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We recently reported the discovery af)-5-(3-hydroxyphenyl)-4-methyl-2-(3-phenylpropyl)-2-azabicyclo-
[3.3.1]non-7-yI-(1-phenyl-1-cyclopentane)carboxamide)fKF4, (+)-5] as a novel chemotype possessing
potent antagonist activity at th& opioid receptor. Additional SAR studies involving changes to both the
2-amino and 7-amido N-substituents using this satiferiorphan scaffold have revealed compounds with
improved potency and selectivity for thé opioid receptor. The highly potent and selective 2,2-
dimethylphenylacetamide analogue){N-[(1S4R 5R,79-5-(3-hydroxyphenyl)-4-methyl-2-(3-phenylpropyl)-
2-azabicyclo[3.3.1]non-7-yl]-2-methyl-2-phenylpropanamid8d, delmorphan-A) showed picomolar in-
hibitory potency K. = 0.1 nM) in the P°S]GTP/S functional assay with opioid receptor selectivity ratios

of 103- and 132-fold versus theand« opioid receptors, respectively. The compounds showed no agonist
activity at any of the three opioid receptors; however, measuremenismferse agonist activity within
this series illustrated a broad range of negative efficacy ang u@lues 650-fold more potent than the
prototypicald opioid receptor inverse agonist ICI 174 862p).

It is now well established that opioid receptors belong to the naltriben (Lb).2° Compounddaandlb have proven to be highly
superfamily of G-protein-coupled receptors (GP@RBistinct useful for the characterization of theopioid receptor, even
cDNAs encoding ther, d, «, and ORL-1 receptors have been though Takemori et al. reported that they showed some agonist
cloned, and studies with opioid receptor knockout mice have effects??-21 A significant amount of work from several research
clarified the role each receptor type plays in mediating effects groups has been reported with the goal of providing optimal
of morphinel2 Since the discovery of the three distinct opioid alignment of the message and address moieties. Two different
receptors and the ORL-1 orphan receptor, researchers studyin@pproaches to this are illustrated by benzylidenenaltrexone
the underlying mechanisms of opioid activity have sought highly (BNTX, 2) and the nonopiate SK 205588) (224 The latter is
potent and selective agonists and antagoRisisiecent years, remarkable not only because it showed significant enhancement
the 6 opioid receptor has received considerable attention. of selectivity versudabut also because it broke tradition using
Numerous studies have been directed toward the development nonclassical N-substituent structure to induce antagonist
of ¢ agonists as potentially new analgesics with reduced side behavior in a nonopiate scaffold. Beyond this, the SAR &f
effects relative teu opioid agonistd:-7 In addition, studies have  proper has been surveyed including N-substituent modification,
also suggested thatopioid receptor antagonists can modulate alkylation of the 14-position, alkylation of the indole nitrogen,

a number of biological processgd-or example,o opioid and substitution or heterocyclic replacement of the phenyl
receptor antagonists might be useful in the treatment of address ring>2°

L-DOPA-induced dyskinesia in Parkinson’s diséasd alcohol
abusé€!? as antitussive drugd,and in the regulation of tumor
cell growth12-14 Most importantly, however, are the continued
reports that indicate an intimate involvement of thepioid
receptor system in morphine tolerance and dependénte.

Very few opioid receptor pure antagonists selective for the HO
0 receptor have been reported. By applying the message
address concept of Schwy#&rto naltrexone, Portoghese 1a: X =NH
developed antagonists selective for thereceptor. Attach- 1b:X
ment of a properly aligned phenyl ring) (address) to the
nonselective opioid antagonist naltrexone (the opioid message)
to act as a mimic for PHeof the enkephalins provided the
opioid receptor selective antagonists naltrindolie) (and
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13a; Ry = Ry = (CHp)s- 14a; R = 4-methoxyphenyl
13b; Ry = Ry = -(CHyp)s- 14b; R = 4-fluorophenyl
13c; Ry = Ry = -(CHy)e- 14c; R = 1-naphthyl
13d; R{=Ry=CHj 14d; R = 2-naphthyl
13e; Ry = Ry = CH,CH3 14g; R = 2-thienyl
13f; Ry=H, Ry = CH3 14f; R = 3-thienyl

(R) configuration in 13f

aReagents: (a) appropriate carboxylic acid, BORNETHF; (b) 48% HBr, HOAc, reflux; (c) phthalic anhydride, toluene, De&tark trap; (d) ACE-
Cl, CH.Cly, MeOH, reflux; (e) NaBH(OAg), Ph(CH),CHO, CHCly; (f) Ho2NNHa, EtOH, reflux.

The phenylmorphans are a class of opioid compounds first sodium triacetoxyborohydride gawephenylpropyl derivative
described by Ong and May over 30 years &jm recent years 10. Protection of6 as the phthalimide was required because
we have shown that this scaffold can produce potent opioid pure 7-amido derivatives o6 failed to react with ACE-CI or any
antagonists and can assume the role of “antagonist messagebther chloroformate N-demethylating reagent. Deprotection of
similar to naltrexone. Furthermore, we have shown that intro- 10 with hydrazine gave the 7-amino derivatit&, which was
duction of appropriate 7-amido-linked “address” elements to converted to the seminal intermediatg by treatment with
this nonselective scaffold confers opioid receptor selectivity to hydrogen bromide in glacial acetic acid. Preparation of target
the resulting ligand. In line with the findings of Portoghese and compounds fromi.2 utilized BOP coupling with the appropriate
co-workers« selectivity was achieved with address elements carpoxylic acid. Target compoundSa—f expanded the SAR
containing a basic amino group as 4n[(—)-KAA1] and ¢ of 5 by introducing diversity in thex and o' positions of the

selectivity was obtained using a phenyl ring as the addressphenylacetamide side chain, whereas target compolsaisf
element as ir5 [(+)-KF4].1% Herein we report an expanded .o morated diversity in the aromatic fragment.

SAR survey with the sameH)-phenylmorphan scaffold, which
has revealed analogues with enhanced potency and selectivity Target compounds8 and 21a-c explored the SAR of the

for the & opioid receptor as well as potent inverse agonist \-substituent of the 2-amine ib and were accessed from
activity. intermediate9 as shown in Scheme 2. Differentiation of the

amino groups was accomplished by blocking the 2-amino
position as dert-butyl carbamate followed by selective removal
of the phthalimide from the 7-position to give intermediate
Target compoundl8 was prepared by coupling with 2,2-

Chemistry

Preparation of the target compounds began with optically pure ' ) . .
7-aminomorpharé prepared as previously described (Scheme dimethylphenylacetic acid followed by removing the carbamate

1) 3 TheN-methy! derivative o6, compoundZb, was prepared w?th trifluoroacetic acid to g?velB foIIovyed by N-alkylation
directly from6 by coupling with 1-cyclopentanecarboxylic acid ~ With f-bromophenetole to givé7 and finally phenol depro-
using benzotriazol-1-yloxytris(dimethylamino)phosphonium t€ction with boron tribromide. Target compouriefsa—c were
hexafluorophosphate (BOP, Castro’s reagent) followed by obtained from15 by first coupling with the appropriate
removal of the isopropyl group with hydrogen bromide and carboxylic acid derivatives using BOP to give the 7-amido side
acetic acid. Target compound8a—f and 14a—f required a chain intermediate$9ab. Removal of both the isopropyl and
change to the phenylpropyl N-substituent. This conversion was tert-butyloxycarbonyl groups was accomplished with hydrogen
accomplished via protection of the 7-amine as the phthalimide bromide and acetic acid to give secondary amR@sb, which

(8) followed by treatment witha-chloroethyl chloroformate ~ were subsequently converted to the desired target compounds
(ACE-CI) and then refluxing methanol to give N-demethylated 2la—c via reductive alkylation using sodium triacetoxyboro-
9. Reductive alkylation o® with hydrocinnamldehyde using  hydride and the appropriate aldehyde.
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aReagents: (a) BeO, EtN, CHCly; (b) Ho2NNH,, EtOH, reflux; (c) 2,2-dimethylphenylacetic acid, BOP;NEtTHF; (d) TFA, CHCly; (e) PhOCHCH B,
BuNI; (f) BBrs, CHCly; (g) PhRR.COH, BOP, EtN, THF; (h) 48% HBr, HOACc; (i) NaBH(OAc), appropriate aldehyde, GHI.

Table 1. Apparent Affinity (Ke) at Cloned Human, 6, andx Opioid

Biology Receptord

Measures of functional antagonism and selectivity of the Ke ("M)
target compounds and standartisand ICI 174 86422), were . . -
obtained by monitoring the ability of test compounds to inhibit _c°MPd " 0 K plo ko
stimulated $°S]GTPyS binding produced by the selective 5 87127 0.15£0.03 17.9:6.3 58 119
agonist DAMGO (), DPDPE ), or U69 593 23, ) using 1ga ;‘ggi ig 561-31 glo . %ﬂgi‘; , 63-6 92-8
cloned human opioid receptors expressed in CHO cells (Table 13, 228162 034+014 102+15 67 30
1)31 The assays were run in a 96-well array in 1.4 mL  13c 24.4+397 0.26£0.16 17.5+45 93 67
polypropylene tubes. In a final volume of 0.5 mL, each assay 13d 10.3+3.7 0.10+0.02 13.2£26 103 132
contained 0.5 nNM¥S]GTP/'S, 20-40ug of membrane protein, 13e  11.7+3.6 020+013  14.6£47 59 74
one of seven concentrations of agonist (&_32 000 nM), 1 14311; 2.26.3::&2:.35.6 8%‘7‘1 8:24 3:31-;::}:1(.)5.02 ?g 52.6
or 10 uM GDP, test compound, and 1% dimethyl sulfoxide. 14b 91+46 0.264+0.06 4.5+ 1.3 35 17
The assay concentration of the test compounds wetg08, l4c 2724128 1.42+03 43.6£202 19 31
1-50, and 56-300 nM for theu, 6, andx assays, respectively. l4d  35.0+154 075023  56.1+134 47 75
The assays were run in a 20 mM Hepes buffer (pH 7.4) ﬂfe gé?i 8'82 g'gﬁ 8'331 ;47% ?'26 g'é gg
containing 100 mM NaCl, 10 mM Mggland incubated at room 18 114+ 0.7 087+024 96.3+27.8 13 111
temperature for 1 h. The assay was started by the addition of 21a 251+0.90 0.33+0.12 5.6+2.8 76 22
the membrane homogenate, and it was terminated by rapid 21b  1.02+0.27 0.47+0.16 6.7+1.8 22 14
vacuum filtration over GF/B filter plates and washing with three ilc %-ng 203;3 8-2E 8-6‘2 igi gg 1527-4 ?9
volumes of ice-cold buffer. The plates were dried, and trapped 22 121 16 79133 339.L 179 53 43

radioactivity was determined using a TopCount scintillation
counter. The averagetSEM) percent stimulation of basal experiments. The final GDP assay concentration wasM0P Theu assa
binding for DAMGO, DPDPE, an@3 was 292+ 10, 246+ usgd ()—Alaz,MePhé,GIy—oI5)enker)thaIin. Agonist séi@gtive fqur#opioidy
11, and 285+ 9, respectively. Receptor expression for these receptor® The ¢ assay usedfPer?,p-Perflenkephalin. Agonist selective
cell lines ranged between 0.4 and 0.6 pmol/mg protein. for 6 opioid receptor? The« assay used [(,7a,88)-(—)-N-methylN-{7-

Agonist concentration response curves were run in the (1-pyrrolidinyl)-1-oxaspiro[4,5]dec-8-ylJoenzeneacetamidz)( Agonist

. . elective fork opioid receptor.

presence or absence of a single concentration of test compoun&
and in the presence of M GDP. This concentration of GDP
was used to reduce the basal or unstimulated binding of tion of test compound ar® andA are the agonist Efg values
[33S]GTPyS in order to increase the agonist signal-to-back- in the presence and absence of antagonist, respectively. No
ground ratio. The concentration of test compound was chosenagonist activity was observed at thepioid receptor with any
such that it caused at least a 2-fold increase in the agonigt EC of the test compounds (maximum assay concentration of 31.6
value. The apparent affinity d€. values were calculated using uM), and none of the compounds displayed intrinsic activity
the formulaKe = [L]/{(A'/A) — 1}, where [L] is the concentra- ~ (agonist or inverse agonist) at either ther « receptor.

