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Opioid receptors play an important role in both behavioral and homeostatic functions. We herein report
tetrahydroquinoline derivatives as opioid receptor antagonists. SAR studies led to the identification of the
potent antagonist 2v, endowed with 1.58 nM (K;) functional activity against the | opioid receptor. DMPK
data suggest that novel tetrahydroquinoline analogs may be advantageous in peripheral applications.

© 2010 Elsevier Ltd. All rights reserved.

Opioid receptors belong to the super family of G protein-coupled
receptors and are involved in multiple physiological activities,
including pain management, reward mechanisms, GI motility, hor-
mone release, and eating behavior.! There are three major opioid
receptor subtypes: , ¥ and §, with variant functions and tissue
distribution. Humans have many endogenous peptide ligands for
opioid receptors, including the well-known endorphins and
enkephalins. While opioid agonists, such as morphine (Fig. 1), are
clinically used as analgesics, opioid antagonists have also found a
number of therapeutic applications, including treatments for opioid
addiction, alcohol dependence, interstitial cystitis and smoking
cessation.? As early as the 1970s, it was reported that naloxone
(Fig. 1), an opioid antagonist, reduced food intake.>* As obesity
has reached epidemic level, the investigation of opioid antagonists
in controlling body weight has noticeably increased. It has been
proposed that blockade of the central opioid pathways by opioid
receptor antagonists may represent a potential means to treat
human obesity.? For example, naltrexone (Fig. 1), a marketed 1 opi-
oid antagonist, is being examined in Phase III clinical trial for the
treatment of obesity in combination with bupropion.®” LY255582
(Fig. 1), a highly potent pan-opioid antagonist, showed a marked
efficacy in reducing food consumption and body weight in an obese
animal model.®® Peripheral opioid receptors play a predominant
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role in the development of opioid bowel dysfunction (OBD). Alvim-
opan (Fig. 1), a peripherally acting | opioid antagonist, is used to
speed gastrointestinal recovery in patients after abdominal
surgery.'®

Early opioid chemistry work has revealed that the prototypic fea-
tures in an opioid agonist or antagonist include a substituted basic
amine, a phenolic moiety and a carbon skeleton to keep these two
points in a certain distance.'"? It was further demonstrated that
the phenolic hydroxyl could be replaced by a carboxamido group,
which was considered as an advantage for better pharmacokinetic
properties.'® After carefully analyzing a number of opioid receptor
small molecule ligands including a series of biaryl ethers, such as
compound 1 shown on Figure 1,'4!> we rationalized tetrahydro-
quinoline derivatives as opioid receptor antagonists (2, Fig. 2). In
this particular tetrahydroquinoline scaffold, a basic secondary
amine with a bulky lipophilic substituent is present, and a benzen-
ecarboxamide has been introduced as a phenol replacement. We
here report the synthesis of the novel tetrahydroquinoline analogs
and their biological data as opioid antagonists. As part of our
investigation on the pharmaceutical values of opioid antagonists,
their potential therapeutic application for obesity was preliminarily
evaluated.

The initial chemistry to synthesize the proposed tetrahydroquin-
oline derivatives is illustrated in Scheme 1. Two purchased starting
materials, tetrahydroquinoline and 4-bromobenzaldehyde, were
coupled under Buchwald condition. The aromatic bromination of
compound 3 with N-bromosuccinamide (NBS) exclusively occurred
on the 6-position. The excellent regioselectivity may be attributed
to higher electronic density and less steric hindrance at the
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Figure 1. Opiate-acting molecules.

Figure 2.

6-position. The electrophilic substitution took place in DMF at a low
temperature although a recent paper reported that a very similar
reaction used an ionic liquid in order to achieve a high
regioselectivity.'® Cyanation on compound 4 was fulfilled by a
palladium-mediated microwave reaction in 90% isolated yield.
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Reductive amination of the aldehyde 5 was carried out next, since
the nitrile hydrolysis of 5 with hydrogen peroxide could result in
the oxidation of the aldehyde functional group. Finally, hydrolysis
of compound 6 gave compound 2a in low yield.

