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4-[(Alkylamino)methyl]furo[3,2-c]pyridines: A New Series of Selective K-Receptor 
Agonists 
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The synthesis of 5-(arylacetyl)-4-[(alkylamino)methyl]furo[3,2-c]pyridines (16-23, 26, 27) and 
their activities as K-opioid receptor agonists are described. K-Agonist potency was particularly 
sensitive to the nature of the basic moiety. In particular, in the rabbit vas deferens (^specific 
tissue), the 3-pyrrolidinol analogue 17 (IC50 = 2.7 nM) was found to be approximately 5-fold more 
potent than the corresponding pyrrolidine analogue 16 (IC50 = 15 nM). In the rat and hamster 
vasa deferentia (^-specific and 5-specific tissues, respectively), 17 showed only weak antagonist 
activity (P.KB > 5.5), underlining its selectivity for the K-opioid receptor. The major activity for 
17 is resident in the 4S,3'S-isomer 26 (rabbit vas deferens IC50 = 1.1 nM). Compound 26 displays 
excellent antinociceptive activity, as determined in the mouse acetylcholine-induced abdominal 
constriction test (ED50 = 0.001 mg/kg, sc). 

The high level of interest in the medicinal chemistry of 
opioids during the past decade has stemmed, in large part, 
from the identification of three distinct opioid receptor 
subtypes: jt,K, and 8.1 It is well established that activation 
of each of these receptors can produce antinociceptive 
effects in a variety of animal models.2 In particular, 
considerable effort has been expended in obtaining 
selective K-agonists with the expectation that such com
pounds should be strong analgesics3 devoid of many of the 
undesirable side effects associated with morphine-like 
^-agonists (e.g., respiratory depression, constipation, 
physical dependence).4 In addition to playing a role in 
antinociception, activation of the K-opioid receptor can 
produce neuroprotective effects in certain animal models 
of cerebral ischaemia,5 i.e., clincal use of K-agonists may 
provide a novel approach for the treatment of stroke. 

As part of a program of research aimed at identifying 
selective K-receptor agonists as potential analgesic6 and 
neuroprotective7 agents, our interest in this area has 
centered on the 2-[(alkylamino)methyl]piperidine class 
of K-agonist 1. It has previously been shown that certain 
compounds within this group [e.g., 2 (GR45809)] are both 
potent and selective agonists at the K-opioid receptor.8,9 

As an extension of these discoveries, we and others6,10 have 
studied the effect of fusion of benzenoid (e.g., 3) and 
heteroaromatic ring systems onto the piperidine nucleus 
of 1. The finding that these modifications furnished potent 
and selective K-agonists encouraged us to evaluate the 
profiles of structures incorporating an electron-rich furan 
nucleus. We now report on the synthesis and K-agonist 
activity of a novel series of 4-[(alkylamino)methyl]furo-
[3,2-c]pyridines (16-23,26,27). Structure-activity stud
ies9 have shown that within the 2-[(alkylamino)methyl]-
piperidine series (1), (3,4-dichlorophenyDacetyl11 is one 
of the optimum N-acyl groups for K-agonist activity. 
Accordingly, in the present work, this feature has been 
retained and we have focused on selected modifications 
of the basic moiety which, based upon our previous studies,8 

can result in high K-agonist potency. 
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Chemistry 

The general route shown in Scheme 1 was used to 
synthesize the majority of the compounds described in 
this paper. The novel methyl 4,5,6,7-tetrahydrofuro[3,2-
c]pyridine-4-carboxylate intermediates 6 and 7 were 
prepared from the known furanethylamines 412 and 5,13 

respectively, and converted into the amides 8-11 by heating 
with the appropriate neat amine. Subsequent reduction 
with lithium aluminum hydride followed by acylation of 
the resulting diamines 12—15 with 3,4-dichlorophenylacetic 
acid, using l.l'-carbonyldiimidazole activation, provided 
the desired analogues 16-19, 22, and 23. In the case of 
analogues possessing the 3-pyrrolidinol group, some OJf-
diacylation was observed at this latter stage. However, 
selective O-deacylation could be readily effected upon 
hydrolysis with lithium hydroxide. 

