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NMR 4§ 5.67 (s, 1 H, H-3), 5.44 and 5.26 (AB q, 2 H, J = 12.0 Hz,
CH,0), 4.8-4.4 (m, 1 H, CHOH), 4.15-3.8 (m, 2 H, NCH,), 3.81
(s, 3 H, OCH,), 2.05 (s, 3 H, CHy); MS, m/z (M*) caled 319.108,
found 319.105. Anal. (C,sH;NOg) C, H, N.
1-(Acetyloxy)-9-[(acetyloxy)methyl]-7-(1-aziridinyl)-2,3-
dihydro-6-methyl-1 H-pyrrolo[1,2-a ]Jindole-5,8-dione (16). A
solution of 10b (60.0 mg, 0.2 mmol) in dry methanol (80 mL) was
treated with aziridine (2 mL), and after stirring for 3 h at room
temperature, the reaction mixture was left at -20 °C overnight.
The precipitate was collected by filtration to afford 16 in a yield
of 50%: mp 210.5-211.5 °C (EtOH);** 'H NMR 6 6.15 (dd, 1 H,
J = 1.9 and 6.6 Hz, CHOACc), 5.29 (s, 1 H, CH,0), 2.31 (s, 3 H,
CHy), 2.06 [s, 6 H, C(O)CHj,); MS, m/z (M?) caled 372.132, found
372.129. Anal. (C;gHyN,Og) H, N; C: caled, 61.28; found, 60.48.
General Procedure for the Reactions of the Mitosenes 10a
and 17 with Potassium Ethyl Xanthate and Potassium
Thiobenzoate under Reductive Conditions. A solution of 10a
and 17 (0.17 mmol) in a mixture of CH,Cly/MeOH/H,0 = 1:1:1
(50 mL) was purged with N, (10 min) at room temperature.
Subsequently, potassium ethyl xanthate or thiobenzoate (0.85
mmol) was added followed by a solution of Na,S,0, (60.0 mg, 0.34
mmol) in water (1 mL). After the mixture was stirred for about
10 min, the reaction was complete and reoxidation by air had taken
place. The reaction mixture was extracted with CH,Cl, (3 X 50
mL), the organic phase was dried over MgSO,, and the solvent
was removed in vacuo to give the crude compounds 20 and 21a,b,
which were purified by chromatography using CHCl;/EtOAc =
1:1 as eluent. The yields, melting points, 'H NMR data, and
molecular ion values (M™) are given in Table VI.
2,3,5,8-Tetrahydro-7-methoxy-6,9-dimethyl-1H-pyrrolo-
[1,2-a lindole-5,8-dione (22). A solution of 17 and 19 (21.0 mg,
0.04 mmol) in EtOH (5 mL) was treated with NaBH, (7.6 mg,
0.20 mmol). After the mixture was stirred for 15 min, reoxidation
had taken place and water (10 mL) was added. The reaction
mixture was extracted with CH,Cl, (3 X 10 mL); the combined
extracts were dried with MgSO,. After evaporation of the solvent

and purification by chromatography (CHCly), 22 was obtained
in a yield of 50%: mp 165-167 °C (EtOH) (1it.2®® mp 164.5-167
°C).
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This paper describes the chemical synthesis and the development of structure—activity relationships (SAR) for the
« opioid receptor affinity and u/« opioid receptor selectivity of novel N-{(2-aminocyclohexyl)aryl]acetamide derivatives.
The SAR of this series are investigated by consideration of structural modifications made to the aromatic moiety,
the amide linkage, and cyclohexane and the pyrrolidine ring substituents of the prototype « selective agonist, PD117302
(trans-N-methyl-N-[2-(1-pyrrolidinyl) cyclohexyl]benzo[b]thiophene-4-acetamide) (1). The « and u opioid receptor
binding affinities of 23 novel compounds are reported. It is observed that optimal u/« receptor selectivity is obtained
with a benzo[b]thiophene aromatic system attached via the C-4 position, which is discussed in terms of steric and
electronic parameters. The amide linkage has been replaced with the reversed amide, an ester, an aminomethylene,
a thioamide, and a secondary amide. The best of these isosteres is the N-methyl amide. Substitution of the pyrrolidine
ring of PD117302 in the 3-position with a hydroxymethylene group increases the u/« selectivity compared to the
unsubstituted compound, e.g. compound 14, trans-(%)-N-methyl-N-[2-[3-(hydroxymethyl)-1-pyrrolidinyl}eyclo-
hexyl]-4-benzo[b]furanacetamide monohydrochloride, u1/« receptor selectivity = 244. The cis fused, 4,5 dimethy!
ether substituted cyclohexane analogue trans-(£)-N-methyl-N-[4,5-dimethoxy-2-(1-pyrrolidinyl)cyclohexyl]-
benzo[b]thiophene-4-acetamide monohydrochloride (82) has high in vitro « opioid receptor affinity (K; = 16 nM)
and equipotent analgesic activity to morphine after iv administration in rats.