Because the order of the last two steps in the approach shown in
Scheme 1 restricted array synthesis of final compounds, an alterna-
tive synthetic route was developed (Scheme 2). First, commercially
available 6-quinolinecarboxylic acid 7 was partially hydrogenated
with ammonium formate in presence of palladium on carbon in a
quantitative yield.!” The acid 8 was converted into methyl ester
9, followed by Buchwald amination. The aryl amination using the
carboxamide version of compound 9 yielded a complicated mix-
ture in which no desired product was isolated. Hydrolysis of the es-
ter 10 with lithium hydroxide then afforded the acid 11. Due to the
presence of the acid-sensitive aldehyde, the mild Vilsmeier
reagent, N,N-dimethylformiminium chloride, was employed to
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Scheme 1. Reagents and conditions: (a) Pd(OAc),, BINAP, Cs,COs, toluene, 100 °C, 3 h, 86%; (b) NBS, DMF, —10 °C, 0.5 h, 96%; (c) Zn(CN),, Pd(PPh3)4, DMF, 175 °C, MW, 5 min,
90%; (d) isoamylamine (4 equiv), NaBH(OAc)3, MeOH, rt, 83%; (e) 35% H,0,, 1 N NaOH, MeOH, rt to 55 °C, 26%.
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Scheme 2. Reagents and conditions: (a) HCO,NH,4, 10% Pd/C, MeOH, reflux, 2 h, 100%; (b) thionyl chloride, MeOH, 0 °C to rt,79%; (c) 4-bromobenzaldehyde, Pd(OAc),, BINAP,
Cs,CO0s, toluene, 100 °C, 10 h, 92%; (d) 2 N LiOH, THF, reflux, 5 h, 88%; (e) (Me,N=CHCI)Cl, THF, 0 °C to rt, then 15% aqueous NHs, 0 °C to rt, 98%; (f) amines (4 equiv),

NaBH(OAc)s, MeOH, rt, 70-96%.
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Scheme 3. Reagents and conditions: (a) Pd(OAc),
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, BINAP, Cs,COs, toluene, 100 °C, 16 h, 65%; (b) 2 N LiOH, THF, reflux, 18 h.

Scheme 4. Reagents and conditions: (a) Pd(OAc),, BINAP, Cs,COs, toluene, 100 °C, 8 h, 60%; (b) NBS, DMF, —5 °C; (c) Zn(CN),, Pd(PPhs),,

DMF, 175 °C, MW, 15 min, 23% in

two-steps; (d) 2-(1-cyclohexen-1-yl)ethanamine, NaBH(OAc);, MeOH, rt; (e) 30% H,0,, 5 N NaOH, EtOH, rt to 55 °C, 74% in two-steps.
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Table 1
Functional inhibition of human opioid receptors, j, 8 and k*

N
H,N \©\/R

o
Compound R u, fpk; ® 5, fpk; K, fpk;
Naltrexone | 870021 7.60£022 8.00+0.28
HN
2a VY 710003 650£048 630+0.10
2b HNJ\ 620+002 <5.40 5.90 +0.01
HN
2c \_<:> 740017 6.40£006 650+0.13
2d HN__~ 7304007 6.60%014 6.00+0.18
HN
2e VW< 7304006 6.50%0.18 6.60+0.20
HN
2f V\G 760£022 6.80£0.16 6.504%0.20
HN S
2g V\D 7.60£0.09 650£022 620%0.10
F
HN
2h \_G 7.00+0.19 640+025 6.20+0.05
HN F
2i V\Q/ 7504010 6.60%0.11 6.10%0.01
2j HN‘<:>< 8.00+0.09 7.30%029 7.20+0.04
2Kk HN—<:© 830+006 7.40£0.12 7.60+0.2
F
21 HN—<:©/ 7904030 7.10£0.11 6.90+0.04
HN
2m V\G 690+084 6.50£027 6.60+0.29
o
2n HN‘CN‘GO <5.40 <5.40 <5.40

¢ Antagonism of human opioid receptors, i, § and k¥ measured by a GTPgam-
maS35 LEADseeker bead assay using opioid membranes, hOPRM, hOPRD and
hOPRK generated from Bacmam-transduced CHO cells. The constitutive activity
was assessed during membrane preparation. An ECgg of the agonist was added as
the challenge: DAMGO for p; Met-Enkephalin for § and Dynorphin A for k. Assay
buffer: 20 mM HEPES, 10 mM MgCl,, and 100 mM Nacl dissolved in lab grade
water, pH 7.4 with KOH. For these assays, the typical specific binding ranges from
45-50% of the total. The observed values (ADU) for total and NS binding (total, NS)
for p, & and « are: 941, 525; 702, 337; and 692, 376, respectively.