The 3-pyrrolidinone 20 was obtained via Swern oxidation 
of the alcohols 17 (Scheme 2). Preparation of the 1,2,3,6-
tetrahydropyridinyl derivative 21 necessitated an alterna
tive approach via the alcohol 28 which was obtained by 
reduction of the ester 6 (Scheme 3). O^V-Diacylation of 
the alcohol 28 with 3,4-dichlorophenylacetic acid followed 
by O-deacylation gave the amido alcohol 29. Swern 
oxidation of 29 and immediate reductive animation of the 
resulting crude aldehyde with 1,2,3,6-tetrahydropyridine 
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and sodium cyanoborohydride afforded the required 
analogue 21. 

The component diastereoisomers of 17 (i.e., 22 and 23) 
were synthesized by employing 3(i?)- and 3(S)-pyrrolidinol 
in the general route illustrated in Scheme 1. The 
preparation of 3(i?)- and 3(S)-pyrrolidinol was based upon 
the method described by JoullS et al.14 (Scheme 4). 
However, this method, which involves direct reaction of 
(S)-(-)-malic acid with benzylamine followed by lithium 
aluminium hydride reduction of the resulting hydrox-
ysuccinimide, was reported to afford iV-benzyl-3(S)-
pyrrolidinol [(S)-31] in only 84% enantiomeric purity. 
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Pd-C.6 Structures depict absolute configuration for the synthesis 
of (S)-32; an identical set of conditions was used to obtain the 
corresponding optical antipode. 

Having confirmed that this is indeed the case, we elected 
to modify the procedure by using much milder conditions. 
Following initial activation using acetyl chloride, reaction 
with benzylamine was conducted at 20-25 °C, and then, 
further treatment with acetyl chloride gave (S)-30. Using 
this method, epimerization of the 3-hydroxyl group could 
be avoided; subsequent reduction with lithium aluminium 
hydride gave the enantiomer (S)-31 in >98% ee (as 
determined by XH NMR using (#)-(-)-2,2,2-trifluoro-l-
(9-anthryl)ethanol as the chiral solvating agent), which 
upon hydrogenolysis provided (S)-32. A similar sequence 
starting from (i?)-(+)-malic acid gave (i?)-32 in 95% ee. 

Since the x-receptor agonist activity was found to 
predominate in 23 (mixture of R- and S-isomers at C-4), 
derived from (S)-3-pyrrolidinol, the diastereomeric acetate 
derivatives 24 and 25 were prepared, separated by HPLC, 
and converted to the 4S,3'S- and 4fl,3'S-isomers 26 and 
27, respectively (Scheme 5). The absolute stereochemistry 
at C-4 of the piperidine nucleus was determined by X-ray 
analysis of compound 27 (Figure 1). 

Biological Results and Discussion 

The /c-agonist activity of the 4-[(alkylamino)methyl]-
furo[3,2-c]pyridines was determined in vitro using the 
isolated rabbit vas deferens (LVD) preparation, which is 
rich in x-opioid receptors.15 The receptor selectivities for 
16 and 17 were assessed by comparing the activity 
determined in the LVD preparation with that in the rat 
vas deferens (RVD)16 and hamster vas deferens (HVD)17 

tissues which are rich in y.- and 5-opioid receptors, 
respectively. Antinociceptive activity was determined 
using the mouse acetylcholine-induced abdominal con
striction test18 following subcutaneous administration of 
the agonist, ED50 values being determined in each case. 

All the compounds in this series were found to behave 
as high efficacy agonists in the LVD. Modification of the 
basic moiety was found to produce a pronounced effect on 
K-agonist potency (Table 1). In particular, the 3-pyrro-
lidinol analogue 17 (GR91272) was found to be ap
proximately 5-fold more potent than the corresponding 
pyrrolidine analogue 16. Interestingly, this potency-
enhancing effect of the 3-pyrrolidinol moiety is not 
necessarily observed in other aromatic-fused systems (cf., 
the 5-hydroxytetrahydroisoquinoline series 33 and 34, 
Table 1). In the rat and hamster vasa def erentia, 16 showed 
no agonist nor antagonist activity up to 10-5 M and 17 
showed only weak antagonist activity (p!?B < 5.5), thereby 
underlining their selectivity for the x-opioid receptor. We 
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Figure 1. X-ray crystal structure of [S-(iJ*,S*)]-5-[(3,4-dichlo-
rophenyl)acetyl]-4,5,6,7-tetrahydro-4-[(3-hydroxy-l-pyrrolidinyl)-
methyl]furo[3,2-c]pyridine (27). 

