in hOX;R potency
while not affecting the potency at hOX;R. In contrast to the ethyl-
substituted analogue 30, the addition of a meta-fluorine atom on
the para-trifluoromethylphenyl unit resulted in an almost twofold
drop in hOX;R potency (stereoisomer 46). The insertion of an
ortho-fluorine atom (derivative 47) negatively affected the interac-
tions with both orexin receptors. Replacement of the para-trifluo-
romethyl in 46 by a para-difluoromethoxy moiety resulted in an
almost threefold decrease in hOX;R potency, and a fivefold in-
crease in potency at hOX;R as shown with the potent selective
orexin 2 receptor antagonist 48. A general trend after evaluation

NH
0\ (o) b,c,d
>on + HNTOYTS e OO | et
0 H HN” SN

40 41

of this set of compounds is that the cyclopropyl-containing deriv-
atives are less potent towards hOX;R than the corresponding ethyl-
substituted analogues while the hOX,R potency remained fairly
similar for both series.

The potential for blood-brain barrier penetration of 10 leading
DORAs of the 1-chloro-5,6,7,8-tetrahydroimidazo[1,5-a]pyrazine
series was evaluated, and concentrations of the dual orexin recep-
tor antagonists in brain and plasma sampled 3 h following oral
administration (100 mg/kg, po) to male Wistar rats were measured
(Table 3). For this study, reference compounds for comparison of
brain exposure are 23 and 44, two direct analogues of almorexant
containing the para-CFs-phenethyl moiety, which exhibited five to
sixfold lower brain concentrations than almorexant.'® It was par-
ticularly noteworthy to observe that the potent DORA 30, carrying
an additional meta-fluorine atom on the para-trifluoromethyl-
phenyl unit, afforded a fourfold increase in brain concentration
(1222 nM) as compared to 23. The corresponding brain to plasma
ratio ([B]/[P] = 0.12) was also twofold improved. A similar increase
in CNS penetration due to the presence of a meta-fluorine atom
could not be observed for the related cyclopropyl-substituted
derivative 46, presenting a fairly comparable brain concentration
and brain to plasma ratio as parent compound 44. Replacement
of the meta-fluorine atom in 30 by a meta-chloro substituent led
to a 10-fold decrease in brain concentration for compound 32

o
2

Scheme 3. Synthesis of 2-cyclopropyl-4,5-diiodo-1H-imidazole 43. Reagents and conditions: (a) CuCl, neat, 0-85 °C; (b) thioacetamide, MeOH, 0-45 °C; (c) 12 M HCl, MeOH,

0-80 °C; (d) I, Na,COs, dioxane, H,0, rt (overall yield: 26%).
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Table 2
SAR studies of 1-chloro-3-cyclopropyl-5,6,7,8-tetrahydroimidazo[1,5-a]pyrazines:
influence of the substituted phenyl moiety on potency

X\N/\ o

= SLNR) -

N

ci ph H

RZ

R3 RS

R4

Compound R? R3 R* R® hOX;R? hOX,R?
44 H H CF; H 30 9
45 H CF; H H 91 7
46 H F CF; H 53 10
47 F H CF; H 94 26
48 H F OCHF, H 170 2

@ ICsp values in nM (FLIPR assay).

(128 nM). The insertion of an ortho-fluorine atom on the para-tri-
fluoromethylphenyl moiety for DORAs 33 and 47 did not influence
CNS exposure, and the resulting brain concentrations remained
similar to those measured for the reference compounds 23 and
44. A beneficial increase of CNS penetration associated with a
meta-fluorine atom could again be observed for the difluorinated
derivative 34 that allowed an almost twofold increase of brain con-
centration compared to compounds 23 and 33. On the other hand,
shifting the trifluoromethyl group from the para-position in 33 to
the meta-position (39) appeared to result in an almost threefold
drop in brain concentration. Finally, replacement of the para-tri-
fluoromethyl moiety in 34 by a para-fluorine atom (37) generated
a dramatic 40-fold reduction of brain concentration, and this
observation underlined the pivotal role of the trifluoromethyl
group for brain penetration in the 1-chloro-5,6,7,8-tetrahydroimi-
dazo[1,5-a]-pyrazine series. Specific observations from this struc-
ture-brain exposure relationship study and values of [B]/[P] ratio
may be rationalized by the fact that some 1-chloro-5,6,7,8-tetrahy-

Table 3

droimidazo[1,5-a]pyrazines have affinities for the rat P-glycopro-
tein (P-gp) transporter system.’’ The simple addition of a
fluorine substituent on the phenethyl moiety can mitigate the rat
P-glycoprotein-mediated efflux of compounds (DORA 30 vs 23)
and fluorination can therefore represent a viable strategy to reduce
P-gp recognition in this series of DORAs. In order to further evalu-
ate permeability and human P-glycoprotein-mediated efflux prop-
erties for DORA 30, two crucial parameters for blood-brain barrier
penetration, we conducted a MDR1-MDCK permeability experi-
ment. 2°¢ The apparent passive permeability measured bi-direc-
tionally across MDR1-MDCK cell monolayers was 1.98 x 107 cm/
s (Pappa..s) in the A-to-B direction and 68.8 x 107 cm/s
(Pappg.to-a) in the B-to-A direction. The resultant high human P-
gp-mediated efflux ratio (ER =35) underlined the strong affinity
of compound 30 for the human P-gp transporter system and, as a
consequence, DORA 30 should exhibit low brain penetration in
humans.