2The data represent the meanSE from at least three independent
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Table 2. Inverse Agonist Potencies and Efficacies of Compounds at the nearly as selective withi/o and «/6 ratios of 62 and 94,

Cloned Humar) Receptor respectively. Increasing the ring size to a six-membered ring as
compd 1Go (NM) % of basal binding in 13b, however, resulted in a 2-fold loss of potency foand

5 1.8+ 0.6 70+ 10 o0 but an increase in potency at The selectivity as a
7b 95+ 28 79+ 3.2 consequence was maintaineduabut was decreased far to
13a 0.42+0.10 65+ 4.3 30-fold versusd. Increasing the ring size to seven members
igg g'ggi 8'% ?gi ‘7"6 gave results similar to those of the six-membered ring but
13d 0.40+ 0.23 64+ 7 showed lower potency far, which combined to improve the
13e 1.8+ 1.0 61+ 17 dlk selectivity. Overall, changing the size of the cyclopentyl
iif 8.41121 8-8; ;gi g ring in 5 did not provide any significant improvements in either
142 0454 0.03 ot the potency o_r the selectivity of the target com_pound_s.
14c 16+ 75 46+ 1.4 Three acyclic analogues Bfwere investigated, including the
14d 7.7+284 69+ 13 dimethyl (L3d, delmorphan-A), diethyli36), and monomethyl
14e 0.80+0.33 54+ 6 (13f) derivatives. The dimethyl analogue was the most potent
igf 2:35’:191'18 ggi g and selective of the three withkq of 0.1 nM for thed receptor
21a 0.50+ 0.12 70+ 4 andu/o and /o ratios of 103 and 132, respectively. Overall,
21b 0.124+0.01 70+£5 this compound represents one of the most potent and selective
21c 0.72+0.32 78+ 4 o opioid receptor antagonists yet identified and exceeded the
naltrexone N’§ lead compound in both potency and selectivity. The diethyl
la NA S
22 83+ 35 754 4 derivative on the other hand was 2-fold less potent ttzhat
PTX 61+7 roughly 0.2 nM, whereas the monomethyl derivative was only

aThe data represent the meanSE from at least three independent SI!ghtly less potent rel_at_'ve ®3d bUt_ equally potent c_ompared
experiments. The assays were exactly as described above except the finaVith 5. From a selectivity standpoint, however, neither of the
GDP assay concentration wagl¥l. See text for rationale. DPDPE typically  last two compounds showed the high level of selectivit{ &d.
caused a 2-fold increase in basal binding under these assay congiions. Together with the cyclic analogues, the results obtained with
Intrinsic activity. this set of compounds indicates that dimethyl substitution has
the best overall combination of potency and selectivity and is

inverse agonists were determined in tR&S[GTP/S binding from this standpo.int the best compound yet identified in this
assay using wild-type humahopioid receptors and compared series of antagonists. ] .

to the prototypical inverse agonitd) as well as the oxymor- ~ rarget compounds4a—f retained the cyclopentyl ring found
phone-based antagonists naltrexone sa@Table 2). Intrinsic N 5 and focused on variation of the aromatic fragment of the
activity at all receptors was determined using a final concentra- 7-@mido side chain substructure. The first two members of this
tion of 1M GDP. In our test system this concentration of GDP  S€t explored the electronic character of the aromatic ring looking
results in an approximate 5-fold increase in ba38|GTP/'S at both ends of the spectrum, para fludtdlf) and para methoxy
binding. This increase in basal binding provides a greater signal (148 substitution. Remarkably, addition of the methoxy group
range over which the effect of an inverse agonist can be detected!0 5 imparts a 7.5-fold increase in potency for theopioid

A DPDPE concentration response curve was run on each assayeceptor while maintaining roughly the same potency.at
plate to control for the performance of the assay. It is noted Combined with a 5-fold decrease in potency for theceptor,
that although the compounds were inverse agonists, theirthe methoxy group virtually eliminates the selectivity seen in
influence on the basal binding in tideopioid Ke experiments 5. Interestingly, fluoro substitution has a similar effect, though
was minor because they were reducing an already low basalin this case, thé potency decreases less than 2-fold and is still
activity (~400 cpm) and it had no apparent effect on the upper Very potent at 0.26 nM. Howevet4b was also more potent at

The potencies and efficacies of the target compounds as

asymptote of the DPDPE curve. both u and « receptors with selectivity ratios of 35 and 17,
respectively, and thus is notdaselective compound.
Results and Discussion Target compoundd4c—f include the naphthyl and thienyl
The results obtained for the measures®8[GTP/S in vitro replacement analogues for the phenyl ring5invith each of
antagonist potency at the 6, andx receptors are listed in Table  these being represented by two regioisomeric variations. Target
1 and are described in comparison to the lead comp&umte compound 14¢ the 1-naphthyl analogue, showed potency

2-(N-methyl) derivative 06, compound’b, showed a significant ~ decreases at all opioid receptors relativétdhe biggest drop
loss of potency (512-fold) for thé receptor (76.8 versus 0.15 was at thed receptor at roughly 10-fold, which resulted in a
nM), but as expected, the compound retained its antagonistnonselective compound. The 2-naphthyl derivati4dj on the
activity. Typically, antagonists of this and related phenyl- other hand showed only half as much decreasé potency
piperidine-based systems show much greater potency withbut relatively greater losses in potency for the remaining
N-substituent groups larger than metfyI.Compound 7b receptors. Overall, however, neither of the naphthyl compounds
showed no receptor preference, suggesting that both the 7-amidaepresented an improvement compared véttoward either
and the basic 2-amino substituent contribute to receptor selectiv-potency or selectivity. The 2-thienyl compouhdewas found

ity. The phenylacetamide analogue3a—f on the other hand  to be very potent for thé receptor with & of 0.31 nM, but
showed subnanomolar potency at theeceptor withKe of relative to 5, the u potency improved roughly 4-fold, thus
0.10-0.26 nM compared to 0.21 nM fdra. All six compounds eliminating selectivity. The 3-thienyl compound was also very
showed much improved selectivity relative @b. Compounds potent in the) assay but was not selective because of relatively

13a—c are a,a’-cyclic systems likes, having fewer {33 or good potencies for the andx receptors. On the whole, changes
more methylene group438b,c) in the ring. The four-membered  to either the size or electron density of the side chain aromatic
ring analoguel3a was of equal potency compared wihat ring in 5 did not lead to improved compounds but showed a

nearly all of the opioid receptors and as a consequence wassignificant ability to affect both the potency and selectivity of
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the target compounds. In general, the analogues possessing an NS2 NS2
unsubstituted phenyl ring show greater in vitro potency and
selectivity for thed opioid receptor. R

Changes to the N-substituent & and 13d were also @ ‘Nr@)
examined in this study. This included a phenetole derivative R N
(18) as well as cinnamyl and 2-methyl cinnamy21@—c) NS1 - 4
derivatives. Target compouriB was 9-fold less potent than

compoundl3d in the 6 assay but showed little change for o
The compound also lost significant potency (7.6-fold) in the g=06H5(0H2)2 @
assay. Compoun@la was not selective for thé receptor _ T

because the compound showed improved potency atbaiial B g bstitient binding site

k. Thus, while the) potency was only 2-fold less thd its u H = Hydrogen bond acceptor

andk Ke values were 3.5- and 3.2-fold greater. Similar results Figure 1. Comparison of the relativé opioid receptor binding fota
were obtained ir21b and 21c where thed potency decreased ands.

in parallel with improvements in potency for battendx. It is

noted, however, that the cinnamyl N-substituents (a2lia— this perspective, the phenylmorphan-based compounds are
¢) had previously shown strong potency for theeceptor in similar to their naltrexone-based counterparts. In terms of inverse
the phenylpiperidine analoguesH(-N-(trans-3 -phenyl-2-pro- agonist behavior, however, the data available in #&|GTP/S

penyl)-(R 4R)-dimethyl-4-(3-hydroxyphenyl)piperidine (RTI- ~ aSsay using wild-type humah opioid receptors suggest that
5989-1,24) and (F)-N-[trans-3'-(2-methylphenyl)-2propenyl]- the two classes of compounds behave differently. As shown
(3R4R)-dimethyl-4-(3-hydroxyphenyl)piperidine (RTI-5989-25, earhe_r, all of the ph_enylmqrpha_ns tested in this study were found
25)].31.35.36 Thus, it is not surprising that these compounds 0 b€ inverse agonists. This trait is also shared by the structurally
showed a lack ofu/é receptor selectivity. The significant ~elated phenylpiperidine-based antagonists suckAasnd 25,
decrease i receptor potency foelab, however, relative to ~ Which have also been found to be inverse agorfsts®In
the corresponding phenylpiperidine4 and25 reveals that the ~ contrast, neitherla nor naltrexone showed inverse agonist
7-amido side chain moiety exerts a substantial influence over activity. Others using wild-typed receptors showed that
potency for the:. However, it is very interesting that all of the naltrexone-based compounds did not demonstrate inverse agonist
compounds showed subnanomolar potency fordteceptor, activity 3 _ _ _

since the related phenylpiperidin@s and 25 identified in _In a recent article, we related our interpretation of the
previous work showed high potency Kevalues ag are 0.039  Similarities and differences observed in the SAR for these two
and 0.013 nM) for24 and 25, respectively?s Similar to the types of antagonist structures as arising from_dlffgrent ways of
prototype, all the target compounds were inverse agonists for2inding to the opioid receptors, as depicted in Figuré As

the & receptor. Compoundb showed very low activity with illustrated, the phenol and protonated amino groups of the two
an 1Gs, of 95 nM, which is consistent with the lo#, found as classes of antagonist were believed to bind to common domains
a 0 antagonist. In the other examples studied, Kaefor o represented by H and S, respectively. This implied that the

antagonist activity was usually very similar to thesy@een for ~ N-substituents would occupy different domains NS1 versus NS2.
inverse agonism. Reduction in the percent of basal binding wasUSing this comparative analysis as a guide, we were able to
similar for most compounds, with many examples showing correctly position the phenyl “ad(_jress” ring on Fh_e nonselective
levels equal to that found with PTX (100 ng/mL). The lead Phenylmorphan scaffold to obtain numerauspioid receptor

compounds with an 1Gs value of 1.8 nM was 46 times more ~ Seléctive compounds. These positive results support our initial
potent than the prototyp22 The most potent inverse agonist hypothesis regarding the different relative modes of receptor

discovered, however, waglb (delmorphan-B) (I = 0.12 binding presented by the_tv_vo classes of antagoni_st. This in turn
nM), which was~650 times as potent &2. offers a means of rationalizing why one observes inverse agonist
activity in the phenylmorphan series but not in the compounds

R derived from naltrexone. In short, the dichotomy in behavior
between the two series could arise from the different modes by

/ which they interact with the receptor. More specifically, the

analysis suggests that the inverse agonist behavior arises as a
_ consequence of the interaction of the receptor region NS2 by
25:R= CHa the 2-amino N-substituent of the phenylmorphan ligand. Though
speculative, this notion is supported by the observation of inverse
agonist activity in the phenylpiperidine serieé@nd?25) and
these compounds are believed to occupy the receptor in a
OH manner similar to that depicted for the phenylmorphans.
Collectively, the potent and selective phenylmorphan-based
We have demonstrated in recent years that the addition of ainverse agonists such d8d not only will provide tools for
45-methyl substituent to the parent N-substituted 5-(3-hydroxy- elucidating the biological role of constitutive activity but also
phenyl)morphans resulted in compounds that showed pure, albeitare a valuable set of compounds that can provide an understand-
nonselective, opioid antagonist activi/In addition to this, ing of the mechanistic aspects leading to inverse agonist activity.
we have demonstrated that this class of antagonist conforms to .
the messageaddress model that Portoghese used to explain €onclusion
the o selective properties dfa.l® In the present case, we found This study suggests that using the hypothetical binding model
that the addition of phenyl “address” groups to the)-{\- that compared the receptor binding of phenylmorphan-based
phenylpropyl-#-methyl-5-(3-hydroxyphenyl)morphan “mes- compounds to that of naltrexone-based antagonists suth as
sage” fragment resulted ihselective compounds. Viewed from  can accurately predict structural modifications that impart
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opioid receptor selectivity to nonselective phenylmorphan-based layer was extracted with 3:1 GBI,—THF (30 mL x 3), the organic
compounds. Interestingly, however, the set of analogues)es(  layer was collected and dried (b&0s), and the solvent was
examined revealed that in every instance the compounds areemoved under reduced pressure. The product was purified by
actually inverse agonists for thiereceptor. While this activity ~ Preparative TLC [silica gel plate, 50% (80% CHC18% CHOH,

was narrowly defined within a specific set of structural elements, 27° NFWOH) in CHCH] to afford the title compound (55.1 mg, 57%)

I as a white foam:*H NMR (CDCl) 6 7.35-7.18 (m, 5H), 7.09 (t,
we did find that ¢)-N-[(1S4R5R 79-5-(3-hydroxyphenyl)-  37,%25 Ho). 6.60 (m (3H) 5)78 @ 1H= 7f8 H2) )4.57 (rf]
4-methyl-2-(3-phenylpropyl)-2-azabicyclo[3.3.1]non-7-yl]-2- J ’ "5 6B 4 ) '