Previous studies’™” have established that certain N-[(2-
aminocyclohexyl)aryl]acetamides exhibit high in vitro se-
lectivity and affinity for the x opioid receptor and also elicit
potent analgesia in rodent tests. For example, in part 1
of this work,! compound 1 (PD 117302) has been shown

tChemistry Department, Warner Lambert-Parke Davis,
Pharmaceutical Research Division, 2800 Plymouth Road, Ann
Arbor, MI 48105.

0022-2623/89/1832-1620801.50,/0

to have nanomolar affinity for the « opioid receptor and
a u/« ratio [K;(u)/K;(x)] = 110. The compound after oral

(1) Clark, C. R.; Halfpenny, P. R.; Hill, R. G.; Horwell, D. C,;
Hughes, J.; Jarvis, T\ C.; Rees, D. C.; Schofield, D. J. Med.
Chem. 1988, 31, 831.

(2) Von Voigtlander, P. F.; Lahti, R. A.; Ludens, J. H. J. Phar-
macol. Exp. Ther. 1983, 224, 7.

(3) Olson, G. A.; Olson, R. D,; Kastin, A. J.; Coy, D. H. Peptides
1982, 3, 1039.
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in a rat paw pressure test for analgesia.
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The objective of this study is to further explore the
structure—activity relationships (SAR) of this chemical
series and to identify new opioid analgesics with high u/«
binding ratios. Modifications have been made to the
position of attachment of the aromatic group, the linkage
between the cyclohexane ring and the aromatic group, the
cyclohexane ring including rigid and flexible analogues, and
the pyrrolidine ring. The effects of these changes upon
the in vitro u/« opioid receptor binding and in vivo rat paw
pressure analgesia assay are discussed.

(4) Castillo, R.; Kissin, I.; Bradley, E. L. Anesth. Analg. 1986, 65,
350.

(5) Hayes, A. G.; Skingle, M,; Tyres, M. B. J. Pharm. Pharmacol.
1985, 37, 841,

(6) Horwell, D. C. U.S. Patent Appl. 669921, 1984; Chem. Abstr.
1985, 103, 215156m. Horwell, D. C. U.S. Patent App!l. 669922,
1984; Chem. Abstr. 1986, 104, 68752t¢.
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Chemistry

The trans-1,2-diamino moiety is prepared by treating
an aziridine (3a-d) with pyrrolidine.! Compounds 5, 6, 7,
and 8, which are the 3, 7, 5, and 6 regioisomerically sub-
stituted benzo[b]thiophene derivatives, and the 4-indole
analogue 9 were prepared by the general procedure
(Scheme I) by coupling of diamine 4d with benzo[b]-
thiophene-3-acetic acid, benzo[b]thiophene-7-acetic acid,®
benzo[b]thiophene-5-acetic acid,? benzo[b]thiophene-6-
acetic® acid, or indole-4-acetic acid,'® respectively, via the
corresponding acid chlorides. The cyclopentane and cy-
cloheptane analogues 10 and 11 were prepared by using
similar methodology (Scheme I) from the corresponding
aziridines 3a and 3b. Similarly, aziridine 3¢!! was con-
verted into the secondary amide, 12.

The compounds with substituents on the pyrrolidine
ring, 13-16, were prepared by treating aziridine 3d with
2-(hydroxymethyl)pyrrolidine!? or 3-(hydroxymethyl)-
pyrrolidine®® (R, or Ry = CH,OH, Scheme I). Compound

(8)
9
(10

an
(12)

MacDowell, D. W. H.; Greenwood, T. D. J. Heterocycl. Chem.
1965, 2, 44.

Matsuki, Y.; Fujieda, K. Nippon Kagaku Zasshi 1967, 88, 445;
Chem. Abstr. 1968, 68, 59638,

Ponticello, G. S.; Baldwin, J. J. J. Org. Chem. 1979, 44, 4003.
Paris, O. E.; Fanta, P. E. J. Am. Chem. Soc. 1952, 74, 3007.
Anderson, N. H,; Ollis, W. D.; Thorpe, J. E.; Ward, A. D. J.
Chem. Soc., Perkin Trans 1 1975, 825. Schmidt, U.; Scholm,
R. Synthesis 1978, 752.

Labouta, I. M.; Jacobson, P.; Thorbek, P.; Krogsgaard-Larsen,
P.; Hjeds, H. Acta Chem. Scand. B 1982, 36, 669.

(13)
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14 was treated with succinyl chloride or glutaryl dichloride
to give dimeric esters 17 and 18, respectively.

0 o7 N
NCOCH2~6 8»%200»1
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OCO(CHy,CO0
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17: n=3
18:n=2

N-Methyl amide 1 was converted into the corresponding
thioamide 19 by treatment with Lawesson’s reagent, and
1 was converted into the aminomethylene analogue 20 by
treatment with lithium aluminum hydride (Scheme I).
Other modifications to this amide moiety were made as
outlined in Scheme II. Trans amino alcohol 2114 (Scheme
II) was converted into the ester isostere 22 by acylation
with 4-benzo[b]thiopheneacetyl chloride and into the trans
amino acid 23 by formation of the mesylate followed by
treatment with potassium cyanide and hydrolysis of the
resulting nitrile. The acid chloride of 23 was treated with
N-methyl-4-benzo[b]furanmethanamine (26) (prepared as
outlined in Scheme II) to give 24, the reverse amide isostere
of 1.