b The results were recorded as pICsg values and subsequently converted to fpK; by
the equation: fpK;=—log(ICs0/((2+([L]/ECs0)*n)*1/n—1)) [L]= concentration of
agonist used for antagonist assay; ECso = determined on day of assay using a sep-
arate agonist plate containing >6 agonist curves; n = slope of agonist curve, mean
values: 0.76 (), 0.69(3) and 1.01(k). For the antagonists tested, mean slope values:
1.13 (p), 1.03(8) and 1.02(x). fpK; is the negative log of the Kj, thus higher fpK;
indicates a more potent response. The values are the mean of at least two assays.
Naltrexone was used as a positive control for each run.

prepare the amide 12 from 11. A quantitative conversion was
achieved. Final reductive amination allowed the attachment of a
variety of amines in high yield. Overall, the chemistry depicted in

Scheme 2 presented a facile and scalable route to synthesize the
desired final compounds.

Final molecules 2a-n were examined in a [>*S]GTPgamma$
binding assay,'® using opioid membranes (hOPRM, hOPRD and
hOPRK), generated from Bacmam-transduced CHO cells, to observe
functional activity (Table 1). All analogs, except 2n, showed mod-
erate to high inhibition potency. The indane analog 2k was the
most potent with fpK; = 8.3 at the p receptor. Furthermore, all ac-
tive compounds displayed the strongest inhibition against the p
receptor while the selectivity among the three tested opioid recep-
tors was within a 25-fold range. A few interesting structure-activ-
ity relationships were observed: (1) the length of the amine side
chain was important (2a vs 2b and 2h vs 2i), whereas there was
tolerance for size differences at the end of the chain; (2) the side
chains having an aromatic moiety were at least as active as the sat-
urated ones; (3) the rigidity in the side chain was usually beneficial
for potency (2i vs 2, e.g.); (4) heteroatoms in the side chains did
not improve potency.

In order to further study the substitution pattern for the sec-
ondary amine side chain, compound 20 was synthesized and tested
(Table 2). It is worth noting that the general chemistry used for the
preparation of para-substituted compounds 2b-n was problematic
(Scheme 3) when applied to the synthesis of 20. Hydrolysis of ester
13 with LiOH yielded a complicated mixture, in which three major
products were formed with only 10-20% each and the desired acid
14 was difficult to isolate. Hence, the approach shown in Scheme 1
was employed to synthesize compound 20 (Scheme 4). Unfortu-
nately, the yields of several steps were relatively low. The potency
of meta-substituted analog was two-fold lower at the p receptor
than the corresponding para derivative (Table 2, 2f vs 20).

To confirm the importance of the basic nitrogen in the amine
side chain, as reported in the literature for opioid agonists,'® an
amide analog 2p was prepared (Scheme 5) and examined. Its activ-
ity significantly dropped on all three opioid receptors, as predicted
(Table 2).

With a single digit nanomolar opioid antagonist 2k (functional
K;=5.0 nM) in hand, attention turned to optimizing the substitution
on the benzyl moiety in the middle. Compounds 2q-x (Fig. 3) were
synthesized using the approach illustrated in Scheme 2. The in vitro
receptor inhibition results are summarized in Table 2. The data
revealed that all substituents tested at the 3’-postion were detri-
mental to activity, whether electron donating or withdrawing (2q
and 2t). It is likely due to a steric effect of the substitution (2r vs
2u). Moreover, 3’ and 5’-bis-substitution caused a further decrease
in activity (2s). Nevertheless, the introduction of 2’-methyl did not
result in activity drop. It might produce a benefit as compound 2v
was identified as the most potent antagonist in the series so far, with
functional pK; = 8.8. It appears that opioid binding is sensitive to the
spatial position of the amine side chain that can be altered by 3’-sub-
stitution. However, the opioid receptors tolerate the more twisted
middle phenyl portion induced by a 2’-substituent because the
amine side chain can correspondingly rotate to the angle to

