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Abstract—Unexpectedly high affinity for opioid receptors has been observed for a novel series of cyclazocine analogues where the
prototypic 8-OH was replaced by a carboxamido group. For p and k opioid receptors, the primary carboxamido derivative of
cyclazocine ((£)-15) displayed high affinity (K;=0.41 and 0.53 nM, respectively) nearly comparable to cyclazocine. A high enan-
tiopreference ((2R,6R,11R)-) for binding was also observed. Compound (=4)-15 also displayed potent antinociception activity in
mice when administered icv. © 2001 Elsevier Science Ltd. All rights reserved.

We recently reported the synthesis and opioid receptor
binding properties of a series of cyclazocine ((+)-1)
analogues where the 8-OH group was replaced by var-
ious amine substituents.! The objective of this study was
to identify bioisoteres of the 8-OH that would retain the
essential H-bond donating properties of cyclazocine but
have the potential for an improved ADME profile.
Results from that study showed that while the 8-NH,
analogue (4)-2 had significant affinity for p and «
opioid receptors, it was 30- and 23-fold less potent than
cyclazocine, respectively. We also found that, relative to
the 8-NH, derivative (£)-2, certain (mono)substituents
on nitrogen greatly enhanced binding. For example, the
(2R,6R,11R)-phenylamino analogue (—)-3 had K; values
of 1.1 and 0.54 nM versus p and «, respectively. Our
studies showed that the 8-N had to have at least one
hydrogen substituent consistent with the long-standing
doctrine that 2,6-methano-3-benzazocines (e.g., cycla-
zocine) as well as many other p opioid-receptor inter-
active agents (e.g., morphine) require H-bond donation
at that site provided by the prototypic phenolic OH.>’
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As part of our continuing studies on the SAR of the 8-
position of cyclazocine, we recently prepared its,
hitherto unknown, 8-carboxamido analogue ((4)-15),
which we found to have surprisingly high (sub-
nanomolar K; values) affinity for p and x receptors
nearly comparable to cyclazocine. We could not find
any reports of opioid-receptor interactive agents where
the prototypic phenolic OH was replaced by CONRR.
In fact, there are very few papers that describe any type
of carbon attachment at that position. In two studies,
the 3-OH group of morphine® and natrindole’ was
replaced by H, alkyl, acetyl, aryl, and/or heteroaryl
groups; all targets had substantially diminished affinity
for opioid receptor relative to their 3-OH counterparts.
A recent report described the synthesis of the 3-carboxy-
methoxy analogues (i.e., 3-CO,CHj3) of the 6-dioxo-
lane (i.e., ketal protected) derivatives of naltrexone and
oxymorphone.® These esters were used as intermediates
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to make the 3-sulfonamido analogues (i.e., 3-
NHSO,CHj3) of naltrexone and oxymorphone via Cur-
tius rearrangements; no opioid binding data were
reported for these ester intermediates. We now wish to
report the synthesis, opioid receptor binding properties,
and in vivo antinociception data for (4)-15. We also
made and evaluated the enantiomers of (£)-15, the 8-
carboxamido analogue ((+)-21) of ethylketocyclazocine,
and several related compounds having a carbonyl
group attached to the 8-position of the core cyclazocine
structure.