N-(2-Aminoethyl)pyrrolidine 27 was converted into 28
by acylation with 4-benzo[b]thiopheneacetyl chloride and
into 29 by a three-step procedure involving acylation with

(14) Coe, P. F.; Uff, B. C.; Lewis, J. W. J. Chem. Soc. C 1968, 2265.
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valeryl chloride and reduction of the resulting amide with
borane in tetrahydrofuran followed by acylation of the
resulting secondary amine with 4-benzo[b]thiopheneacetyl
chloride.

The cis-4,5-dimethoxy-substituted cyclohexy! derivatives
31 and 32 were prepared from diamine 30.1°* Dodeca-
hydropyrrolo[1,2-a]quinoxaline (33) was prepared by the
method of Rees.'6

Me
MeO NH

W
(%)
MeO D

: Ncocm@

«HC!

ArCH2COC!

COCH2
~US
I l “HC!
31: X=0
32: X=8

Results and Discussion

1. SAR of the Aromatic Group. In part 1,! it was
reported that for high u/« opioid receptor selectivity the
aromatic moiety of these arylacetamides should possess
an electron-rich 4-benzo[b]thiophene moiety separated
from the amide carbonyl by a single methylene group. An
objective of this study was to investigate the effect on u/«
selectivity of changing the position of attachment of the
4-benzo[b]thiophene group to this methylene group. Ac-
cordingly the 3-, 5-, 6-, and 7-substituted benzo[b]-
thiophene regioisomers 5-8 were synthesized and com-
pared with the previously reported 4-substituted com-
pound 1. The differences between the steric orientations
that the benzo[b]thiophene group can adopt when sub-
stituted in the 4-position (1) versus the 5-position (7) are
shown in Figure 1, which is the computer-generated rep-
resentation of the molecule when the CHy—Ar bond is
rotated in 30° increments. The conformations for the
7-isomer, 6 (Ki(x) = 17 nM, u/« ratio = 39), are very similar
to those for 1 (Ki(x) = 3.7 nM, u/« ratio = 110), the 6-
isomer 8 (K;(x) = 146 nM, u/« ratio = 3) is similar to 7
(Ki(x) = 94 nM, u/« ratio = 5), and the 3-isomer 5 (K;(x)
= 69 nM, u/x ratio = 21) is different from both of the
above pairs. The two best compounds (Table I), 1 and 6,
both correspond to the set of conformations in Figure 13,
and these conformations may well be optimal for binding
to the « receptor.

Although the aromatic groups of 1 and 6 have similar
conformational properties, the orientation of their dipole
moments are different. 7-Methylbenzo[b]thiophene has
a calculated dipole of 3.31 Db with a (+X, —Y) orientation
while in 4-methylbenzo[b]thiophene it is 3.57 Db but with
a (-X, -Y) orientation. The importance of dipole inter-
actions of drugs in receptor binding has been studied
widely,!"18 and we propose that the improved « affinity of
1 versus 6 is due to a favorable dipole interaction between

(15) Horwell, D. C.; Johnson, S. U.S. Patent Appl. Feb 1988.

(16) Rees, D. C. J. Heterocycl. Chem. 1987, 24, 1297.

(17) Lien, E. J.; Guo, Z.-R.; Li, R.-L.; Su, C.-T. J. Pharm. Sci. 1982,
71,641. Young, R. C.; Durant, G. J.; Emmett, J. C.; Ganellin,
C. R.; Graham, M. J.; Mitchell, R. C.; Prain, H. D.; Roantree,
M. L. J. Med. Chem. 1986, 29, 44. Young, R. C. J. Pharm.
Pharmacol. 1987, 39, 861.

(18) Perutz, M. F.; Fermi, G.; Abraham, D. J.; Poyart, C.; Bursaux,
E. J. Am. Chem. Soc. 1986, 108, 1064.
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Table I. « and u Opioid Binding and Rat Paw Pressure Analgesia Assays: Substitution Position of Aromatic Group

/,,/

substit opioid receptor binding: affinity K, nM rat paw pressure®

no. X position K u ke assay: MPEg, mg/kg iv
5 S 3 69 £ 3 1400 + 200 21 *3.3

6 S 7 17%1 650 £ 170 39 >3.3

7 S 5 947 475 £ 85 5 6.1

8 S 6 146 £ 4 425 + 25 3 4.6

9 NH 4 816 £ 71 833 £ 120 1 d

1¢ S 4 3704 410 £ 59 110 14

¢ Where standard errors are given, the K; value represents the mean from concentration-response curves performed in triplicate (n = 3).
Where no standard errors are given, the K; value is from a single experiment (n = 1). ® MPE,, values represent the dose required to produce
50% of the maximum possible analgesic effect. They are derived from a single experiment with six animals at each of five dose levels.
¢ Previously reported compound, PD 117302.! ¢Not tested. ¢u/x ratio = [K;(u)/K;(x)].