have reported elsewhere that 17 displays neuroprotective 
properties in a Mongolian gerbil model of global ischaemia.7 

Since 17 contains two asymmetric centers, it was of 
importance to determine whether the x-opioid receptor 
activity predominated in a single diastereoisomer. Ini
tially, the diastereomeric pairs 22 and 23, possessing 3'R-
and 3'S-stereochemistry on the pyrrolidinol moiety, 
respectively, were evaluated, K-Agonist activity was found 
to predominate in the 4S,3'S:4i?,3'S-pair of isomers 23, 
and subsequent isolation of the individual diastereomers 

revealed that activity was resident in the 4S,3'S-isomer 26 
(Table 2). Compound 26 (GR107537) displays excellent 
antinociceptive activity and is among the most potent 
K-agonists reported to date. 

Replacement of the pyrrolidine group by a tetrahydro-
pyridine moiety (compound 21), a modification found to 
enhance potency in a previously described series of 
piperidine analogues,8 had a similar effect in the furo-
[3,2-c] pyridine series. Introduction of a 2-methyl group 
(to give 18) resulted in a 7-fold increase in potency in vitro 
(LVD), although this was not reflected in the antinoci
ceptive test. The reason for the reduced in vivo activity 
of 18 (relative to 17) has not been investigated, but a more 
rapid metabolism to a less active species may be respon
sible. 

Conclusion 

We have demonstrated that the 4-[(alkylamino)methyl]-
furo[3,2-c]pyridines represent a novel, potent series of 
/c-receptor agonists. Activity in this series is particularly 
sensitive to modification of the basic moiety. In particular, 
incorporation of a 3-pyrrolidinol group confers high in 
vitro activity which predominates in the 4S,3'S-isomer 26 
(GR107537). This phenomenon is not observed in the 
analogous tetrahydroisoquinoline 34 and suggests subtle 
differences in agonist-receptor interactions. In vivo, 26 
is a potent antinociceptive agent. 

Experimental Section 
JH NMR spectra were measured (SiMe4 internal standard) on 

a Bruker WM250 (250-MHz) spectrometer. Signals for minor 
rotamers are indicated by an asterisk; in some cases, spectra 
were recorded at elevated temperature to remove this complica
tion. Only the critical assignments and coupling constants are 
given. Mass spectra data were obtained using a VG 7070E 
instrument interfaced to an 11-250 data system. Optical rotations 
were obtained on a Perkin-Elmer 241 polarimeter. Spectroscopic 
and microanalytical data were obtained by Glaxo Structural 
Chemistry Department. All melting points are uncorrected. 
Column chromatography was performed using either Merck 
Kieselgel 60 (Art. 9385, flash chromatography) or alumina UG1 
(Phase Separations Ltd.). Solvents were dried according to 
standard procedures. 

Methyl 4,5,6,7-Tetrahydrofuro[3,2-c]pyridine-4-car boxy-
late (6). A solution of 2-furanethanamine (4) (0.2 g, 1.8 mmol) 
in dry diethyl ether (5 mL) was treated with ethereal hydrogen 
chloride. The resulting solid was collected, dried (in vacuo at 23 
°C), and dissolved in acetonitrile (10 mL). Freshly distilled 
methyl glyoxylate (0.2 g, 2.3 mmol) was added, and the mixture 
was stirred at 23 ° C for 3 h. The resulting precipitate was filtered 
off to give 6 (0.14 g, 36%) as a white solid: mp 144-5 °C; NMR 
(D20, 298 K) 5 3.02 (2H, dt, CH2), 3.58-3.82 (2H, m, CH2), 3.90 
(3H, s, Me), 5.38 (1H, t, CH), 6.63 (1H, d, furan CH), 7.52 (1H, 
d, furan CH). Anal. (C9H12C1N03) C, H, N. 