We used two general methods, both involving Pd-cata-
lysis, to synthesize new targets (Scheme 1).° In one pro-
cedure (Method D),'° the 8-triflate ester 7' of
cyclazocine was converted to the corresponding nitrile
(£)-11 in 80% yield using Zn(CN),, Pd(PPh3),, DMF
using a slight modification of a procedure recently
reported by Rice and co-workers.!! Hydrolysis of (£)-
11 using KOH/#-BuOH provided target (£)-15 in 95%
yield after acidification. In similar fashion, both cycla-
zocine enantiomers, (—)-4 and (+)-5,'>!3 and ethyl-
ketocyclazocine (EKC, (#£)-6)!4'> were converted to
primary 8-carboxamido derivatives, (—)-16, (+)-17, and
(£)-21, respectively. Compound (+)-15 was also made
directly from triflate 7 in a one-step procedure (Method
E)!® in 65% yield by treating 7 with CO/NHj;/
Pd(OAc),/DPPF/DMSO. The conversion of triflate
esters to secondary and teriary amides using similar
(RRNH vs NHj3) conditions is well-known,'® however,
to our knowledge, this highly efficient method has
never been used with ammonia to make primary car-
boxamides. A two-step, one-pot procedure utilizing
HN(SiMe); followed by an acidic workup has been
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reported.!” We also prepared the three N-substituted
analogues, (+)-18, (£)-19, and (+)-20 using this one-
step procedure. The novel 8-CO,CHj3 ((£)-22) and 8-
CO>H ((£)-23) analogues were also made for com-
parative SAR purposes. We used a slight variation of a
known method (CO/CH;0OH/Pd(OAc),/DPPF/DMF/
Et;N)%18 to convert triflate 7 to (£)-22 (87%). Hydro-
lysis of this ester provided target acid (£)-23 in 64%
yield.

Opioid receptor binding data and a brief description of
the receptor binding assays are found in Table 1. The
primary carboxamido analogue (+)-15 displayed very
high affinity for p and «x receptors (K; values=0.41 nM
and 0.53 nM, respectively) that was nearly comparable
to cyclazocine. Like cyclazocine, (+)-15 showed much
lower affinity for 6. As would be predicted from existing
SAR data for enantiospecificity, the active enantiomer
at opioid receptors is the (—)-((2R,6R,11R)) isomer (—)-
16, which has substantially higher affinity (between 219-
and 370-fold) than the (+)-((2S,6S,11S)) isomer, (+)-
17. When the carboxamido nitrogen of (4)-15 was
substituted with one methyl ((4)-18), affinity for p was
decreased 59-fold but for «x, affinity was only 5-fold
lower. The N-phenyl analogue (4)-19 displayed very
low affinity for all receptors as did the N,N-dimethyl
derivative (£)-20. The 8-carbomethoxy ((£)-22) and 8-
carboxylate ((+£)-23) analogues were also made; relative
to (£)-15, affinity for p was significantly lower (110-fold
and 141-fold, respectively). Against k, (4)-23 showed
weak relative affinity, however, the 8-carbomethoxy
((£)-22) had a K; value of 2.0 nM. The nitrile inter-
mediate (4)-11 used to make several targets showed
very low affinity for opioid receptors. To determine if
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Scheme 1. Syntheses of target compounds via Pd-catalyzed procedures.
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the benefits of the 8-OH—8-CONH, conversion in
cyclazocine would translate to other 2,6-methano-3-
benzazocine core structures, we evaluated the novel 8-
carboxamido analogue (+)-21 of ethylketocyclazocine.
Similar to that observed with the cyclazocine core, (+)-
21 had very high affinity for p and « receptors nearly
comparable to EKC. We also performed preliminary in
vivo studies for (4)-15 using the mouse acetic acid wri-
thing test.'” We found that the opioid receptor binding
properties of the compound did, in fact, translate to
potent antinociception in mice (EDsy=0.21 nmol icv).

The excellent affinity for p and « opioid receptors that
we observed for the two novel 2,6-methano-3-benzazo-
cin-8-carboxamides ((4)-15 and (+£)-21) can’t be ratio-
nalized by our current knowledge of SARs of opioid-
interactive agents. Additional SAR function studies are
underway to determine if, for example, the role of the

primary carboxamide group is similar to that of the
phenolic OH (or isosteric NH,)'?? of typical opiates,
namely, H-bond donation to the same (or different)
complimentary acceptor site on the opioid receptor. Our
early results do indicate that an N-H is very important
for p binding in that the N,N-dimethyl analogue (+)-20
has very low affinity. However, the lack of binding
affinity for (£)-20 may well be a consequence of nega-
tive steric interactions of the methyl groups with the
receptor since diminished binding is observed with
the N-(mono)methyl derivative (4)-18 and binding is
abolished with the much larger N-phenyl carboxamide
((£)-19). Since our previous data for the 8-amino ana-
logues indicated that binding affinity was enhanced by
adding certain bulky substituents (e.g., phenyl in (—)-3),
the steric requirement(s) of the 8-substituent for opioid
receptor binding is unresolved and is being further
explored in our laboratories.