Table II. « and u Opioid Binding and Rat Paw Pressure Analgesia
Assay: Modification of Cyclohexane Ring

. oas rat paw
oplolgf;ef:ep}?rabuﬁgmg: pressure assay:
affinity K;,® n MPE,,
no. K © ke mg/kg iv
28 25000 £ 3900 10000 £ 3700 0.4 d
29 2000 £ 200 5200 % 940 2.7 d
10 154 + 13 3600 £ 720 23 d
11 121 1000 £ 50 83 d
33 28000 £ 2400 17500 + 1200  0.63 d
31 16 820 51 0.8
32 18 2800 156 1.5
morphine 86 1.8 0.021 0.61

abde See footnotes to Table 1.

the 4-substituted aryl group and the « receptor. In support
of this hypothesis the 4-substituted indole derivative 9
(Ki(x) = 816 nM, u/« ratio = 1) has similar steric properties
to those identified as being optimal in the benzo[b]-
thiophene series, but the calculated dipole moment for the
aromatic moiety is only 2.33 Db and is orientated in the
opposite direction (+X, +Y) to that of 1. In contrast, the
dipole of the aromatic moiety in the active 4-benzo[b]furan
derivative 2! (Ki(x) = 12 nM, u/« ratio = 130) is orientated
(=X, +Y) similarly to 1. Hence we conclude the dipole
orientation (—X) is optimal for high « receptor affinity.

2. Modification to the Cyclohexane Ring. Com-
pound 28 was synthesized as a flexible analogue of 1 and
found to be inactive (1 and « K; > 10000 nM) (Table II)
although there is a slight improvement in compound 29,
in which the amide N-pentyl group was introduced to
maintain comparable global lipophilicity with PD 117302
(1). Hence it appears that the rigid cyclohexane ring is
needed to orientate the amino and acetamidoaryl moieties
for binding to the « receptor. The critical role of the
cyclohexane ring in this regard has been established by
preparing the cyclopentane 10 (K;(x) = 154 nM, u/« ratio
= 23) and cycloheptane 11 (K;(x) = 12 nM, u/« ratio = 83)
analogues. The six-membered ring is preferred over either
of the 5- or 7-membered analogues. Having established
this, the rigidity was further increased by fusing the pyr-
rolidine ring of 1 to the amide methyl group as in com-
pound 33. The low « affinity (K; > 1000 nM) indicates that
this rigid structure may not adopt a conformation adopted
by 1 at the receptor.

Martin has proposed a model of the opioid receptors in
which the « receptor is distinguished from the u receptor
by having an oxygen binding site capable of interacting
with the ketonic oxygen of ethylketazocine.!® To inves-

tigate this hypothesis and to increase the u/« selectivity
of 1 we decided to incorporate an oxygen atom into our
series of x agonists. Two positions were chosen for the
attachment of this accessory binding group: the cyclo-
hexane ring, which has also been studied elsewhere,?® and
the pyrrolidine ring, which has not previously been sub-
stituted (see section 4). The diamine 30! has two cis-fused,
geminally substituted ether oxygen atoms attached to the
cyclohexane ring and both the benzo[b]thiophene (32) and
benzo[b]furan (31) derivatives have high « affinity and
selectivity (Table II) (K;(x) = 16 and-18 nM, n/« ratio =
51 and 155, respectively). Furthermore, compound 32 is
equipotent with morphine as an analgesic in a rat paw
pressure test for analgesia after iv administration (MPEg,
= 0.8 and 0.6 mg/kg, respectively).

3. Amide Isosteric Replacements. The NH amide
12, the ester 22, the aminomethylene 20, and the reverse
amide 24 were prepared and found to reduce « affinity by
90-, 98-, 2190-, and 10000-fold, respectively, when com-
pared to 1. These compounds all change the amide bond
in terms of conformational properties,? lipophilicity,?? and
potential for hydrogen-bonding interactions. The param-
eter that is most changed in each of 12, 22, 20, and 24 is
hydrogen bonding. In an attempt to mimic 1 in this re-
spect the thioamide 19 (K;(x) = 53 nM, u/« ratio = 13) was
prepared. This has higher affinity than the other isosteres
in Table IIIL.

4. Substitution on the Pyrrolidine Ring. The pyr-
rolidine ring was the second site chosen for the attachment
of an oxygen atom in an attempt to locate an accessory
binding group on the « receptor (vide supra). In com-
pounds 15 and 16 a hydroxymethylene is joined at the
2-position and « selectivity is lost completely (X;(x} > 10000
nM) (Table IV). However, compound 14, which has the
hydroxymethylene attached to the 3-position, has a higher
selectivity than the unsubstituted derivative 2 (u/« ratio
= 244 and 110, respectively). This hydroxymethylene

(19) Martin, W. R. Pharmacol. Rev. 1983, 35, 283.

(20) Kaplan, L. J. U.S. Patent No. 4438130, Mar 20, 1984. Lahti,
R. A.; Mickelson, M. M.; McCall, J. M.; Von Voigtlander, P
F. Eur. J. Pharmacol. 1985, 109, 281.