Methyl 4,5,6,7-Tetrahydro-2-methylfuro[3,2-c]pyridine-
4-carboxylate (7). This was similarly prepared from 5-methyl-
2-furanethanamine (5) and was characterized as the hydrochloride 
salt (47%): mp 152-4 °C. 

l-[(4,5,6,7-Tetrahydro-2-methylfuro[3,2-c]pyridin-4-yl)-
carbonyl]-3-pyrrolidinol (11). The ester hydrochloride 7 (0.6 
g, 2.6 mmol) was basified with potassium carbonate solution (1 
g, in 10 mL of H20), and the free based was extracted into 
dichloromethane (3X10 mL). The combined extracts were dried 
and evaporated to give an oil (495 mg). A mixture of this oil (0.43 
g, 2.2 mmol) and 3-pyrrolidinol (0.9 g, 10.3 mmol) was heated at 
120°Cfor lh. Excess 3-pyrrolidinol was removed by distillation 
(bp 125 °C, ~8 mmHg), and the residue was purified by flash 
column chromatography on silica gel, eluting with dichlo-
romethane-methanol-ammonia (75:10:2), to give 11 (287 mg, 
52%) as a pale brown foam: NMR (DMSO-d6, 413 K) (diaster
eomeric mixture) & 1.8-2.1 (2H, m, CH2), 2.25 (3H, s, Me), 2.4-3.0 
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Table 1. Modification of Basic Moiety: Rabbit Vas Deferens (LVD) and Antinociception Test Results 

R1 

0 -

R1 NR2R3 LVD IC50, nM° 

mouse Ach-induced 
abdominal constriction 

EDso, mg/kg, sc 
16 

17 
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19 
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33 
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Me 

H 
H 
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R = H 
R = OH 

o 
*KJ^OH 

O^OH 
NMe2 

O=*0 

O 
HO ^ 

T N 

15 

2.7 

0.39 

22 

6.0 

1.4 

0.11 
3.8 

0.03 (0.02-0.07) 

0.002 (0.001-0.004) 

0.012 (0.007-O.02) 

NT 

0.019 (0.012-0.03) 

0.004 (0.002-0.006) 

0.003 (0.001-0.004) 
0.084 (0.04-0.17) 

GR45809 0.1 0.001 

0 Figures quoted are the mean of two independent determinations typically with the individual values within ±10% of the mean. 

Table 2. Diastereoisomers of 17: Rabbit Vas Deferens (LVD) and Antinociception Test Results 

no. 

22 
23 
26 
27 

configuration at C-4 

R,S 
R,S 
S 
R 

X 

— OH(fl) 
OH(S) 
OH(S) 
OH(S) 

LVD ICM, nM° 

3.4 
1.1 
0.47 

>1000 

mouse Ach-induced 
abdominal constriction 

EDso, mg/kg, sc 

0.03 (0.008-0.065) 
0.0015 (0.0011-0.002) 
0.001 (0.0005-0.0021) 
NT 

" See footnote to Table 1. 

(3H, m, CH2 + OH), 3.3-3.7 (5H, m, CH, 2 X CH2), 4.35-4.6 (3H, 
m, CH + CH2), 5.80, 5.85 (1H, 2 X s, 2 X furan CH). Anal. 
(C13H18N203) C, H, N. 

The following compounds were similarly prepared from 6 and 
the corresponding amines: l-[(4,5,6,7-tetrahydrofuro[3,2-c]-
pyridin-4-yl)carbonyl]pyrrolidine (8) (49%), 4,5,6,7-tet-
rahydro-AyV-dimethylfuro[3^-c]pyridine-4-carboxamide (9) 
(52%), and l-[(4,5,6,7-tetrahydrofuro[3,2-c]pyridin-4-yl)-
carbonyl]-3-pyrrolidinol (10) (67 %). All of these intermediates 
were used directly in the next reactions. 