/ : 1H), 3.12-3.06 (m, 2H), 2.65 (d, 1HJ) = 12.3 Hz), 2.56-2.21
methyl-2-phenylpropanamidel&d), the dimethylphenylacet-  (y "gH), 2.14-1.94 (m, 3H), 1.82-1.51 (m, 5H), 0.94-0.72 (m,

amido analogue 05, is both more potent and more selective 2H), 0.63 (d, 3H, = 6.6 Hz);3C NMR (CDCk) 6 176.4, 157.1,

for the ¢ opioid receptor than the lead compound, showing 151.1, 144.1,129.6, 128.9, 127.2, 127.0, 116.6, 113.2, 112.7, 59.8,
picomolar activity Ke = 0.1 nM) in the f5S]GTPyS functional 58.5, 55.5, 47.0, 45.5, 43.5, 40.1, 38.0, 37.64, 37.60, 33.1, 31.6,
assay and selectivity ratios of 103- and 132-fold doversus 24.71, 24.68, 19.2; MS (APCiVz433.5 (M+ H)*. The free base
the u and« opioid receptors, respectively. Finally, the success (43.2mg, 0.1 mmol) was dissolved in @E,. HCI (1 M in diethyl

of the model in predicting the relative relationship between the €ther, 11quL, 1.1 equiv) solution was added to this, and the salt
two classes of “antagonists” may be further interpreted to was precipitated from the solution by adding diethyl ether (5 mL),

suggest that it is the occupation of different receptor domains ggi?gdoirg [ir]';d 4|_n4;h§) (\éaoc %%mM%\gﬂ)a;:g c()éeeén;gm Om,p
by the 2-amino N-substituents of these two classes of com- H,0) C, H N. P ' R ' ' srE
pounds that underlies the observation of neutral antagonist 2-[(118,4,R,55,78)-5-(3-Isopropoxyphenyl)-2,4-dimethyl-2-
activity for the naltrexone-based series and inverse agoniStazabicyclo[3.3.1]non-7-y|]-1—|-isoindole-l,S(Z—I)-dione (8).Amine
activity in the phenylmorphan series. 6 (800 mg, 2.64 mmol) was dissolved in toluene (25 mL), followed
by the addition of phthalic anhydride (1.19 g, 0.008 mol) and
refluxed under a DeanStark trap overnight. The solution was
_ cooled, washed wit 1 N NaOH (25 mLx 3) and water (25 mL)

H NMR spectra were determined on a Bruker 300 spectrometer gng dried (NaSQ,). The solvent was removed under reduced
using tetramethylsilane as an internal standard. Mass spectral datgyressure yielding crude product, which was purified by filtering
were obtained using a Finnegan LCQ electrospray mass spectromiprough a short column of neutral alumina (Brockman activity Ii-
eter in positive ion mode at atmospheric pressure. Silica gel 60 1y eluting with 50% ethyl acetate in hexanes to afford the title
(230-400 mesh) was used for column chromatography. All compound (0.726 g, 64%) as a white solid NMR (CDCly) 6
reactions were followed by thin-layer chromatography using 7 go-7.75 (m, 2H), 7.687.66 (m, 2H), 7.19 (t, 1HJ = 7.8 Hz),
Whatman silica gel 60 TLC plates and were visualized by UV or g g1—6.76 (m, 2H), 6.76-6.68 (m, 1H), 5.07 (m, 1H), 4.52 (sept,
by charring using 5% phosphomolybdic acid in ethanol. All solvents 1H, J = 6.0 Hz), 3.27-3.18 (m, 2H), 2.73 (d, 1H) = 12.3 Hz),
were reagent grade. Tetrahydrofuran and diethyl ether were driedy 482 41 (m, 4H), 2.36-2.11 (m, 5H), 2.06-1.96 (m, 1H), 1.32
over sodium benzophenone ketyl and distilled prior to use. (4 g4 J=6.0 Hz), 0.78 (d, 3H] = 6.9 Hz);13C NMR (CDCE)
Methylene chloride and chloroform were distilled from calcium 5 168 4 158.2, 151.3, 134.0, 132.1, 129.3, 123.2, 117.6, 113.8,
hydride if used as reaction solvents. HCl in dry diethyl ether was 112 5 69.9 58.6, 55.4, 46.6, 43.4, 42.7, 40.1, 38.0, 32.1, 26.6, 22.3,
purchased from Aldrich Chemical Co. and used while fresh before 18 9- | cMS (APCI)m/z 433.5 (M+ H)*.
discoloration. _ 2-[(1S,4R,55,79)-5-(3-Isopropoxyphenyl)-4-methyl-2-azabicyclo-

DAMGO, DPDPE, and?3 were obtained from NIDA and were (3 3 1]non-7-yl]-1H-isoindole-1,3(H)-dione (9). Phthalimide 8
prepared by Multiple Peptide Systems (San Diego, CASI (2.67 g, 0.0062 mol) was dissolved in dichloroethane and heated
GTPyS was obtained from Perkin-Elmer Inc. (Boston, MA). GEP {5 refiux under N followed by the addition of 1-chioroethyl
and GDP were obtained from Sigma Chemical Company (St. Louis, chloroformate (0.80 mL, 8.11 mmol). This solution was allowed
MO). to reflux for 4 h. The reaction mixture was allowed to cool to room

N-[(1S,4R,5R,7S)-5-(3-Isopropoxyphenyl)-2,4-dimethyl-2- temperature and then washed with a saturated sodium bicarbonate
azabicyclo[3.3.1]non-7-yl]-1-phenylcyclopentanecarboxamide (7a).  solution (150 mL) and water (250 mL). The solvent was removed
A 250 mL three-neck round-bottom flask was charged with)-( under reduced pressure. The residue was dissolved in methanol (150

Experimental Section

(1S4R,5R, 79)-5-(3-isopropoxyphenyl)-2,4-dimethyl-2-azabicyclo-
[3.3.1]nonan-7-amine6j (820 mg, 2.71 mmol), 1-cyclopentane-
carboxylic acid (1.03 g, 0.0054 mol), and dry THF (70 mL),
followed by the addition of triethylamine (1.9 mL, 13.55 mmol)

mL) and refluxed under Novernight. The methanol was removed,
and the crude product was not purified but carried directly to the
next step:'H NMR (CDCl) 6 7.78-7.76 (m, 2H), 7.67%7.65 (m,
2H), 7.19 (t, 1HJ = 7.8 Hz), 6.86-6.68 (m, 3H), 5.33 (m, 1H),

and BOP reagent (1.32 g, 2.98 mmol). The reaction mixture was 4.52 (sept, 1HJ = 6.0 Hz), 3.76 (dd, 1HJ = 13.8, 4.8 Hz), 3.58

stirred under N at room temperature overnight. The mixture was
diluted with diethyl ether (70 mL), washed consecutively with water
(200 mL), saturated NaHCG{100 mL), and brine (100 mlx 2),

and dried (NgSO,). The solvent was removed under reduced

(br, 1H), 2.86 (d, 1HJ = 13.8 Hz), 2.63 (td, 1HJ = 12.9, 4.2
Hz), 2.18-2.32 (m, 5H), 1.92-1.96 (m, 2H), 1.32 (d, 6H] = 6.0
Hz), 0.72 (d, 3HJ = 6.9 Hz);13C NMR (CDCk) 6 168.1, 157.9,
151.3, 133.8, 131.8, 129.1, 122.9, 117.1, 113.4, 112.4, 69.6, 49.5,

pressure, and the product was purified by flash chromatography 48.6, 46.6, 42.3, 40.4, 37.4, 34.6, 31.0, 22.0, 17.1; LCMS (APCI)

[silica gel, 20% (80% CHGJ 18% CHOH, 2% NH,OH) in CHCL]

to afford the title compound as a white foam (1.01 g, 78%):
NMR (CDCl) ¢ 7.38-7.16 (m, 6H), 6.7+6.65 (m, 3H), 4.7+
4.46 (m, 3H), 3.133.08 (m, 2H), 2.641.52 (m, 18H), 1.32 (d,
6H, J = 6.0 Hz), 0.99-0.90 (m, 1H), 0.70 (d, 3HJ = 6.9 Hz);
13C NMR (CDCk) 6 175.9, 158.0, 151.3, 144.2, 129.2, 128.7,

m/'z419.9 (M+ H)*.
2-[(1S,4R,5S,7S)-5-(3-Isopropoxyphenyl)-4-methyl-2-(3-
phenylpropyl)-2-azabicyclo[3.3.1]non-7-yl]-H-isoindole-
1,3(H)-dione (10). To a solution of amined (2.66 mmol) in
anhydrous 1,2-dichloroethane (60 mL) was added hydrocinnam-
aldehyde (0.34 mL, 2.32 mmol) and NaBH(OA¢y36 mg, 3.47

126.85, 126.81, 117.4, 113.6, 112.2, 69.7, 59.1, 58.0, 54.9, 46.7,mmol), and the resulting mixture was stirred overnight. The reaction
44.8,43.0,39.8, 37.4, 37.0, 36.9, 32.7, 31.2,29.7, 24.1, 22.1, 18.6.mixture was washed with saturated NaHC@5 mL), and the

(+)-N-[(1S,4R,5R, 7S)-5-(3-Hydroxyphenyl)-2,4-dimethyl-2-
azabicyclo[3.3.1]non-7-yl]-1-phenylcyclopentanecarboxamide (7b).
A solution of 7a (107 mg, 0.225 mmol) in glacial acetic acid (3
mL) and 48% HBr (3 mL) was heated to reflux overnight. The

aqueous layer was back-extracted with ethyl acetate (452l

The combined organic layers were dried over MgSeénd the
solvent was removed at reduced pressure. This material was purified
by flash chromatography (ADs, 5% EtOAc in hexanes) to afford

reaction mixture was allowed to cool to room temperature, added the title compound as a white solid (1.07 g, 75% yield fr8n
to ice (10 g), and adjusted to pH 14 with 50% NaOH. The aqueous H NMR (CDCl3) ¢ 7.78-7.76 (m, 2H), 7.687.65 (m, 2H), 7.36-
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7.16 (m, 6H), 6.8+6.77 (m, 2H), 6.76-6.67 (M, 1H), 5.11 (m,
1H), 4.52 (sept, 1HJ = 6.0 Hz), 3.27 (br, 1H), 3.11 (dd, 1H,=
12, 4.8 Hz), 2.77 (d, 1H) = 11.4 Hz), 2.67 (m, 2H), 2.582.52
(M, 2H), 2.46-2.41 (m, 1H), 2.29-2.14 (m, 5H), 1.94 (d, 1H] =
12.3 Hz), 1.80 (pentet, 2H,= 7.5 Hz), 1.32 (d, 6HJ = 6.0 Hz),
0.77 (d, 3HJ = 6.9 Hz);13C NMR (CDCL) ¢ 168.2, 157.9, 151.2,
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salt of the title compound as an off-white solid (51.3 mg, 98%):
mp 157.5-159.5°C; [a]?% +36.5 (c 3.80, CHCY). Anal. (GesHaz
CIN,O,-H,0) C, H, N.
(+)-N-[(1S,4R,5R,79)-5-(3-Hydroxyphenyl)-4-methyl-2-(3-
phenylpropyl)-2-azabicyclo[3.3.1]non-7-yl]-1-phenyl-1-cyclohex-
anecarboxamide (13b)A 50 mL round-bottom flask was charged

142.5,133.8,132.0, 129.1, 128.5, 128.2, 125.6, 123.0, 117.5, 113.7with amine12 (48 mg, 0.132 mmol) and 1-phenyl-1-cyclohexane-
112.4,69.7,55.7,54.4,54.0, 46.5, 42.5, 40.5, 37.9, 33.3, 31.9, 29.4 carboxylic acid (29.6 mg, 0.145 mmol), and the mixture was

27.6, 22.1, 18.6; LCMS (APCIy/z 537.5 (M+ H)™.