(21) Marshall, G. R.; Gorin, F. A,; Moore, M. L. Annu. Rep. Chem.
1978, 13, 227. Marshall, G. R.; Humblet, C.; Van Opdenbosch,
N.; Zabrocki, J. In Pept.: Synth., Structure., Funct. Proc.
Amer. Pept. Symp., 7th, 669, Rich, D. H., Gross, E., Eds.;
Pierce Chémical Co.: Rockford, IL, 1981.

(22) Rekker, R. F. The Hydrophobic Fragmeni al Constant; Elsev-
ier: Amsterdam, 1977; Vol. 1.
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Regioisomers with high kappa receptor
affinity and selectivity.

Regioisomers with low
kappa receptor affinity
and selectivity:

Figure 1. Computer representation of the conformations generated by rotation of the CHy~Ar bond in 30° increments for (a, top)
C-4 and C-7 regioisomers and (b, bottom) C-5 and C-6 regioisomers.

Table III. « and u Opioid Binding and Rat Paw Pressure Analgesia Assay: Amide Replacements

A—CH»

//,/D _ X

opioid receptor binding: affinity K;,®* nM

rat paw pressure

no. X A K " wike assay: MPEg,? mg/kg iv
1¢ S NMeCO 3.7+04 410 = 59 110 1.4

12 S NHCO 333 £ 24 4800 = 900 14 d

24 0 CONMe 37000 = 3000 20300 = 700 0.55 d

22 S 0CO 261 £ 39 3340 + 800 13 >3.3

19 S NMeCS 53 £ 11 700 £ 100 13 d

20 S NMeCH, 8100 = 1000 14300 + 900 20 d

abdeSee footnotes to Table L.
moiety provides a functional group for the synthesis of enkephalins® and morphine derivatives* have been shown

dimeric analogues that are of interest because dimers of to have enhanced selectivity for opioid receptor types
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Table IV. « and u Opioid Binding and Rat Paw Pressure Analgesia Assay: Substitutions on the Pyrrolidine Ring

Me
NCOCH,

(%)
,

R4

X
N —
H H

Rz

opioid receptor binding: affinity K;,® nM

rat paw pressure

no. X R, R, K “ u/xe assay: MPE;,” mg/kg iv
13 S H CH,0H 7 560 80 >3.3

14 0 H CH,OH 17£4 4100 + 400 244 4.0

15 S CH,OH (isomer 1) H >10000 >10000 d

16 S CH,0H (isomer 2) H >1000 >100 d

17 0] dimer n =3 180 760 4.2 d

18 0 dimer n = 2 180 800 44 d

abdeGee footnotes to Table I,

which depends upon the length of the bridging unit. The
dimeric compounds 17 and 18 (K;(x) = 180 nM, 180 nM
u/« ratio = 4.2, 4.4, respectively) do indeed retain affinity
for the x receptor but do not have enhanced selectivity.

Conclusion

N-[(2-Aminocyclohexyl)aryllacetamides have emerged
as the most « selective opioid analgesics yet described. This
study probes further the SAR requirements of the proto-
type trans-N-methyl-N-[2-(1-pyrrolidinyl)cyclohexyl]-
benzo[b]thiopheneacetamides. Chemical modifications to
the regiochemical fusion of the aromatic benzo[b]-
thiophene, amide linkage, cyclohexyl, and pyrrolidine ring
substituents have defined more closely the very precise
requirements for receptor recognition. The preparation
and examination of the « opioid affinity and selectivity of
the 3-7 fused regioisomers of the benzo[b]thiophene show
that the 4- and 7-positions are preferred over the 3, 5, and
6 regioisomers. Computer graphics modeling show that
the 4 and 7 isomers have similar space-filling requirements
that are different from the 3, 5, and 6 isomer requirements.
The N-methyl amide linkage between the cyclohexane ring
and the methylenearyl moiety has been replaced by the
reversed amide, ester, aminomethylene, thioamide, and the
secondary amide analogues. The best of these isosteres
is the N-methyl amide. Substitution of the pyrrolidine ring
of PD117302 in the 3-position with a hydroxymethyl group
increases the u/« selectivity compared to the unsubstituted
compound, with a u/« selectivity of 244. The cis-fused
4,5-dimethyl ether substituted cyclohexane analogue
trans-(x)-N-methyl-N-[4,5-dimethoxy-2-(1-pyrrolidinyl)-
cyclohexyl}benzo[b]thiophene-4-acetamide (32) has high
in vitro « opioid receptor affinity (K; = 18 nM) and has
exceptionally potent analgesic activity comparable with
that of morphine itself on iv administration to rats.

Experimental Section

Melting points were determined with a Reichart Thermovar
hot-stage apparatus and are uncorrected. Proton NMR spectra
were recorded on a Bruker AM 300 spectrometer; chemical shifts
were recorded in parts per million downfield from tetramethyl-
silane. IR spectra were recorded as a liquid film on a sodium
chloride disk with a Perkin-Elmer 1750 spectrophotometer.
Optical rotations were determined in dichloromethane solution
with a Perkin-Elmer 241 polarimeter. Silica gel used for chro-

(23) Shimohigashi, Y.; Waki, M.; Izumai, N.; Costa, T.; Herz, A.;
Kurono, M.; Yagi, K. Biochem. Int. 1986, 13, 199-203. Lutz,
R. A.; Cruciani, R. A.; Shimohigashi, Y.; Costa, T.; Kassis, S.;
Munson, P. J.; Rodbard, D. Eur. J. Pharmacol. 1985, 111, 257.