The potent DORA 30 was evaluated in an in vivo BBB-experi-
ment.?! Brain penetration was estimated in male Wistar rats at
3 h following oral administration of 100 mg/kg formulated in
PEG-400. At this time point, total brain concentration reached
639 ng/g (1.22 uM). These concentrations were sufficient to impact
sleep and wake states. The effects of DORA 30 on sleep and wake
cycles were evaluated in freely moving adult male Wistar rats im-
planted with radiotelemetric probes recording electroencephalo-
graphic (EEG) and electromyographic (EMG) signals as well as
locomotor activity.2? DORA 30 showed comparable sleep-promot-
ing activity as almorexant when tested under the same experimen-
tal conditions, that is when drugs were administered at the
beginning of the dark active phase when the orexin level rises
(Fig. 2). Behaviourally, DORA 30, at 100 mg/kg po, decreased signif-
icantly the home cage activity by 36% over the 12 h night period
following administration compared to vehicle treated animals
(—43% for almorexant 100 mg/kg po vs vehicle, p <0.001, paired
t-test for both DORA 30 and almorexant; Fig. 2A). It translated elec-
trophysiologically by a significant decrease of the time spent in ac-
tive wake (—13% and —20% vs vehicle for DORA 30 and almorexant,
respectively, p <0.001 for both compounds, paired t-test, Fig. 2B).
Homeostatically, the time spent in non-REM (rapid eye movement)
sleep was significantly increased (+16% and +20% vs vehicle for

Brain and plasma concentrations of DORAs from the 1-chloro-5,6,7,8-tetrahydroimidazo[1,5-a]pyrazine series after oral administration to male Wistar rats

R

)/\N/\

N/ (S)Ngyj\ ~

o

N
cl Ph

R2

R3

R?

Compound R R? R3 R* [Brain]?* (nM) [Plasma]? (nM) [B]/[P] ratio hOX;R" hOX,R?
23 Et H H CF3 303 4210 0.07 40 9
44 c-Pr H H CF3 385 6398 0.06 30 9
30 Et H F CF3 1222 9815 0.12 18 7
46 c-Pr H F CFs 450 6804 0.07 53 10
32 Et H Cl CF3 128 1596 0.08 20 18
33 Et F H CF3 363 6425 0.06 45 12
47 c-Pr F H CF; 338 6760 0.05 94 26
34 Et F F CF3 695 6766 0.10 17 14
39 Et F CF3 H 136 1855 0.07 16 9
37 Et F F F 18 387 0.05 30 5

2 Concentrations determined 3 h following oral administration to male Wistar rats (100 mg/kg).

b ICso values in nM (FLIPR assay).
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Figure 2. Effects of DORA 30 and almorexant on home cage activity (A), time spent in active wake (AW, B), time spent in non-REM sleep (NREM, C) and time spent in REM
sleep (D). Effects evaluated over the 12 h night period following oral administration. Data are presented as means + SEM. **p <0.01, ***p <0.001 (n = 16 for DORA 30 and n =12

for almorexant).

Table 4
Relative proportion of non-REM and REM sleep over the total sleep time of the 12 h
night period following administration

Non-REM sleep
(% of total time)

REM sleep
(% of total time)

Vehicle (DORA 30) 85.4 14.6
DORA 30 86.2 13.8
Vehicle (almorexant) 87.3 12.7
Almorexant 85.8 14.2

DORA 30 and almorexant respectively, p <0.001 for both, paired t-
test, Fig. 2C). Finally, the time spent in REM sleep was also in-
creased compared to vehicle treated rats, non-significantly with
DORA 30 (+9%) and significantly for almorexant (+38%, p <0.01,
paired t-test, Fig. 2D).

As already observed with other DORAs,”??3 the general archi-
tecture of the sleep, that is the relative proportion of time spent
in non-REM and REM sleep over the total sleep time was main-
tained with 85-87% of non-REM sleep and 13-15% of REM sleep
(Table 4).

In conclusion, we described additional structure-activity
relationship studies concerning the phenethyl motif in the 1-
chloro-5,6,7,8-tetrahydroimidazo[1,5-a]pyrazine series. We iden-
tified several potent dual orexin receptor antagonists in the
low nanomolar inhibitory activity range which are suitable for
further in vivo evaluation. Fine-tuning of the phenethyl part also
underlined the substantial influence of this moiety on brain con-
centration. Finally, evaluation of 1-chloro-3-ethyl-5,6,7,8-tetrahy-
droimidazo[1,5-a]-pyrazine 30 in a rat EEG model indicated that
sleep-promoting activity comparable to almorexant can be ob-
tained in this novel series of DORAs. The issue of human P-gp
recognition needs to be addressed and further optimization work
is required in this series in order to improve brain exposure in
humans by increasing membrane permeability and decreasing
human P-gp-mediated efflux.

More details on the synthesis and analytical data for the com-
pounds described herein are disclosed in the patent literature.?*
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