(1S,4R,5R, 79)-5-(3-Isopropoxyphenyl)-4-methyl-2-(3-phenyl-
propyl)-2-azabicyclo[3.3.1]nonan-7-amine (11)Hydrazine (295
uL, 9.40 mmol) was added to a solution of phthalimi®(1.01 g,
0.0019 mol) in ethanol (70 mL), and the reaction mixture was
refluxed under Mfor 4.5 h. The reaction mixture was allowed to
cool to room temperature. Removal of the solvent yielded a white
solid crude product, which was dissolved in &Hp (15 mL). The
heterogeneous solution was filtered through a fritted funnel with
several CHCIl, washes. The filtrate was concentrated and dried on
the vacuum pump to afford the title compound as a yellow oil in
almost quantitative yield*H NMR (CDCl;) 6 7.30-7.18 (m, 6H),
6.81-6.70 (m, 3H), 4.54 (sept, 1H} = 6.0 Hz), 3.53 (m, 1H),
3.16 (m, 1H), 2.89 (dd, 1H] = 12.0, 4.8 Hz), 2.682.62 (m, 3H),
2.52-2.47 (m, 2H), 2.37#2.32 (m, 3H), 2.13 (m, 1H), 1.841.59
(m, 5H), 1.33 (d, 6HJ = 6.0 Hz), 1.17 (dd, 1H) = 13.8, 11.4
Hz), 0.97 (m, 1H), 0.74 (d, 3H] = 7.2 Hz); LCMS (APCIl)m/z
407.7 (M+ H)*.

3-[(1S,4R,5R,7S)-7-Amino-4-methyl-2-(3-phenylpropyl)-2-
azabicyclo[3.3.1]non-5-yl]phenol (12)A solution of aminell
(2.41 mmol) in glacial acetic acid (11 mL) and 48% HBr (11 mL)
was heated to reflux for 17 h. The reaction mixture was allowed to
cool to room temperature. Ice (40 g) was added to the mixture,
and the pH of the mixture was adjusted to 14 with 50% NaOH.
This mixture was extracted with 3:1 GEI,—THF (70 mL x 3),
the organic layer was collected and dried £8l@;), and the solvent

dissolved in dry THF (10 mL), followed by the addition of
triethylamine (40uL, 0.290 mmol) and BOP reagent (64.1 mg,
0.145 mmol). The reaction mixture was stirred undgraroom
temperature for 2.5 h. The mixture was diluted with diethyl ether
(10 mL), washed consecutively with water (10 mL), saturated
NaHCQ; (10 mL), and brine (10 mLx 2), and dried (Ng8Qy).

The solvent was removed under reduced pressure, and the product
was purified by preparative TLC [silica gel plate, 50% (80% C¥ICI
18% CHOH, 2% NH,OH) in CHCk and then silica gel plate 49%
hexanes/49% acetone/2%M} to afford the title compound as an
off-white solid (42.9 mg, 59%):H NMR (CDCl) 6 7.33-7.31

(m, 4H), 7.28-7.21 (m, 3H), 7.1#7.11 (m, 4H), 6.7%6.64 (m,

3H), 4.78 (d, 1H,J = 7.8 Hz), 4.63 (m, 1H), 3.10 (br, 1H), 3.01
(m, 1H), 2.69-2.58 (m, 3H), 2.552.44 (m, 2H), 2.32-2.12 (m,

6H), 1.98 (m, 2H), 1.791.71 (m, 2H), 1.63-1.36 (m, 8H), 0.92

(m, 1H), 0.75-0.67 (M, 4H);13C NMR (CDClk) ¢ 175.8, 156.7,
151.7,143.4,142.6, 129.6, 129.1, 128.7, 128.5, 127.0, 126.9, 125.8,
116.9, 113.2, 112.7, 55.7, 54.4, 53.6, 51.0, 46.8, 46.1, 45.1, 40.5,
37.6, 34.7, 34.5, 33.6, 32.8, 32.0, 29.4, 26.0, 23.0, 18.8; LCMS
(APCIl) m/z551.8 (M+ H)*. The free base (42.9 mg, 0.078 mmol)
was dissolved in CECl, (3 mL), and to this was added HCI (1 M

in diethyl ether, 86.L, 1.1 equiv). The solvent was removed under
reduced pressure, and the product was dried in the vacuum oven at
50 °C overnight to afford the hydrochloride salt of the title
compound as an off-white solid (43.7 mg, 93%): mp 157169.0

°C; [0]?% +32.0° (c 1.11, CHCY). Anal. (G7H47CIN,O2°H,0) C,

was removed under reduced pressure. The product was purified byH, N.

flash chromatography [silica gel, 50% (80% CHQI8% CHOH,
2% NH,OH) in CHC] to afford the title compound as an off-
white foam (0.546 g, 62%)IH NMR (CDCL) 6 7.29-7.24 (m,
2H), 7.19-7.11 (m, 4H), 6.686.60 (m, 3H), 3.59 (m, 1H), 3.17
(br, 2H), 2.86 (dd, 1H) = 7.2, 4.8 Hz), 2.692.61 (m, 3H), 2.5%
2.46 (m, 2H), 2.42-2.32 (m, 4H), 2.10 (m, 1H), 1.79 (m, 2H),
1.58 (d, 1H,J = 12.0 Hz), 1.26-1.16 (m, 1H), 1.06-0.98 (m,
1H), 0.72 (d, 3HJ = 6.9 Hz).
(+)-N-[(1S,4R,5R,79)-5-(3-Hydroxyphenyl)-4-methyl-2-(3-
phenylpropyl)-2-azabicyclo[3.3.1]non-7-yl]-1-phenyl-1-cyclo-
butanecarboxamide (13a).A 50 mL round-bottom flask was
charged with aminel2 (48 mg, 0.132 mmol) and 1-phenyl-1-
cyclobutanecarboxylic acid (25.6 mg, 0.145 mmol), and then the
mixture was dissolved in dry THF (10 mL), followed by the addition
of triethylamine (4QuL, 0.290 mmol) and BOP reagent (64.1 mg,
0.145 mmol). The reaction mixture was stirred undegraroom
temperature for 2.5 h. The mixture was diluted with diethyl ether
(10 mL), washed consecutively with water (10 mL), saturated
NaHCG; (10 mL), and brine (10 mLx 2), and dried (Ng5Oy).

(+)-N-[(1S,4R,5R,79)-5-(3-Hydroxyphenyl)-4-methyl-2-(3-
phenylpropyl)-2-azabicyclo[3.3.1]non-7-yl]-1-phenyl-1-cyclohep-
tanecarboxamide (13c)A 50 mL round-bottom flask was charged
with amine12 (37.4 mg, 0.102 mmol) and 1-phenyl-1-cyclohep-
tanecarboxylic acid (24.6 mg, 0.112 mmol), and the mixture was
dissolved in dry THF (10 mL), followed by the addition of
triethylamine (32:L, 0.224 mmol) and BOP reagent (51 mg, 0.112
mmol). The reaction mixture was stirred underp &t room
temperature for 1.5 h. The mixture was diluted with diethyl ether
(10 mL), washed consecutively with water (10 mL), saturated
NaHCG; (10 mL), brine (10 mLx 2), and dried (Ng5COy). The
solvent was removed under reduced pressure, and the product was
purified twice by preparative TLC (silica gel plate, hexanes
acetone-triethylamine, 65:33:2) and [silica gel plate, 33% (80%
CHCl;, 18% CHOH, 2% NHOH) in CHCL] to afford the title
compound as a white solid (37.9 mg, 66%H NMR (CDCl) ¢
7.33-7.31 (m, 4H), 7.287.20 (m, 3H), 7.1#7.11 (m, 4H), 6.69-
6.64 (m, 3H), 4.78 (d, 1HJ = 7.8 Hz), 4.63 (m, 1H), 3.10 (br,
1H), 3.01 (m, 1H), 2.692.58 (m, 3H), 2.53-2.40 (m, 2H), 2.32

The solvent was removed under reduced pressure, and the produc2.10 (m, 6H), 1.98 (m, 2H), 1.791.71 (m, 3H), 1.66-1.36 (m,

was purified by preparative TLC [silica gel plate, 50% (80% CHCI
18% CHOH, 2% NH,OH) in CHCJ] to afford the title compound

as an off-white solid (50 mg, 73%)*H NMR (CDCl3) 6 7.35—
7.11 (m, 11H), 6.686.65 (m, 3H), 4.684.60 (m, 2H), 3.12 (br,
1H), 3.02 (dd, 1HJ = 7.8, 4.5 Hz), 2.842.80 (m, 1H), 2.74
2.67 (m, 2H), 2.60 (t, 2H) = 7.8 Hz), 2.52-2.40 (m, 4H), 2.3%
2.30 (m, 3H), 2.1#2.11 (m, 2H), 1.89-1.75 (m, 3H), 1.51 (d,
1H, J = 12.0 Hz), 0.92 (m, 1H), 0.760.67 (M, 4H);13C NMR
(CDCls) 6 175.8, 156.4, 151.5, 144.4, 142.4, 129.4, 128.8, 128.5,

8H), 0.92 (m, 1H), 0.750.67 (m, 4H);**C NMR (CDCk) 6 177.4,
156.1, 151.7, 145.2, 142.5, 129.4, 128.7, 128.5, 128.2, 126.8, 126.7,
125.6, 117.0, 112.8, 112.4,55.5, 54.2, 53.4, 46.5, 44.8, 40.3, 37.47,
37.42,37.2,33.4,32.6,31.8, 29.9, 29.3, 24.18, 24.14, 18.6; LCMS
(APCI)n/z565.6 (M+ H)*. The free base (37.9 mg, 0.0671 mmol)
was dissolved in CECl, (3 mL), and to this was added HCI (1 M

in diethyl ether, 80.5«L, 1.2 equiv). The solvent was removed
under reduced pressure, and the product was dried in the vacuum
oven at 50°C overnight to afford the hydrochloride salt of the title

128.2, 126.9, 126.3, 125.6, 116.8, 112.9, 112.4, 55.6, 54.2, 53.3,compound as an off-white solid (41.2 mg, 99.9%): mp 1335
52.7,46.7, 45.0, 40.3, 37.4, 33.4, 32.6, 32.2, 31.8, 29.2, 18.6, 16.6;°C; [0]*’% +28.5 (c 0.88, CHCI,). Anal. (GgH49CIN,0,-0.75H0)

LCMS (APCIl)nV/z523.8 (M+ H)™. The free base (49 mg, 0.0937
mmol) was dissolved in C¥Cl, (3 mL), and to this solution was
added HCI (1 M in diethyl ether, 108L, 1.1 equiv). The solvent

C, H, N.
(+)-N-[(1S,4R,5R,79)-5-(3-Hydroxyphenyl)-4-methyl-2-(3-
phenylpropyl)-2-azabicyclo[3.3.1]non-7-yl]-2-methyl-2-phenyl-

was removed under reduced pressure, and the product was driegpropanamide (13d).A 50 mL round-bottom flask was charged

in the vacuum oven at 48C overnight to afford the hydrochloride

with amine 12 (35.5 mg, 0.0974 mmol) and 2-methyl-2-phenyl-
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propionic acid (17.6 mg, 0.107 mmol), and the mixture was
dissolved in dry THF (10 mL), followed by the addition of
triethylamine (30uL, 0.214 mmol) and BOP reagent (47.3 mg, 11H), 6.66-6.60 (m, 3H), 5.05 (d, 1H] = 6.0 Hz), 4.62 (m, 1H),
0.107 mmol). The reaction mixture was stirred undegraroom 3.49 (q, 1H,J = 7.2 Hz), 3.15 (br, 1H), 2.99 (dd, 1H,= 12.3,
temperature for 2.5 h. TLC showed complete consumption of the 4.8 Hz), 2.69-2.48 (m, 5H), 2.322.04 (m, 4H), 1.78-1.72 (m,
starting material12). The reaction mixture was diluted with diethyl ~ 2H), 1.49 (d, 4H,J = 6.9 Hz), 0.85 (m, 2H), 0.66 (d, = 6.9 Hz);
ether (10 mL), washed consecutively with water (10 mL), saturated **C NMR (CDCk) 6 174.2, 156.9, 151.5, 142.5, 141.1, 129.6, 129.2,
NaHCG; (10 mL), and brine (10 mLx 2), and dried (Ng5Oy). 128.7, 128.4, 127.8, 127.6, 125.9, 116.7, 113.2, 112.7, 55.9, 54 .4,
The solvent was removed under reduced pressure, and the producb3.4, 47.4, 46.8, 45.2, 40.4, 37.5, 33.6, 32.6, 32.0, 29.2, 18.8; LCMS
was purified by preparative TLC [silica gel plate, 49% hexanes/ (APCI) m/z498.0 (M+ H)*. The free base (68 mg, 0.137 mmol)

CH30H, 2% NH,OH) in CHCE] to afford the title compound as a
white foam (68 mg, 64%):'H NMR (CDCl;) d 7.30-7.07 (m,

49% acetone/2% Bl and then silica gel plate 50% (80% CHCI
18% CHOH, 2% NH,OH) in CHCJ] to afford the title compound
as an off-white solid (37.0 mg, 74%JfH NMR (CDCl) 6 7.31—