(24) Portoghese, P. S.; Larson, D. L.; Sayre, L. M.; Yim, C. B,;
Ronsisvalle, G.; Tam, S. W.; Takamori, A. E. J. Med. Chem.
1986, 29, 1855.

matography was Kieselgel-60 (230-400 mesh) (E. Merck A.G.,
Darmstadt, Germany). Mass spectra were recorded with electron
impact on a Finnegan 4500 spectrometer.

Benzo[b]thiophene-3-acetic acid was obtained from the May-
bridge Chemical Co. N-(2-Aminoethyl)pyrrolidine was obtained
from the Aldrich Chemical Co.

Computer modeling calculations were run with the CHEM-X
molecular modeling package supplied by Chemical Design Ltd.,
Oxford, UK.

The dipole moment calculations were done with the CNDO
molecular orbital method with the heterocyclic moieties aligned
in a similar way. Further studies on the dipole moments of «
ligands are in progress and will be published in full elsewhere.

General Method for Formation of Amides 5-16 and Ester
22, A solution of the aromatic acetyl chloride (1.0 mmol) (prepared
by the action of thionyl chloride on the aromatic acetic acid) in
dichloromethane (5 mL) was added dropwise to a stirred solution
of the diamine (1.0 mmol) in dichloromethane at 0 °C. After
stirring of the mixture for 10 min, diethyl ether was added until
no further precipitate resulted. The product was collected by
filtration, washed with diethyl ether, and dried in vacuo to yield
the amide hydrochloride. Ester 22 was prepared by using the same
procedure with trans-2-(1-pyrrolidinyl)cyclohéxanol (21) instead
of the diamine.

Products were purified by recrystallization (recrystallization
solvents are listed in Table V) or by medium-pressure chroma-
tography on silica gel using dichloromethane—methanol as eluant.

Compounds 13 and 14 are each a mixture of two diastereoi-
somers.

(%£)-trans-N-Methyl-[2-(1-pyrrolidinyl)cyclohexyl}-
benzo[ b Jthiophene-4-ethanethioamide Monohydrochloride
(19). Amino amide 1! (3.8 g, 10 mmol) and 2,4-bis(4-methoxy-
phenyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfide (Lawesson’s
reagent) (3.8 g, 9.3 mmol) and toluene (100 mL) were mixed and
heated to reflux for 14 h. The resulting mixture was dissolved
in dichloromethane (200 mL), washed with aqueous potassium
carbonate (2 X 200 mL), and purified by medium-pressure
chromatography (silica gel) with dichloromethane-methanol (25:1)
as eluant to give an oil which was dissolved in diethyl ether-
dichloromethane (4:1) (10 mL) and treated with a solution of
hydrogen chloride in diethyl ether to give 19 (300 mg, 7%): IR
(neat) 2931, 1595, 1570, 1493 cm™; MS (EI) m/e 372 (M*).

trans-(+£)-N-Methyl-N-[2-(1-pyrrolidinyl)cyclohexyl]-
benzo[ b ]thiophene-4-ethanamine Dihydrochloride (20). The
parent amino amide 1! (1.0 g, 2.7 mmol) in tetrahydrofuran (50
ml.) was added over 8 min to a stirred slurry of lithium aluminum
hydride (234 mg, 6.2 mmol) in tetrahydrofuran (50 mL) at 0 °C.
The mixture was heated to reflux for 6 h, quenched with water
(1 mL), filtered, evaporated, and purified by medium-pressure
chromatography using dichloromethane-methanol (10:1) as eluant.
The resulting oil was converted to the dihydrochloride salt as
described for 19 above to give 20 (0.71 g, 60%): IR (neat) 3380,
2950, 2600, 1450 cm™; MS (EI) m/e 342 (M*).

(x)-Bis(trans,trans)-[1-[2-[(4-benzofuranylacetyl)-
methylamino]cyclohexyl]-3-pyrrolidinylJmethyl Pentane-
dioic Acid Ester Dihydrochloride (17) and (*)-Bis(trans,-
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Table V. Physical Data for Previously Unreported Compounds

recryst
no. molecular formula analysis mp, °C solvent
5 CyHgN,08-HCL0.5H,0 CH,N,S 221-223.5 CH,Cl;-Et,0
6 CyHyN,08-HCl- C,HN 270-272  CH,Cl~Et,0
0.45CH,Cl,
7 CynHgN,08:1.5HCI CH,N 159-165 CH,Cl,-Et,0
8 CyHyN,08:1.25HCI CHN 182-185  CH,Cl,-Et,0
9 C,HyuN;O a 238-244  (CH,;);,CHOH-
EtOAc