Table 1. Opioid receptor binding data for 2,6-methano-3-benzazocin-8-carboxamide derivatives

CHz CH2 CHg
-~ CHj {;&"Cm {;Q— {;&"CH;
CHoCHs

(+)-5: X = OH [25,65,118] B
(+)-17: X = CONH,

A (-)-4: X = OH [2R6R,11A]
(-)-16: X = CONH,

CH2

K; (nM £SEM)? versus

Compd Method (yield, %) mp (°C) [PHIDAMGO () [*H]Naltrindole (3) [*H]U69,593 (x)
(£)-1° A: X =OH (cyclazocine) 0.324£0.02 1.140.04 0.18£0.020
(—)-4¢ 0.10£0.03 0.58+0.06 0.05240.009
(+)-5¢ 360+ 16 1100£63 76+8.2
(+)-6% B: X=OH:; (EKC) 0.7840.10 3.4+0.41 0.62+0.11
(£)-11* A: X=CN 540450 2700+ 1400 71+13
(£)-15* A: X=CONH, 0.41+£0.07 8.34+0.49 0.53+£0.06
(5)-16° D (95) Foam 0.17+0.04 2.6+0.6 0.28+0.01
(+)-17° D (86) Foam 63+5.4 570+ 50 67+1.6
(£)-18 A: X=CONHCH; E (26) 155-156 24+1.6 63+4.1 2.6+0.19
(4+)-19 A: X = CONHC,Hs E (75) 0il 740+ 85 1400+ 58 460421
(£)-20 A: X=CON(CH;), E (66) 107-109 3000+ 160 >35,000 2500449
(£)-21 B: X=CONH, D (81) 194-196 1.2+0.12 9.84+0.50 0.70+0.08
(£)-22 A: X=CO,CHj; E2 (87) Oil 45+0.92 59+2.1 2.0+0.21
(£)-23 A: X=CO,H (64)h 240-242 58+1.8 320+ 14 314+0.87

4Binding assays used to screen compounds are similar to those previously reported (see ref 20). Guinea pig brain membranes, 500 pg of membrane
protein, were incubated with 12 different concentrations of the compound in the presence of either 1 nM [*H]U69,593 (x), 0.25 nM PHIDAMGO ()
or 0.2 nM [*H]naltrindole (8) in a final volume of 1 mL of 50 mM Tris—-HCI, pH 7.5 at 25°C. Incubation times of 60 min were used for [*'H]U69,593
and [P’HIDAMGO. Because of a slower association of [*H]naltrindole with the receptor, a 3 h incubation was used with this radioligand. Samples
incubated with [*H]naltrindole also contained 10 mM MgCl, and 0.5 mM phenylmethylsulfonyl fluoride. Nonspecific binding was measured by
inclusion of 10 uM naloxone. The binding was terminated by filtering the samples through Schleicher & Schuell No. 32 glass fiber filters using a
Brandel 48-well cell harvester. The filters were subsequently washed three times with 3 mL of cold 50 mM Tris—HCI, pH 7.5, and were counted in 2
mL Ecoscint A scintillation fluid. For [*H]naltrindole and [*H]U69,593 binding, the filters were soaked in 0.1% polyethylenimine for at least 60 min
before use. ICs, values will be calculated by least squares fit to a logarithm-probit analysis. K; values of unlabeled compounds were calculated from
the equation K;=(ICsq)/1 +S where S = (concentration of radioligand)/(Ky of radioligand) (see ref 21). Data are the mean+SEM from at least three
experiments performed in triplicate.

bSee Scheme 1 and ref 10. Method and yields refer to the Pd-catalyzed carbonylation step.

*Known compound:see refs 12 and 13.

dKnown compound: see ref 15.

o] —117.5° (¢ 1.0, MeOH).

To] +118.9° (¢ 1.0, MeOH).

€MeOH used in place of RR’NH.

"NaOH/THF followed by acidification with HOAc.
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