7.10 (m, 11H), 6.66 (m, 3H), 4.757.63 (m, 2H), 3.15 (br, 1H),
3.04 (dd, 1HJ = 12, 4.2 Hz), 2.73-2.53 (m, 5H), 2.53 (m, 3H),
2.14 (m, 1H), 1.77 (m, 2H), 1.53 (d, 7H,= 6.0 Hz), 0.93 (m,
1H), 0.81-0.69 (m, 4H);:3C NMR (CDCk) 6 177.1, 156.3, 151.4,

144.8,142.3,129.4,128.7, 128.5, 128.2, 127.1, 126.4, 125.7, 116.9,
112.9, 112.4, 55.6, 54.2, 53.4, 46.9, 46.5, 45.0, 40.2, 37.4, 33.3,

32.5,31.7, 29.0, 27.2, 27.0, 18.6; LCMS (AP@#)z 511.5 (M+
H)*. The free base (37.0 mg, 0.0724 mmol) was dissolved in
CH,ClI; (3 mL), and to this was added HCI (1 M in diethyl ether,

was dissolved in CECl, (3 mL), and to this was added HCI (1 M

in diethyl ether, 164L, 1.2 equiv). The solvent was removed under
reduced pressure, and the product was dried in the vacuum oven at
50 °C overnight to afford the hydrochloride salt of the title
compound as an off-white solid (75 mg, 99.9%): mp 1885

°C; [0]® +43.9 (c 0.84, MeOH). Anal. (GH43CIN20,+0.75H,0)

C, H, N.
(+)-N-[(1S,4R,5R,79)-5-(3-Hydroxyphenyl)-4-methyl-2-(3-
phenylpropyl)-2-azabicyclo[3.3.1]non-7-yl]-1-(4-methoxyphenyl)-
1-cyclopentanecarboxamide (14a)A 50 mL round-bottom flask
was charged with aminé2 (53.8 mg, 0.148 mmol) and 1-(4-
methoxyphenyl)-1-cyclopentanecarboxylic acid (38.0 mg, 0.164

80uL, 1.1 equiv). The solvent was removed under reduced pressure,mmol), and the mixture was dissolved in dry THF (10 mL),

and the product was dried in the vacuum oven atG®vernight
to afford the hydrochloride salt of the title compound as an off-
white solid (40.4 mg, 99%): mp 1475849.5°C; [a]*% +36.5
(C 1.03, CHC&) Anal. (C34H43C|N202’H20) C, H, N.
(+)-2-Ethyl-N-[(1S,4R,5R, 7S)-5-(3-hydroxyphenyl)-4-methyl-
2-(3-phenylpropyl)-2-azabicyclo[3.3.1]non-7-yl]-2-phenylbutan-
amide (13e).A 50 mL round-bottom flask was charged with amine
12(39.4 mg, 0.108 mmol) and 2-ethyl-2-phenylbutyric acid (22.8
mg, 0.118 mmol), and the mixture was dissolved in dry THF (10
mL), followed by the addition of triethylamine (33, 0.236 mmol)
and BOP reagent (53.8 mg, 0.118 mmol). The reaction mixture
was stirred under Nat room temperature for 1.5 h. The mixture
was diluted with diethyl ether (10 mL), washed consecutively with
water (10 mL), saturated NaHG@10 mL), and brine (10 mLx
2), and dried (Ng50y). The solvent was removed under reduced
pressure, and the product was purified twice by preparative TLC
[silica gel plate, hexanesacetone-ammonium hydroxide, 49:49:
2, and silica gel plate 50% (80% CHC18% CHOH, 2% NH,OH)
in CHCI4] to afford the title compound as a white solid (37.7 mg,
65%): *H NMR (CDCl;) 6 7.32-7.10 (m, 11H), 6.66 (m, 3H),
4.74 (m, 2H), 3.14 (br, 1H), 3.06 (dd, 18= 11.7, 3.3 Hz), 2.72
2.53 (m, 5H), 2.37#2.28 (m, 3H), 2.14 (m, 1H), 2.651.88 (m,
4H), 1.77 (m, 2H), 1.52 (d, 1H] = 12 Hz), 0.97 (t, 1HJ = 12
Hz), 0.79-0.61 (m, 10H)23C NMR (CDCk) 6 175.9, 156.4, 151.4,

143.1,142.4,129.4,128.5, 128.4, 128.3, 127.4, 126.8, 125.7, 116.7

113.0, 112.4, 55.6, 54.5, 54.2, 53.5, 46.6, 44.9, 40.3, 37.5, 33.4
32.5, 31.9, 29.1, 27.41, 27.35, 18.6, 8.5, 8.3; LCMS (APGYH
539.7 (M+ H)*. The free base (37.7 mg, 0.07 mmol) was dissolved
in CH,CI; (3 mL), and to this was added HCI (1 M in diethyl ether,

84ul, 1.2 equiv). The solvent was removed under reduced pressure

and the product was dried in the vacuum oven atG®vernight
to afford the hydrochloride salt of the title compound as an off-
white solid (39.9 mg, 94%): mp 150152 °C; [a]?% +31.9 (c
1.03, CHCI,). Anal. (GsH47CIN2O»+1.75H0) C, H, N.
(+)-(2R)-N-[(1S,4R,5R, 7S)-5-(3-Hydroxyphenyl)-4-methyl-2-
(3-phenylpropyl)-2-azabicyclo[3.3.1]non-7-yl]-2-phenylpropan-
amide (13f).A 50 mL round-bottom flask was charged with amine
12 (77.9 mg, 0.214 mmol) and_j-2-phenylpropanoic acid (36.4
mg, 0.235 mmol), and the mixture was dissolved in dry THF (20
mL), followed by the addition of triethylamine (6d., 0.47 mmol)
and BOP reagent (103.9 mg, 0.235 mmol). The reaction mixture
was stirred under Nat room temperature for 2.5 h. The mixture

followed by the addition of triethylamine (44, 0.326 mmol) and
BOP reagent (73.8 mg, 0.162 mmol). The reaction mixture was
stirred under N at room temperature for 2.5 h. The mixture was
diluted with diethyl ether (10 mL), washed consecutively with water
(10 mL), saturated NaHC{X10 mL), and brine (10 mlx 2), and
dried (Na&SQy). The solvent was removed under reduced pressure,
and the product was purified by preparative TLC [silica gel, 50%
(80% CHC}, 18% CHOH, 2% NH,OH) in CHCL] to afford the
title compound (82 mg, 98%) as a white foadti NMR (CDCls)
0 7.31-7.08 (m, 8H), 6.836.80 (m, 2H), 6.686.63 (m, 3H),
4.81-4.79 (m, 1H), 4.58 (m, 1H), 3.76 (s, 3H), 3.14 (br, 1H), 3.01
(dd, 1H,J = 12.0, 4.5 Hz), 2.761.52 (m, 21H), 0.90 (t, 1H) =
12.3 Hz), 0.731 (m, 1H), 0.67 (d, 3H, = 6.9 Hz); 13C NMR
(CDCly) 6 176.7, 158.4, 156.7, 151.4, 142.3, 135.7, 129.3, 128.5,
128.2, 128.0, 125.6, 116.5, 114.1, 112.9, 112.5, 58.4, 55.6, 55.2,
54.2, 53.3, 46.6, 45.0, 40.2, 37.4, 37.15, 37.11, 36.9, 33.4, 32.5,
31.7, 29.0, 24.0, 18.6; MS (APCiWwz 567.6 (M+ H)™. The free
base was dissolved in GBI, and to this was added HCI (1 M in
diethyl ether, 16QL, 1.1 equiv). The solvent was removed under
reduced pressure to yield an off-white solid. This product was
purified by dissolving in CHLCl,, then precipitated from the solution
by adding diethyl ether, filtered, and dried in the vacuum oven at
50 °C overnight: mp 142.5144.5°C; [a]?%, +24.5 (c 0.84,
CHCly). Anal. (G7H47CIN2O5:1.25H:,0) C, H, N.
(+)-1-(4-Fluorophenyl)-N-[(1S,4R,5R, 7S)-5-(3-hydroxyphenyl)-

‘4-methyl-2-(3-phenylpropyl)-2-azabicyclo[3.3.1]non-7-yl]-1-cy-
'clopentanecarboxamide (14b)A 50 mL round-bottom flask was

charged with amind.2 (62.5 mg, 0.171 mmol) and 1-(4-fluoro-
phenyl)-1-cyclopentanecarboxylic acid (40.7 mg, 0.192 mmol), and
the mixture was dissolved in dry THF (10 mL), followed by the

'addition of triethylamine (52L, 0.376 mmol) and BOP reagent

(85.8 mg, 0.188 mmol). The reaction mixture was stirred under N
at room temperature for 2.5 h. The mixture was diluted with diethyl
ether (10 mL), washed consecutively with water (10 mL), saturated
NaHCG; (10 mL), and brine (10 mLx 2), and dried (Ng5Oy).

The solvent was removed under reduced pressure, and the product
was purified by preparative TLC [silica gel, 50% (80% CHICI
18% CHOH, 2% NH,OH) in CHCJ] to afford the title compound
(88.3 mg, 93%) as a white foaniH NMR (CDCls) 6 7.36-6.86

(m, 10H), 6.68-6.62 (m, 3H), 4.81 (m, 1H), 4.59 (m, 1H), 3.15
(br, 1H), 2.98 (m, 1H), 2.742.30 (m, 10H), 2.081.49 (m, 11H),
0.93 (t, 2H,J = 12.0 Hz), 0.75 (t, 1HJ = 12.0 Hz), 0.67 (d, 3H,

J = 6.0 Hz);3C NMR (CDCk) 6 175.9, 161.6 (dJcr = 246.0

was diluted with diethyl ether (20 mL), washed consecutively with Hz), 156.7, 151.2, 142.2, 139.5, 129.3, 128.4, 128.3, 128.2, 125.6,
water (20 mL), saturated NaHG@20 mL), and brine (20 mLx 116.6, 115.5 (dJcr = 21.1 Hz), 112.9, 112.5, 58.6, 55.6, 54.2,
2), and dried (Ng50y). The solvent was removed under reduced 53.2, 46.5, 45.1, 40.1, 37.3, 37.04, 36.99, 33.3, 32.3, 31.6, 28.9,
pressure, and the product was purified by silica gel chromatography 23.84, 23.81, 18.6; MS (APCHvz556.0 (M+ H)*. The free base
using an ISCO chromatography systemBD% (80% CHGCJ, 18% was dissolved in CkCl,, and to this was added HCI (1 M in diethyl
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ether, 17%L, 1.1 equiv). The solvent was removed under reduced  (+)-N-[(1S,4R,5R,7S)-5-(3-Hydroxyphenyl)-4-methyl-2-(3-
pressure to yield an off-white solid. This product was purified by phenylpropyl)-2-azabicyclo[3.3.1]non-7-yl]-1-(2-thienyl)cyclo-
dissolving in CHCIl,, then precipitated from the solution by adding pentanecarboxamide (14e)A 50 mL round-bottom flask was
diethyl ether, filtered, and dried in the vacuum oven at°&0 charged with aminé&2 (35.4 mg, 0.0971 mmol) and 1-(2-thienyl)-

overnight: mp 148152°C; [a]?% +25.1° (c 0.75, CHC}). Anal. cyclopentanecarboxylic acid (20.96 mg, 0.107 mmol), and the
(C36H44CIFN,0,:1.25H,0) C, H, N. mixture was dissolved in dry THF (10 mL), followed by the addition
(+)-N-[(1S,4R,5R, 7S)-5-(3-Hydroxyphenyl)-4-methyl-2-(3- of triethylamine (3QuL, 0.214 mmol) and BOP reagent (47.32 mg,

phenylpropyl)-2-azabicyclo[3.3.1]non-7-yl]-1-(1-naphthyl)cyclo- 0.107 mmol). The reaction mixture was §tirred u_nd@rat\l room
pentanecarboxamide (14c)A 50 mL round-bottom flask was temperature for 3 h. The mixture was diluted with diethyl ether
charged with amin&2 (34.1 mg, 0.0933 mmol) and 1-(1-naphthyl)- (10 mL), washed consec_:utlvely with water (10_ mL), saturated
cyclopentanecarboxylic acid (24.3 mg, 0.103 mmol), and the NaHCG; (10 mL), and brine (10 mLx 2), and dried (N&50,).
mixture was dissolved in dry THF (10 mL), followed by the addition 1 n€ solvent was removed under reduced pressure, and the product
of triethylamine (2L, 0.206 mmol) and BOP reagent (45.4 mg, was purified by preparative TLC [silica gel plate, 5.0% (80% CHCl
0.103 mmol). The reaction mixture was stirred undgraroom 18% CH”OH' 2% NHOH) in C';'Cb] to afford the title compound
temperature for 3 h. The mixture was diluted with diethyl ether @S & White foam (42.9 mg, 81%}H NMR (CDC) ¢ 7.28-7.11