10  CgHeN;0S-HCI0.4H,0
11 CpHyoN,0S-HCl

186-189
170-178

CH,Cl,-Et,0
CH,Cl-Et,0

12 CpHuN,O,HCL0.2H,0 CH, 174-177  CH,CI-Et,0
13 CgpHyN,0,8-HCLO.5H,0 C.H, 190-195 CH,Cl-Et;0
(CH,),CHOH

15 CpHyN,0,8-HCL0.6H,0 121-129
16 CyHyoN;0,S-HCIH,0 117-124
17 CyHeN,0g2HCL-2.2H,0 Cl 132-137
18 CuHgN,0x2HCLLTH,0 CHN  138-144
19 CyH,sN,S,-HCL0.4H,0 N  138-144 CH,Cl,-Et,0
20 CyuHgpN,S2HCL04H,0 CHN d CH,Cl;-Et,0
22 CyHyuNO,SHCLO4H,0 CHN,Cl 146-166 EtOAc
24 CpHypeNy0, HRMS: d
25 CH;NO, CHN  71-735 Et,0
26 C,oH,NO-0.5C;HgS0, CHN,S 128-130 (CH,),CHOH-
Et,0
119-1215 CH,Cl-Et,0
CH,Cl-Et,0
CH,Cl;-Et,0
CH,Cl-Et,0

CH,Cl,-Et;0
CH,Cl;-Et,0
CH,Cl,-Et,0

CHN
b
CHN
CHN
14 CyuHyN,0HCL0.5H;0 CHN,Cl 117-148
CHN
CHN
CHN
CH,Cl,-Et,0
CH

28 CyHypN,08 CHN

29 CyHyN,OSHCL0.3H;0 CHN 7379

31 CyHyN,O00HCI05H,0 CHN  201-205

32 CpHygN,0,SHCI CHNS 219-220
1.25H;0

33 CyHyN,08-HCLH,0 CHN  42-45  CH,Cl-Et,0

¢ Insufficient compound obtained for elemental analysis. MS (EI):
CyHygN30 requires 339, found 339 (10%). NMR (CDCl,): 68.35 (1 H,
1 Ar-H), 7.30-6.75 (5 H, 4 Ar-H and 1 NH), 4.20 (2 H, s, CH,Ar),
4.0-2.7 (6 H, br m, 6 NCH), 3.35 (3 H, s, NCHj), 2.25-1.20 (12 H, m, 12
CH). IR (liguid film on NaCl disk): 1640 cm™. ?Insufficient com-
pound obtained for elemental analysis. MS (EI): CyHgoN;OS requires
370; found 370 (23%). NMR (DMSO-d¢): 6 7.9-7.15 (5 H, m, Ar-H),
4.70 (1 H, br m, 1 NCH), 4.28 (1 H, d, J = 16 Hz, 1 CH,Ar), 4.03 (1 H,
d, J = 16 Hz, 1 CH,Ar), 3.60 (2 H, br m, 2 NCH), 3.28 (2 H, m, 2 NCH),
3.10-2.90 (1 H, m, 1 NCH), 3.02 (3 H, s, CHj), 2.05-1.35 (14 H, m, 14
CCH). IR (Numol mull): 1641 cm™. °¢High-resolution MS (EI*):
CyHggNyOp requires 340.2178, found 340.2175. NMR (CDCly): 6
7.65-6.85 (5 H, m, Ar-H), 5.00 (1 H, d, J = 15 Hz, 1 CH,Ar), 462 (1 H,
d,J = 15 Hz, 1 CH,Ar), 3.85-2.60 (4 H, m), 3.25 (3 H, s, CH3), 2.30-1.10
(14 H, m). IR (neat): 1634 cm™. %Hygroscopic, melting point deter-
mination not possible.

trans)-[1-[2-[(4-benzofuranylacetyl)methylaminojcyclo-
hexyl]-3-pyrrolidinylJmethyl Butanedioic Acid Ester Di-
hydrochloride (18). Amino alcohol 14 (140 mg, 0.34 mmol) was
dissolved in dichloromethane (2 mL) with pyridine (0.16 mL, 2
mmol), 4-(dimethylamino)pyridine (5 mg, 0.04 mmol), and glutaryl
dichloride (0.037 mL, 0.29 mmol) and heated to reflux for 2 h.

The resulting mixture was purified by medium-pressure
chromatography (silica gel) using dichloromethane-methanol
(15:1) as eluant to give an oil which was converted into the di-
hydrochloride salt as described for 19 above to give 17 (60 mg,
38%) as a mixture of diastereoisomers: IR (neat) 1734, 1645 cm™;
MS (EI) m/e 837 (M*).

Compound 18 (75 mg, 49%) was prepared by the same pro-
cedure using succinyl chloride instead of glutaryl dichloride: IR
(neat) 1733, 1633 cm™.