l-[(4,5,6,7-Tetrahydro-2-methylfuro[3,2-c]pyridiii-4-yl)-
methyl]-3-pyrrolidinol (15). A suspension of lithium alu
minium hydride (110 mg, 2.9 mmol) in dry tetrahydrofuran (20 
mL) was treated with a solution of 11 (277 mg, 1.1 mmol) in dry 
tetrahydrofuran (15 mL). The mixture was heated at 45 °C for 
4 h. Water (0.11 mL) was cautiously added to the cooled (to 23 
°C) mixture followed by aqueous sodium hydroxide (2 M, 0.33 
mL) and water (0.11 mL). The mixture was filtered, and the 
filtrate was evaporated to give a pale yellow gum (233 mg, 89%) 
which was used directly in the next stage. 
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The following compounds were similarly prepared from the 
corresponding amides: 4,5,6,7-tetrahydro-4-(l-pyrrolidinyl-
methyl)furo[3,2-c]pyridine (12) (100%), 4,5,6,7-tetrahydro-
JNyV-dimethylfuro[3^-c]pyridine-4-methanamine (13) (80%), 
andl-[(4,5,6,7-tetrahydrofuro[3,2-e]pyridin-4-yl)niethyl]-3-
pyrrolidinol (14) (97 %). All of these intermediates were used 
directly in the next reactions. 

5-[(3,4-Dichlorophenyl)acetyl]-4,5,6,7-tetrahydro-4-[(3-
hydroxy-l-pyrrolidinyl)methyl]-2-methylfuro[3,2-c]pyri-
dine (18). To a solution of l.l'-carbonyldiimidazole (197 mg, 1.2 
mmol) in dry dichloromethane (8 mL) was added 3,4-dichlo-
rophenylacetic acid (249 mg, 1.2 mmol) in dry dichloromethane 
(2 mL), and the resulting solution was stirred under nitrogen for 
1 h at 23 °C. A solution of 15 (115 mg, 0.49 mmol) in dry 
dichloromethane (8 mL) was added, and the mixture was stirred 
for 3 days. The reaction mixture was washed with sodium 
carbonate solution (2 N, 2 X 5 mL), dried, and evaporated to give 
a gum. A solution of this material in a mixture of tetrahydrofuran 
(8 mL) and water (2 mL) was treated with lithium hydroxide 
monohydrate (42 mg, 1.0 mmol), and the mixture was stirred at 
23 °C for 0.5 h. The organic solvent was evaporated, and the 
aqueous residue was extracted with dichloromethane (2 X 10 
mL). The combined organic extracts were dried and evaporated 
to give a gum (233 mg) which was purified by flash column 
chromatography on silica gel, eluting with dichloromethane-
methanol-ammonia (150:8:1), to give 18 (146 mg, 71%) as a 
colorless foam. Anal. (C2iH24Cl2N2O3-0.2H2O) C, H, N. 

The following compounds were similarly prepared: 5-[(3,4-
dichlorophenyl)acetyl]-4,5,6,7-tetrahydro-4-(l-pyrrolidiiiyl-
methyl)furo[3,2-c]pyridine fumarate (1:1.5) (16) [mp 220-
221 °C. Anal. (C2oH22Cl2N202-1.5C4H404) C, H, N], 5-[(3,4-
dichlorophenyl)acetyl]-4,5,6,7-tetrahydro-4-[(3-hydroxy-l-
pyrrolidinyl)methyl]furo[3,2-c]pyridine hydrochloride (17) 
[mp 189-190 °C. Anal. (C20H23Cl3N2O3-0.5H2O) C, H, N], and 
5-[(3,4-dichlorophenyl)acetyl]-4,5,6,7-tetrahydro-JV,JV-dim-
ethylfuro[3,2-c]pyridine-4-methanamine fumarate (1:1) (19) 
[mp 199-200 °C. Anal. (CMH^CySFjiOe) C, H, N]. 