(10 mL), washed consecutively with water (10 mL), saturated (m, 7H), 6.94-6.89 (m, 2H), 6.68-6.65 (M, 3H), 5.08 (d, 1H] =
; ; 7.8 Hz), 4.60 (m, 1H), 3.17 (br, 1H), 3.04 (dd, 1Bi= 12, 3.9
NaHCQ; (10 mL), and brine (10 mlx 2), and dried (Ng5Qy). 273231 (M. 100D, 2.122 06 (m. 3H) 184152 (m 8H
The solvent was removed under reduced pressure, and the producgzg)% £ 1M _(rlnz' 6 H), 0.84.0 76(3m’ l)|'_| "0.70 (d (r;, _)
was purified by preparative TLC [silica gel plate, 50% (80% CHCI 97 (¢, 1H,J = 12.6 Hz), 0. 76 (m, 1H), 0.70 (d, 3H) =

- : 6.9 Hz);13C NMR (CDCk) 6 175.1, 156.4, 151.3, 148.4, 142.3,
18% CHOH, 2% NH,OH) in CHCJ] to afford the title compound
as a white solid (45 mg, 82%)*H NMR (CDCL) & 7.93-7.90 129.4,128.5,128.2,127.1,125.7,125.1,124.8, 116.8, 112.9, 112.4,

(m, 1H), 7.81-7.78 (m, 1H), 7.73 (d, 1H] = 8.1 Hz), 7.48-7.35 56.6, 55.6, 54.2, 53.4,.46.5, 45.1, 40.2, 39.3, 39.2, 37'4i 33.3,32.4,
31.6, 29.0, 24.3, 18.6; LCMS (APCHvz 543.4 (M + H)*. The

(m, 4H), 2.27-2.22 (m, 2H), 7.16 (m, 3H), 7.07 (m, 1H), 663 free base (42.9 mg, 0.0790 mmol) was dissolved in@H(3 mL)

6.56 (m, 3H), 6.02 (br, 1H), 4.634.58 (m, 2H), 2.97 (m, 2H), ~ Mg, v. n '

and to this was added HCI (1 M in diethyl ether,/87, 1.1 equiv).
2.73-2.45 (m, 7H), 2.27_—2.10 (m, 6H), 1.87 (m, 2H_)’ 1.741.58 The solvent was removed under reduced pressure, and the product
(m, 4H), 1.31 (d, 1HJ = 12.1 Hz), 0.64 (d, 4H,) = 6.75 Hz), P P

0 was dried in the vacuum oven at 8C overnight to afford the
(1)%87(”1]’3:2)’1?1: 5'-,\“\{'59 %C?%)oél%7g4’121§g'11’2%;521'1'2(%‘52'{12‘5 8hydrochloride salt of the title compound as an off-white solid (45.5
125.7, 125.6, 124.9, 123.6, 117.0, 112.7, 112.3, 58.4, 55.4, 54.1, 19 96%): Mp 154.8156.0°C, [a]* +35.8 (C 1.06, CHCY).
53.3,46.3, 45.0, 40.1, 38.0, 37.5, 37.4, 33.3, 32.4, 31.4, 2.2, 25.0, "8 (CaHaCINZO,SH;0) C, H, N.

24.8, 18.5; LCMS (APCIynz 587.4 (M+ H)*. The free base (45 (+)-N-[(15,4R,5R, 75)-5-(3-Hydroxyphenyl)-4-methyl-2-(3-
mg, 0.0767 mmol) was dissolved in GEl, (3 mL), and to this phenylpropyl)-2-azabicyclo[3.3.1]non-7-yll-1-(3-thienyl)cyclo-

i : entanecarboxamide (14f).A 50 mL round-bottom flask was
was added HCI (1 M in diethyl ether, 84, 1.1 equiv). The solvent P . . g i
was removed under reduced pressure, and the product was drie(fharge<j with amind2 (36.3 mg, 0.0996 mmol) and 1~(3-thienyl)

; : : cyclopentanecarboxylic acid (21.5 mg, 0.109 mmol), and the
in the vacuum oven at 5T overnight to afford the hydrochloride . . . s
salt of the title compound as an %ff-white solid (4%/.1 mg, 99%): mixture was dissolved in dry THF (10 mL), followed by the addition

of triethylamine (3QuL, 0.214 mmol) and BOP reagent (48.8 mg,
mp 159-161°C; [a]?% +18.7 (c 0.98, CHC}). Anal. (CyoHar- : . .
CIN,01.5H0) C, H, N. 0.110 mmol). The reaction mixture was stirred undgrairoom

temperature for 3 h. The mixture was diluted with diethyl ether
(—)-N-(1S,4R,5R, 75)-{ 5-(3-Hydroxy)phenyl-4-methyl-2-(3- (10 mL), washed consecutively with water (10 mL), saturated
phenylpropyl)-2-azabicyclo[3.3.1]non-7-W-1-(naphthalen-2-yl)- NaHCQ; (10 mL), and brine (10 mLx 2), and dried (NgSQ).
cyclopentanecarboxamide (14d)A 50 mL round-bottom flask was  The solvent was removed under reduced pressure, and the product
charged with amind2 (39.1 mg, 0.107 mmol) and 1-(naphthalen-  was purified by preparative TLC [silica gel plate, 50% (80% CKiCI
2-yl)cyclopentanecarboxylic acid (28.3 mg, 0.118 mmol), and the 189 CHOH, 2% NH,OH) in CHCH] to afford the title compound
mixture was dissolved in dry THF (10 mL), followed by the addition 35 an off-white solid (42 mg, 78%)H NMR (CDCly) 6 7.29-
of triethylamine (35uL, 0.236 mmol) and BOP reagent (54 mg, 7.23 (m, 3H), 7.177.12 (m, 4H), 7.06 (m, 1H), 6.92 (dd, 1B=
0.118 mmol). The reaction mixture was stirred underairoom 4.8, 0.9 Hz), 6.66 (M, 3H), 4.88 (d, 18 = 7.8 Hz), 4.61 (m, 1H),
temperature for 3 h. The mixture was diluted with diethyl ether 3.14 (br, 1H), 3.28 (dd, 1H] = 12.0, 3.9 Hz), 2.742.51 (m, 5H),
(10 mL), washed consecutively with water (10 mL), saturated 2.43-2.24 (m, 5H), 2.14 (m, 1H), 2.621.97 (m, 2H), 1.86-1.76
NaHCG; (10 mL), and brine (10 mix 2), and dried (Ng5Qy). (m, 4H), 1.671.51 (m, 3H), 0.95 (t, 1HJ = 12.6 Hz), 0.76 (t,
The solvent was removed under reduced pressure, and the productH, J = 12 Hz), 0.69 (d, 3H,) = 6.9 Hz);13C NMR (CDCk) o
was purified twice by preparative TLC [silica gel plate, 50% (80% 175.7, 156.3, 151.5, 145.0, 142.4, 129.4, 128.5, 128.4, 128.2, 127.2,
CHCl3, 18% CHOH, 2% NH,OH) in CHCE and silica gel plate  126.7, 125.6, 120.9, 112.9, 112.4, 56.4, 55.5, 54.2, 53.4, 46.6, 45.0,
hexanes-acetone-triethylamine, 65:33:2] to afford the title com-  40.2, 37.6, 37.5, 37.4, 33.3, 32.5, 31.8, 29.1, 24.3, 18.6; LCMS
pound as a white solid (40.0 mg, 6498} NMR (CDCl) 6 7.81— (APCIl)mz543.4 (M+ H)*. The free base (42 mg, 0.0774 mmol)
7.76 (m, 3H), 7.72 (s, 1H), 7.507.42 (m, 2H), 7.35 (dd, 1H] = was dissolved in CkCl, (3 mL), and to this was added HCI (1 M
8.7, 1.5 Hz), 7.257.22 (m, 2H), 7.1#7.05 (m, 4H), 6.626.56 in diethyl ether, 85L, 1.1 equiv). The solvent was removed under
(m, 3H), 4.774.74 (m, 1H), 4.60 (m, 1H), 3.07 (br, 1H), 2.98 (m, reduced pressure, and the product was dried in the vacuum oven at
1H), 2.672.41 (m, 7H), 2.27#2.01 (m, 6H), 1.871.68 (m, 6H), 50 °C overnight to afford the hydrochloride salt of the title
4.41 (d, 1HJ = 11.7 Hz), 0.79-0.63 (m, 5H);33C NMR (CDClk) compound as an off-white solid (46.0 mg, 99%): mp 151163.0
0 176.0, 156.2, 151.5, 142.4, 141.3, 133.2, 132.3, 129.4, 128.6, °C; [0]?% +26.2 (c 0.97, CHC}). Anal. (G4H43CIN,0,+1.25H,0)
128.5, 128.2,128.0, 127.6, 126.4, 126.1, 125.9, 125.6, 124.6, 116.8C, H, N.
112.8, 112.4, 59.3, 55.5, 54.2, 53.3, 46.5, 45.1, 40.2, 37.3, 37.0, tert-Butyl (1S,4R,5R,7S)-7-Amino-5-(3-isopropoxyphenyl)-4-
33.4,32.4,31.6, 29.2, 24.2, 18.6; LCMS (AP@z 587.7 (M+ methyl-2-azabicyclo[3.3.1]Jnonane-2-carboxylate (15)riethyl-
H)*. The free base (40 mg, 0.0682 mmol) was dissolved in@H amine (5.25 mL, 37.7 mmol) and tert-butyl dicarbonate (8.48 g,

(3 mL), and to this was added HCI (1 M in diethyl ether, /5 0.038 mol) were added to a solution ®f(7.88 g, 0.019 mol) in

1.1 equiv). The solvent was removed under reduced pressure, andlichloromethane (250 mL). The reaction mixture was stirred at room
the product was dried in the vacuum oven at*&overnight to temperature for an hour. TLC showed complete consumption of
afford the hydrochloride salt of the title compound as an off-white the starting material. Removal of the solvent under reduced pressure
solid (41.6 mg, 95%): mp 159162 °C; [a]?% —74.3 (c 1.09, afforded a solid crude product. This material was dissolved in

CHCl). Anal. (GH47CIN,O2:H20) C, H, N. diethyl ether, and the insoluble solid was filtered and washed several



5606 Journal of Medicinal Chemistry, 2006, Vol. 49, No. 18 Thomas et al.

times with diethyl ether. The solvent was removed under reduced (m, 1H), 0.74 (d, 3HJ = 6.9 Hz);13C NMR (CDCk) ¢ 177.0,
pressure, and the residue was purified by flash column chroma-158.3, 150.4, 145.1, 129.6, 128.9, 127.2, 126.6, 117.2, 113.5, 112.7,
tography using an ISCO chromatography system (silica geb096 70.0, 48.7, 48.0,47.1, 46.4, 44.8, 40.0, 36.5, 30.4, 27.3, 27.2, 22.3,
ethyl acetate in hexanes) to gi¥8 as a white solid (7.92 g, 81%).  22.2, 17.6; MS (APCI)/z 435.6 (M+ H)*.