N-Methyl-4-benzo[ b Jfuranmethanamine (26). Benzo[b]-
furan-4-acetic acid® (12 g, 68 mmol) was dissolved in toluene (40
mL) and triethylamine (14 mL), treated with diphenyl phos-
phorazidate (15 mL, 70 mmol), heated slowly to 70-80 °C for 40
min, and then cooled to 0 °C and treated with benzyl alcohol (20
mL, 190 mmol). The mixture was heated to 80 °C for 3 min and
then poured into dichloromethane (200 mL) and washed with 1
N hydrochloric acid (200 mL) and then with 1 N potassium
hydroxide (200 mL) to give a brown oil (28 g) which was re-
crystallized twice (diethyl ether-hexane and then diethyl ether)

Halfpenny et al.

before chromatography on silica gel (dichloromethane) which gave
(4-benzofuranylmethyl)carbamic acid, phenylmethyl ester (25)
as a pale yellow solid (4.0 g, 14 mmol, 21%): mp 71-73.5 °C;
IR (neat) 3312, 1682 cm™}; 'H NMR & (CDCl,) 7.6-7.05 (10 H, m),
6.85 (1 H, s, NH), 5.15 (2 H, s, CH,Ph), 4.65 (2 H,d, J = 7 Hz,
CH,Ar). Anal. (C;HsNOy) C, H, N. The above solid (3.5 g, 12
mmol) and anisole (3 mL, 28 mmol) were dissolved in hydrogen
bromide in acetic acid {20 mL of a solution containing hydrogen
bromide (40 g) and acetic acid (100 g)] at room temperature. After
50 min the mixture was made basic with 10 N potassium hydroxide
solution and extracted with diethyl ether to give benzofuran-
methanamine as an oil (0.75 g). This was unstable and was
immediately dissolved in ethanol (1 mL) and treated with ethyl
formate (10 mL, 124 mmol) and triethylamine (1.2 mL, 8.6 mmol)
and heated to reflux for 50 min. The mixture was concentrated
in vacuo to give an oil (IR (neat) 1667 cm™) which was dissolved
in diethyl ether (5 mL), treated with a suspension of lithium
aluminum hydride (0.50 g, 13 mmol), and heated to reflux for 12
h. The resulting mixture was quenched with water (1.0 mL),
filtered, and concentrated to give N-methyl-4-benzofuran-
methanamine (26) as an oi] (0.50 g, 3.1 mmol, 22%): IR 2792,
1613, 1137 cm™'; NMR 4 (CDCl,, 300 MHz) 7.62 (1 H,d, J = 2
Hz, Co-H), 7.40 (1 H, d, J = 10, C;-H), 7.20 (2 H, m, C¢-H and
Cs-H), 6.88 (1 H, d, J = 2 Hz, C3-H), 4.00 (2 H, br s, CH,), 2.49
(4 H, br s, NHCH,;). An analytically pure sample was obtained
by treating 26 (75 mg, 0.47 mmol) in isopropyl! alcohol (1 mL)
with toluenesulfonic acid monohydrate (94 mg, 0.49 mmol).
Recrystallization (isopropyl alcohol-diethyl ether) gave the
hemitosylate salt (68 mg, 0.27 mmol): mp 128-130 °C. Anal.
(C1oH ;1 NO-0.5C,HgSO3) C, H, N, S.

trans-N-(4-Benzofuranylmethyl)-N -methyl-2-(1-
pyrrolidinyl)cyclohexanecarboxamide Monohydrochloride
(24). Amino alcohol 21 (0.96 g, 5.7 mmol) was dissolved in tet-
rahydrofuran (30 mL), treated with sodium hydride (0.15 g, of
80% dispersion in oil, 5.2 mmol), heated to reflux for 100 min,
and then cooled to 5 °C and treated with methanesulfony? chloride
(0.45 mL, 5.8 mmol) over 3 min. The mixture was stirred for 90
min at 12~15 °C and then treated with N,N-dimethylformamide
(15 mL), triethylamine (0.8 mL, 5.7 mmol), and a solution of
potassium cyanide (0.37 g, 5.7 mmol) in water (20 mL) and heated
at 65-80 °C for 2 h. The resulting mixture was poured into
aqueous potassium carbonate (50 mL) and extracted with diethyl
ether (4 X 60 mL) to give an oil (0.5 g) which showed IR (neat)
2240 cm™.. This oil was dissolved in water (1 mL) and 98% sulfuric
acid (1 mL) and heated to 110 °C for 80 min and after neu-
tralization the mixture was chromatographed on silica gel with
dichloromethane—~methanol (4:1) as eluant to give trans-2-(1-
pyrrolidinyl)cyclohexanecarboxylic acid (23) (197 mg, 1 mmol,
17%): IR (neat) 1593 cm™; NMR (DMSO-dg) 6 3.3 (1 H, m,
obscured, COOH), 2.75 (56 H, m, 2 CH,N, CHN), 2.10 (2 H, m,
CHCOOH, one of CHy), 1.9-1.7 (6 H, m, 3 CH,), 1.6 (1 H, m, one
of CH,), 1.4-1.1 (4 H, m, 2 CH,).

Amino acid 23 (197 mg, 1.0 mmol) was treated with thionyl
chioride followed by the above amine (26), according to the general
method for forming amides described above, to give 24 (30 mg,
8%): IR (neat) 1634 cm™!; MS (EI) m/e 340.2176 (CyHyN,0,
requires m/e 340.2175).

Biological Assays. u and « receptor binding assays and an-
algesic assay were performed as previously described.!
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