NH,
2g-x

R' = 3-CHj, 3',5'-2XF, 3'-CF, 3'-Cl, 2-CH,
R= *
~1J,

Figure 3.
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Table 2
Opioid receptor binding data for further structural modification®
Compound R! R? W, fpk; 3, fpKk; K, fpK;
R!
| \/\@
2f H 7.60 £ 0.22 6.80+0.16 6.50+0.20
o. LN
NH,
(10
N
2k H 8.30+0.06 7.40+0.12 7.60%0.2
o N e
NH,
R!
7
N/
20 o O/\H 7.30+0.41 6.70+£0.01 5.90 + 0.09
NH,
(o] R! s
N T \/\C
2p o H 5.70 £ 0.08 5.80 <5.40
NH,
X
| =
G
2q H 8.10+£0.26 6.80+0.07 6.80 £ 0.05
o, LN
NH,
0
N F
2r H 8.10+0.13 7.00 £ 0.05 6.70+0.11
o N e
NH,
R1
N F
2s H 7.60x0.10 6.50+0.32 6.20+0.25
o. N e
NH, F
R1
2t H 7.3010.31 7.20+0.97 6.200.11
o, LN
NH,
R1
2u H 7.80 £ 0.04 7.00 £ 0.06 6.700.10
o N e
NH,
R
N
2v H 8.80+0.14 7.90 £0.27 7.70+0.21
o N
R2
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Table 2 (continued)

Compound R' R? W, fpk; 5, fpK; K, fpK;
R!
. \/\@
2w H 7.90 £0.10 7.00 £0.32 6.70 £0.14
0. N_
R?
NH3
R!
\ \/\@
2x H 7.00 £ 0.42 6.30£0.36 6.20+0.15
o N_
R?
NH,
R1
N
H
N\Rz
R1
\ \/\@
23 O\/H 5.50 <5.40 <5.40
0. N\Rz

2 Same opioid functional assays were used as Table 1.
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Scheme 5. Reagents and conditions: (a) 30% H,0,, 5 N NaOH, EtOH, 55 °C, 18 h, 66%; (b) 2-(1-cyclohexen-1-yl)ethanamine, HBTU, triethylamine, THF/DMF, rt, 100%.

maintain an optimal interaction with the receptor surface. The min-
or spatial induction may help the binding of the phenylcarboxamide
moiety with the opioid receptors as well. The SAR was quite consis-
tent. Just as predicted, the potency of 2w increased and 2x dropped,
compared to 2f (Table 2).

We also examined the importance of the carboxamide group on
the 6-position. It was found to be critical for this series as the
opioid activity of both analogs 22 and 23 dramatically decreased
(Table 2). This is consistent with the literature reports that in opi-
oid agonists and antagonists, a phenolic OH or its corresponding
bioisostere, such as CONH,, acts as an important H-bond donor
for opioid receptor affinity.’>?%?! Compounds 22 and 23 were
synthesized by the methods shown in Scheme 6.

Arepresentative opioid antagonist 2f was dosed iv in Long-Evans
rats to evaluate its pharmacokinetic properties. It exhibited a half
life of 5.43 h with moderate volume of distribution (Vss = 1.5 L/kg)
and clearance (CL=26.5 mL/min/kg). Oral dosing determined it
had 33% bioavailability, however, its brain to plasma concentration
ratio was lower than 0.1. Similar results were observed on other
analogs, except having variant bioavailability from 28% to 109%.
Although these tetrahydroquinoline analogs had favorable systemic

DMPK properties, including good bioavailability, they were not
dosed in the feeding study, an initial in vivo pharmacology assay
to assess anti-obesity potential, due to poor exposure in the CNS.
It is the central opioid system that is involved in the regulation of en-
ergy homeostasis.?? Since poor brain penetration obviously limits
the occupancy of central opioid receptors, feeding suppression in-
duced by these tetrahydroquinoline analogs would not be optimal.
However, the analogs may find utility in peripheral applications,
similar to the marketed medicine, alvimopan.?®

In summary, we have identified a new structural class of opioid
antagonists. Facile syntheses were developed to quickly access
these novel tetrahydroquinoline derivatives. The initial SAR study
on the amine side chain identified multiple compounds with nano-
molar functional activity. Further structural refinement on the
middle benzyl moiety helped enhance the opioid activity and led
to the discovery of the most potent analog 2v with functional
Ki=1.58 nM at the p receptor. In addition, carboxamide proved
to be an acceptable hydrogen bond donor in this series. Their un-
ique DMPK properties may offer these opioid antagonists an
opportunity in peripheral applications, without affecting central
actions of opioid receptors.
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Scheme 6. Reagents and conditions: (a) and (b) 2-(1-cyclohexen-1-yl)ethanamine,
NaBH(OAc)3;, MeOH, rt.
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