Rotamers of this compound were observed in‘th@nd'3C NMR N-[(1S,4R,5R,7S)-5-(3-Isopropoxyphenyl)-4-methyl-2-(2-phe-
spectra:'H NMR (CDCl;) 6 7.85-7.78 (m, 2H), 7.76-7.67 (m, noxyethyl)-2-azabicyclo[3.3.1]non-7-yl]-2-methyl-2-phenylpro-
2H), 7.19 (t, 1H,J = 7.8 Hz), 6.86-6.69 (m, 3H), 5.07 (m, 1H), panamide (17).To a solution of aminé.6 (125 mg, 0.288 mmol)

4.74-4.48 (m, 2H), 3.84-3.59 (m, 2H), 2.52 (ddd, 1Hl; = J, = in THF (anhydrous, 3 mL) was addgebromophenetole (57.6 mg,
12.9 Hz,J; = 3.6 Hz), 2.43-2.24 (m, 4H), 2.1+2.02 (m, 1H), 0.288 mmol), triethylamine (48L, 0.346 mmol), and tetrabutyl-
1.89 (m, 1H), 1.48 (d, 9H) = 2.7 Hz), 1.32 (d, 6HJ = 6.0 Hz), ammonium iodide (106 mg, 0.288 mmol). The reaction mixture

0.63 (d, 3HJ = 6.9 Hz);13C NMR (CDCk) ¢ 168.6, 158.3, 156.0, was stirred at room temperature for 3 days. The reaction mixture
150.4/150.2, 134.3, 132.3, 129.5, 123.5, 117.9, 114.4/114.2, 113.1 was diluted with CHCI, (10 mL), washed wit 1 N HCI and water,
80.0, 70.2, 48.8/48.6, 47.8/47.5, 46.0/45.8, 42.4, 40.6/40.3, 37.5/and dried over NaS{ This solution was concentrated under
37.2, 33.3/32.8, 31.2/30.7, 28.9, 22.5, 18.2/17.9. vacuum, and the residue was purified by flash chromatography
Hydrazine (2.9 mL, 91.2 mmol) was added to a solution of the [silica gel, 0-50% (80% CHCJ, 18% CHOH, 2% NHOH) in
phthalimide (9.46 g, 0.018 mol) in ethanol (500 mL), and the CHCI;] to afford the title compound as a yellow oil (81 mg, 51%)
reaction mixture was refluxed under,Nor 2.5 h. The reaction and the starting material (56 mgjH NMR (CDCls) 6 7.32-7.17
mixture was cooled to room temperature, and TLC [silica gel, 25% (m, 8H), 6.976.89 (m, 3H), 6.70 (m, 3H), 4.764.62 (m, 2H),
(80% CHC§, 18% CHOH, 2% NH,OH) in CHCk] showed 4.52 (hep, 1HJ) = 6.0 Hz), 4.22 (br, 2H), 3.40 (br, 1H), 3.31 (dd,
complete consumption of compour®d Removal of the solvent 1H,J = 12.6, 4.8 Hz), 3.08 (m, 2H), 2.92 (d, 1d,= 12.0 Hz),
under reduced pressure yielded a white solid residue, which was2.34 (m, 2H), 2.46-2.34 (m, 1H), 2.22 (pet, 1H, = 6.0 Hz), 1.60
dissolved in CHCI, (150 mL). The heterogeneous solution was (m, 1H), 1.54 (d, 6H) = 3.6 Hz), 1.32 (d, 6H) = 6.0 Hz), 1.06-
filtered through a fritted funnel, and the solid was washed several 0.88 (m, 2H), 0.76 (d, 3H] = 6.9 Hz);13C NMR (CDCk) 6 177.1,
times with CHCI,. The filtrate was concentrated under reduced 158.8,158.2, 150.7, 145.1, 129.7, 129.5, 128.9, 127.2, 126.6, 121.1,
pressure, and the residue was dried on vacuum pump to afford thel17.2, 114.9, 113.7, 70.0, 66.2, 56.5, 55.0, 54.6, 47.1, 46.5, 44.8,
titte compound (6.94 g, 98%) as a white foam. Rotamers of this 40.0, 37.5, 32.2, 27.4, 27.2, 22.3, 18.9; LCMS (AP@I} 555.8
compound were observed in thé and'3C NMR spectra:'H NMR M + H)*.
(CDCl) ¢ 7.21 (t, 1H,J = 7.8 Hz), 6.86-6.71 (m, 3H), 4.66- (+)-N-[(1S,4R,5R,79)-5-(3-Hydroxyphenyl)-4-methyl-2-(2-
4.41 (m, 2H), 3.59-3.43 (m, 3H), 2.44-2.12 (m, 4H), 1.63-1.42 phenoxyethyl)-2-azabicyclo[3.3.1]Jnon-7-yl]-2-methyl-2-phenyl-
(m, 11H), 1.33 (d, 6HJ = 6.0 Hz), 1.26-1.12 (m, 3H), 0.60 (d, propanamide (18). A solution of compoundl?7 (81 mg, 0.146
3H,J = 6.9 Hz);3C NMR (CDCk) 6 158.2, 155.9, 150.8/150.6,  mmol) in CH,Cl, (anhydrous, 20 mL) at78 °C was treated with
129.4, 117.7, 114.1, 112.9, 79.7, 70.0, 50.3/50.1, 48.6/48.4, 47.8/BBr3 (1 M solution in CHCl,, 1.5 mL). After 30 min, the reaction
47.3, 46.4/46.0, 41.0, 40.6/40.4, 37.2/37.0, 31.5/31.2, 28.7, 22.3, mixture was warmed to room temperature and was kept stirring
18.1/18.0. for an additional 2 h. The reaction mixture was cooled t&Q)
N-[(1S,4R,5S,7S)-5-(3-Isopropoxyphenyl)-4-methyl-2-azabicyclo- and the reaction was quenched with saturated Naf@6 mL).
[3.3.1]non-7-yl]-2-methyl-2-phenylpropanamide (16)A 500 mL The aqueous layer was separated and extracted witlCIgKLO
round-bottom flask was charged with amit®(2.02 g, 0.052 mol) mL x 2). The combined organic layers were washed with water
and 2-methyl-2-phenylpropionic acid (1.73 g, 0.01 mol) followed (30 mL x 2), dried over NaS@) and concentrated under vacuum.
by dry THF (130 mL), triethylamine (3.60 mL, 26.0 mmol), and The residue was purified by preparative TLC [silica gel plate, 25%
BOP reagent (2.60 g, 0.0057 mol). The reaction mixture was stirred (80% CHC}, 18% CHOH, 2% NH,OH) in CHCL] to give the
under N at room temperature for 4 h. TLC showed that the starting title compound as a white solid (44.4 mg, 59%H NMR (CDCly)
material was consumed completely. The mixture was diluted with 6 7.32-7.23 (m, 7H), 7.12 (t, 1HJ) = 7.8 Hz), 6.93-6.85 (m,
diethyl ether (130 mL), washed consecutively with water (150 mL), 3H), 6.68-6.65 (m, 3H), 4.784.66 (m, 2H), 4.06 (t, 2H)=5.4
saturated NaHC§(150 mL), and brine (150 mix 2), and dried Hz), 3.22-3.17 (m, 2H), 3.03-2.86 (m, 2H), 2.75 (d, 1HJ =
(Na;SOy). The solvent was removed under reduced pressure, and12.3 Hz), 2.42-2.30 (m, 3H), 2.14 (m, 1H), 1.54 (d, 7H,= 6.9
the product was purified by Combi Flash chromatography (silica Hz), 0.97-0.76 (m, 2H), 0.67 (d, 3HJ) = 6.9 Hz); 13C NMR
gel, 10-25% ethyl acetate in hexanes) to afford the title compound (CDCl;) 6 177.4, 159.0, 156.6, 151.5, 145.1, 129.6, 129.0, 127.4,
(2.60 g, 93%) as a white foam. Rotamers!t and 13C NMR 126.6, 120.9, 117.0, 114.9, 113.2, 112.6, 66.7, 56.5, 54.4, 54.3,
spectra were observedH NMR (CDCl) 6 7.36-7.17 (m, 6H), 47.1, 46.7, 45.2, 40.1, 37.6, 32.6, 32.3, 27.4, 27.2, 18.7; LCMS

6.72-6.64 (m, 3H), 4.76-4.63 (m, 2H), 4.584.40 (m, 2H), 3.75 (APCI)m/z513.6 (M+ H)*. The free base (44.4 mg, 0.0866 mmol)
3.57 (m, 2H), 2.472.42 (m, 1H), 2.22-2.13 (m, 3H), 1.52 (m, was dissolved in CECl, (3 mL), and to this was added HCI (1 M
7H), 1.46 (s, 9H), 1.32 (d, 6H] = 6.0 Hz), 1.04-0.96 (m, 2H), in diethyl ether, 104iL, 1.2 equiv). The solvent was removed under

0.58 (d, 3H,J = 6.9 Hz);13C NMR (CDCk) 6 177.1/176.9, 158.2, reduced pressure, and the product was dried in the vacuum oven at
155.9/155.5, 150.6/150.5, 145.1, 129.4, 128.9, 127.2, 126.6, 117.6 50 °C overnight to afford the hydrochloride salt of the title
113.8,112.9/112.6, 79.8/79.7, 70.0, 48.4, 47.8/47.4, 47.1/46.8, 46.3,compound as an off-white solid (41.4 mg, 84%): mp 3450

44.2, 40.3/40.2, 37.4, 36.8/36.7, 31.4/31.0, 28.7, 27.4/27.2, 22.3,°C; [0]?% + 37.1° (c 0.84, MeOH). Anal. (GsH4:CIN,O3-H,0)

17.8; MS (APCIl)myz 535.7 (M+ H)*. C, H, N.

To a solution of the amide (105 mg, 0.196 mmol) in £ (3 tert-Butyl (1S,4R,5R,7S)-5-(3-Isopropoxyphenyl)-4-methyl-7-
mL) at room temperature was added trifluoroacetic acid (230 {[(1-phenyl-1-cyclopentyl)carbonyllJaming -2-azabicyclo[3.3.1]-
2.98 mmol). After 1.5 h, TLC [25% (80% CH¢;118% CHOH, nonane-2-carboxylate (19a)A 100 mL round-bottom flask was

2% NH4;OH) in CHCE] showed complete consumption of the charged with aminel5 (459 mg, 1.18 mmol) and 1-phenyl-1-
starting material. The solvent and excess TFA were removed undercyclopentanecarboxylic acid (449 mg, 2.36 mmol), and the mixture
vacuum, the residue was dissolved in £ (10 mL) and made was dissolved in dry THF (30 mL), followed by the addition of
basic with saturated N&Os. The organic layer was dried (B&Oy) triethylamine (0.82 mL, 5.9 mmol) and BOP reagent (574 mg, 1.3
and concentrated under vacuum. The residue was purified by flashmmol). The reaction mixture was stirred under [t room
chromatography [silica gel,-860% (80% CHCJ, 18% CHOH, temperature for 4 h. The mixture was diluted with diethyl ether
2% NH;OH) in CHCL] to give the title compound as a colorless (50 mL), washed consecutively with water (30 mL), saturated
film (52.4 mg, 62%): IH NMR (CDCl) 6 7.31-7.17 (m, 6H), NaHCG; (30 mL), and brine (30 mLx 2), and dried (Nz5Oy).
6.71 (m, 3H), 4.77 (m, 2H), 4.52 (hep, 18,= 6.0 Hz), 3.73- The solvent was removed under reduced pressure, and the product
3.66 (m, 2H), 2.94 (d, 1H] = 13.8 Hz), 2.5%+2.21 (m, 4H), 1.58 was purified by flash chromatography (silica gel, 20% ethyl acetate
1.51 (m, 7H), 1.32 (d, 6H] = 6.0 Hz), 1.26-1.16, (m, 1H), 1.05 in hexanes) to afford the title compound (0.606 g, 92%) as a white
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foam. Rotamers of this compound were observed inltthend 1H), 2.18 (d, 1HJ = 12.0 Hz), 2.09 (m, 1H), 1.70 (d, 7H), 1.48
13C NMR spectra:'H NMR (CDCly) 6 7.34-7.14 (m, 6H), 6.72 1.39 (m, 4H), 0.79 (d, 3H] = 6.9 Hz);13C NMR (CsDsN) 6 176.7,
6.63 (m, 3H), 4.774.39 (m, 4H), 3.733.57 (m, 2H), 2.431.45 159.6, 153.4, 147.5, 130.3, 129.3, 127.3,127.2, 116.8, 113.9, 113.8,
(m, 22H), 1.32 (d, 6HJ = 6.0 Hz), 0.97 (t, 2HJ = 12.5 Hz), 50.0, 49.4, 47.62, 47.58, 46.2, 41.4, 40.1, 38.2, 32.6, 28.5, 27.8,
0.57 (d, 3H,J = 6.9 Hz);13C NMR (CDCk) 6 176.0/175.8, 157.9, 18.0.
155.6/155.3, 150.4, 144.1/144.0, 129.2, 128.7, 126.9, 126.8, 117.4, (1)-N-{(1S 4R 5R,7S)-5-(3-Hydroxyphenyl)-4-methyl-2-[3-(2-
1136, 112.7/112.4, 79.6/79.4, 69.8, 59.1, 48.2, 47.6/47.1, 46.5/ methylphenyl)prop-2-en-1-yl]-2-azabicyclo[3.3.1]non-7-§+1-
46.0, 44.0, 40.1/39.9, 37.2, 37.0/36.9, 36.7/36.6, 36.5, 31.1, 30-8'phenylcyclopentanecarboxamide (21a)Amine 20a (126 mg,
28.4,24.1,22.0, 17.6. 0.301 mmol) was suspended in DCE (15 mL) undgrThentrans
tert-Butyl (1S5,4R,5R, 75)-5-(3-Isopropoxyphenyl)-4-methyl-7-  _methylcinnamaldehyde (46 mg, 0.301 mmol) and sodium tri-
[(2-methyl-2-phenylpropanoyl)amino]-2-azabicyclo[3.3.1Jnonane-  acetoxyborohydride (82.9 mg, 0.391 mmol) were added to the
2-carboxylate (19b).A 500 mL round-bottom flask was charged  reaction mixture. The reaction mixture was stirred at room
with 15(2.02 g, 0.0052 mol) and 2-methyl-2-phenylpropionic acid - temperature for 2 days and became a clear solution. The reaction
(1.73 g, 0.01 mol), and the mixture was dissolved in dry THF (130 mixture was transferred to a separatory funnel and washed with
mL), followed by the addition of triethylamine (3.60 mL, 26.0  gatyrated NaHC® The aqueous layer was extracted with 3:1
mmol) _and BOP reagent (2.60 g, 0.0057 mol). The reaction mixture CH,Cl,—THF (15 mL x 2). The combined organic layers were
was stirred under Nat room temperature for 4 h. TLC showed  gjeq (MgSQ) and concentrated to give a solid crude product. The
that the starting material was completely consumed. The mixture o, qe product was purified by preparative TLC [silica gel plate,
was diluted with diethyl ether (130 mL), washed consecutively with 35% (80% CHCJ, 18% CHOH, 2% NH,0OH) in CHCH] to afford
water (150 mL), saturated NaHG@L50 mL), and brine (150 mL the title compound (0.126 g, 76%) as a white solidi NMR
x 2), and dried (Ng5Qy). The solvent was removed under reduced (CDCL) 6 7.38-7.07 (m 10H5 6.76 (d, 1H] = 15.9 Hz), 6.66-
pressure, and the product was purified by flash chromatography g 61 (M, 3H), 6.146.04 ’(m 1|1|) 4.794.63 (m, 2H) 3.352 24
(silica gel, 16-25% ethyl acetate in hexanes) to afford the title (m, 3H)’, 3.08-3.03 (m, 1H’), 275 d, 1H) = 123 ’Hz), 252

compound (2.60 g, 93%) as a white foam. Rotamers of this
compound were observed in the and*C NMR spectra:'H NMR (ZmZ 21(;8’ %?7—2016%11(215 gﬂ)?:cl;) I\}I\/EI;F% %ggég; (;”-107618591%74?

(CDCl) 0 7.36-7.17 (m, 6H), 6.72:6.64 (m, 3H), 4.764.63 (M, 151 5 1443 1365, 135.7, 130.6, 129.8, 129.2, 127.7, 127.4, 127.2,

2H), 4.58-4.40 (m, 2H), 3.753.57 (m, 2H), 2.472.42(m, 1H), 156 4" 1962 1261, 117.1, 113.4, 112.9, 59.6, 58.4, 56.4, 53.6,

2.20-213 (m, SH), 1.52 (. 7H). ;.%GHgs,_Q&)), 132(. 81 468,454, 405, 37.8, 37.42, 3738, 32.8, 319, 24.5, 24.4, 202,
i ) L. 96 (m, 2H), 0.58 (d, e ); 19.0; MS (APCl)mV/z 549.7 (M + H)™. The free base (126 mg,

(1382'3)1381; 7112/71726226128121712519g585 '51’1%59(3'161/5560'% 18‘}3917 0.230 mmol) was dissolved in GBI, (8 mL), and to this was added
2 ol o 7 Y . : NS 'o/HCI (1 M solution in diethyl ether, 25%L, 0.255 mmol). The

700, 48.4, 47.8/47.4, 47.1/46.8, 46.3, 44.2, 40.3/40.2, 37.4, 36'8/reaction mixture was stirred for 15 min, and the solvent was

(3,31 ?41);4/31'0‘ 28.7, 2741272, 22.3, 17.8; MS (ARG 535.7 ;emr(])vledhund(er va)cuum. TheI s(alt w;as ?urified htWice by adding
. . iethyl ether (8 mL) to its CKCl, (3 mL) solution. The precipitate
[3_'; :[L(]%Srﬁ5)?]71S)p5hé?]yT)idrcc))/)::)llgggrr:{z?n‘elcn;fggg(laﬁq?g:t()ggg)g was filtered and dried in the vacuum oven at %D overnight to
solution of amidel9a(231 mg, 0.412 mmol) in glacial acetic acid affor((jj tthhSydroch!olr(ljd;eS;al.t of t?gﬂgocggpougg iszggvhlte
(4 mL) and 48% HBr (4 mL) was heated to reflux for 15 h. The poivoir (CH.C mgA, ylel HO).CFI\]IPO -H. o C H’ Kll] D :
reaction mixture was allowed to cool to room temperature, and ice (c1.04, §)- Anal. (G7HasCIN20,Hz0) C, H, N.
(10 g) was added. The pH of the reaction mixture was adjusted to  (1)-N-{(1S,4R,5R,75)-5-(3-Hydroxyphenyl)-4-methyl-2-[3-(2-
14 with 50% NaOH. The aqueous layer was extracted with 3:1 Methylphenyl)prop-2-en-1-yl]-2-azabicyclo[3.3.1]non-7-}-2-
CH,Cl,—THF (30 mL x 3). The organic layer was collected and Methyl-2-phenylpropanamide (21b).Amine 20b (50 mg, 0.127
dried (NaSOy), and the solvent was removed under reduced Mmol) was suspended in DCE (5 mL) undey, lnd thertrans
pressure. The product was purified by flash chromatography [silica 2-methylcinnamaldehyde (18.6 mg, 0.127 mmol) and sodium
gel, 50% (80% CHG| 18% CHOH, 2% NHOH) in CHCL] to triacetoxyborohydride (41 mg, 0.19 mmol) were added to the

afford the title compound (0.126 g, 73%) as a white solid:NMR reaction mixture. The reaction mixture was s}irred at room
(CD50OD) 6 7.38-7.06 (m, 6H), 6.626.57 (M, 3H), 4.79 (M, 1H), temperature for.3 h, whgn it became a clear solution. The reaction
3.60 (dd, 1HJ = 9.0 Hz, 5.1 Hz), 3.31 (m, 1H), 2.72 (d, 18 = mixture was diluted with CkECl, and washed with saturated
14.1 Hz), 2.49-2.40 (m, 2H), 2.251.87 (m, 6H), 1.76-1.56 (m, NaHCQ;. The agueous layer was extracted with ACH (10 mL

5H), 1.48-1.40 (m, 1H), 1.281.15 (m, 2H), 0.64 (d, 3H] = 7.2 x 2). The combined organic layers were dried {8&,) and

Hz); 13C NMR (CD;0D) 6 177.9, 158.6, 152.7, 145.4, 130.3, 129.4, concentrated under vacuum. The residue was purified by preparative

127.6,127.6,117.0, 113.8, 113.0, 60.7, 49.6, 46.9, 46.3, 41.0, 38.1,TLC [silica gel plate, 33% (80% CHg;118% CHOH, 2% NH,OH)

37.9, 37.3, 37.2, 32.0, 24.39, 24.37, 17.6; MS (AP} 419.7 in CHCI] to afford the title compound (52 mg, 78%) as a white

(M + H)*. solid: 'H NMR (CDCly) 6 7.40-7.08 (m, 10H), 6.78 (d, 1H] =
N-[(1S4R,5S,79)-5-(3-Hydroxyphenyl)-4-methyl-2-azabicyclo- 15.9 Hz), 6.64 (m, 3H), 6.11 (dt, 1H, = 15.6, 6.3 Hz), 4.78

[3.3.1]non-7-yl]-2-methyl-2-phenylpropanamide (20b)A solution 4.68 (m, 2H), 4.784.68 (m, 2H), 3.36 (m, 2H), 3.27 (br, 1H),

of amide19b (530 mg, 0.991 mmol) in glacial acetic acid (9 mL) 3.08 (m, 1H), 2.78 (d, 1H] = 12.0 Hz), 2.43-2.43 (m, 6H), 2.14

and 48% HBr (9 mL) was heated to reflux for 17.5 h. The reaction (m, 1H), 1.58-1.50 (m, 8H), 0.91 (t, 1HJ = 12.0 Hz), 0.78 (t,

mixture was allowed to cool to room temperature, and ice (25 g) 1H,J = 12.0 Hz), 0.68 (d, 3H) = 6.0 Hz);*3C NMR (CDCk) 6

was added. The pH of the reaction mixture was adjusted to 14 with 177.4, 156.7, 151.4, 145.1, 136.4, 135.5, 130.4, 129.7, 129.0, 128.8,

50% NaOH. The aqueous layer was extracted with 3:3@H 127.5,127.3,126.6, 126.3, 125.9, 117.0, 113.7,113.1, 112.6, 58.2,

THF (50 mL x 3). The organic layer was collected and dried 56.2,53.5,47.2,46.8,45.2, 40.4,37.7,32.7, 31.8, 27.4, 27.3, 20.1,

(Na,SQy), and the solvent was removed under reduced pressure.18.8; MS (APCI)m/z523.4 (M+ H)*. The free base (42 mg, 0.080

The product was purified by flash chromatography [silica gel, 50% mmol) was dissolved in Ci€l, (3 mL), and to this was added

(80% CHCS, 18% CHOH, 2% NH,OH) in CHCE] to afford the HCI (1 M solution in diethyl ether, 9G:L, 0.096 mmol). The

titlte compound (0.164 g, 42%) as a white solid. TheNMR and reaction mixture was stirred for 15 min, and the solvent was

13C NMR spectra showed several small peaks, indicating pyridine removed under vacuum. The residue was dried in the vacuum oven

impurities: 'H NMR (CsDsN) 6 7.53-7.48 (m, 2H), 7.33-7.28 at 50 °C overnight to afford the hydrochloride salt of the title

(m, 3H), 7.24-7.22 (m, 1H), 7.16-7.05 (m, 2H), 6.79 (m, 1H), compound as an off-white powder (40.1 mg, yield 87%): mp

6.69 (d, 1H,J = 8.1 Hz), 5.43-5.28 (m, 1H), 3.78 (dd, 1H] = 148.5-151.5°C; [0]2% +27.8 (c 0.74, MeOH). Anal. (GsHax

13.5, 4.8 Hz), 3.34 (br, 1H), 2.72.62 (m, 2H), 2.36-2.30 (m, CIN,O,-H,0) C, H, N.
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(+)-N-{(1S,4R,5R, 79)-5-(3-Hydroxyphenyl)-4-methyl-2-[3-
phenylprop-2-en-1-yl]-2-azabicyclo[3.3.1]non-7-y-2-methyl-2-
phenylpropanamide (21c).Amine 20b (51.8 mg, 0.132 mmol)
was suspended in DCE (5 mL) undey, ldnd then cinnamaldehyde
(17 uL, 0.132 mmol) and sodium triacetoxyborohydride (42 mg,
0.198 mmol) were added to the reaction mixture. The reaction
mixture was stirred at room temperature overnight and became a
clear solution. The reaction mixture was diluted with 4 and
washed with saturated NaHGO'he aqueous layer was extracted
with CH.Cl, (10 mL x 2). The combined organic layers were dried
(N&S0Oy) and concentrated under vacuum. The residue was purified
by preparative TLC [silica gel plate, 25% (80% CHCIL8%
CH30H, 2% NH,0OH) in CHCE] to afford the title compound (60.2
mg, 90%) as a white solid*H NMR (CDCls) 6 7.33-7.06 9m,
11H), 6.66-6.51 (m, 4H), 6.20 (dt, 1H) = 8.7, 6.6 Hz), 4.7&

4.65 (m, 2H), 3.343.30 (m, 2h), 3.23 (br, 1H), 3.07 (dd, 1H),
=12.3, 4.8 Hz), 2.74 (d, 1H] = 12.6 Hz), 2.46-2.10 (m, 4H),
1.57-1.45 (m, 7H), 0.83-0.62 (d, 5H);13C NMR (CDCk) 6 177.5,

156.8, 151.4, 145.0, 137.2, 132.6, 129.6, 129.0, 128.8, 128.4, 127.6,

127.3, 126.62, 126.55, 116.8, 113.2, 112.7, 57.9, 56.4, 53.1, 47.2,
46.7, 45.2, 40.3, 37.6, 32.6, 31.7, 27.4, 27.3, 18.8; MS (ARTA)
509.6 (M + H)*. The free base (60.2 mg, 0.118 mmol) was
dissolved in CHCI, (4 mL), and to this was added HCI (1 M
solution in diethyl ether, 142L, 0.142 mmol). The reaction mixture
was stirred for 15 min, and the solvent was removed under vacuum.
The salt was purified twice by adding diethyl ether (8 mL) to its
MeOH (3 mL) solution. The precipitate was filtered and dried in
the vacuum oven at 58C overnight to afford the hydrochloride
salt of the title compound as a white powder (52.2 mg, yield
78%): mp 152.5155°C; [0]?% +28.8 (c 0.82, MeOH). Anal.
(C34H41C|N202'1.25|‘bo).
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