5-[(3,4-Dichlorophenyl)acetyl]-4,5,6,7-tetrahydro-4-[(3-
oxo-l-pyrrolidinyl)methyl]furo[3,2-c]pyridine (20). A solu
tion of oxalyl chloride (0.085 mL, 124 mg, 0.97 mmol) in dry 
dichloromethane (2 mL) at -50 °C was treated with a solution 
of dry dimethyl sulfoxide (0.165 mL, 2.3 mmol) in dry dichlo
romethane (2 mL) over a 15-min period. Stirring was continued 
at -60 °C for 20 min, and the mixture was treated with 17 (220 
mg, 0.54 mmol) in dry dichloromethane (10 mL) over a 20-min 
period. The mixture was stirred at -60 °C for 30 min and treated 
with triethylamine (0.4 mL). Water (10 mL) was added, and the 
product was extracted with dichloromethane (2 X 20 mL). The 
combined extracts were dried and evaporated to give an oil. This 
material was purified by flash column chromatography on silica 
gel, using dichloromethane-methanol-ammonia (200:8:1) as 
eluent, to give the free base of 20 as a gum. This was characterized 
as its fumarate salt (50 mg, 18 %): mp 183-184 °C; NMR (DMSO-
d6,413 K) 6 2.30 (2H, t, CH2), 2.64-2.75 (2H, m, CH2), 2.87 (2H, 
d, CH2), 2.9-3.1 (4H, m, 2 X CH2), 3.37 (1H, m, CH), 3.85 (2H, 
AB, CH2), 4.38 (1H, br d, CH), 5.32 (1H, br t, CH), 6.45 (1H, d, 
furan CH), 7.25 (1H, dd, ArH), 7.4-7.6 (3H, m, ArH + furan CH). 
Anal. (C24H24C12N207) C, H, N. 

4,5,6,7-Tetrahydrofuro[3^-c]pyridine-4-methanol (28). A 
suspension of lithium aluminium hydride (0.6 g, 16.0 mmol) in 
dry tetrahydrofuran (25 mL) was treated with a solution of 6 (1.8 
g, 9.95 mmol) in dry tetrahydrofuran (10 mL) over a 10-min period. 
The mixture was stirred at 23 °C for 3 h. The reaction was 
quenched by sequential addition of water (0.6 mL), aqueous 
sodium hydroxide solution (2 M, 1.8 mL), and water (0.6 mL). 
The mixture was filtered, and the filtrate was evaporated to give 
28 (1.15 g, 76%): mp 66-69 °C; NMR (CDC13, 298 K) 6 2.23 (2H, 
br s, OH + NH), 2.55-2.74 (2H, m, CH2), 3.0-3.25 (2H, m, CH2), 
3.55-3.80 (2H, ABX, CH2), 3.92 (1H, m, CH), 6.23 (1H, d, furan 
CH), 7.29 (1H, d, furan CH). Anal. (CsHnNOj) C, H, N. 

5-[(3,4-DichIorophenyl)acetyl]-4,5,6,7-tetrahydrofuro-
[3,2-c]pyridine-4-methanol (29). A solution of 3,4-dichlo-
rophenylacetic acid (4.6 g, 22 mmol) in dry dichloromethane (100 
mL) was treated with l,l'-carbonyldiimidazole (3.6 g, 22 mmol). 
The reaction mixture was stirred at 23 °C for 30 min. A solution 
of 28 (1.13 g, 7.4 mmol) in dry dichloromethane (20 mL) was 

added, and the mixture was stirred at 23 ° C for 20 h. The reaction 
mixture was washed with aqueous sodium carbonate solution (1 
M, 2 X 100 mL), dried, and evaporated to dryness. The residue 
was dissolved in tetrahydrofuran (ca. 50 mL), and a solution of 
lithium hydroxide monohydrate (0.375 g, 8.93 mmol) in water 
(40 mL) was added. The mixture was vigorously stirred at 23 °C 
for 1 h. Further lithium hydroxide monohydrate (0.2 g, 4.7 mmol) 
was added, and the mixture was stirred for 20 min. The organic 
solvent was evaporated, and the aqueous residue was extracted 
with dichloromethane (50 mL). The organic extract was dried 
and evaporated to give a solid which was crystallized from methyl 
acetate-hexane to give 29 (1.81 g, 72%): mp 155-156 °C; NMR 
(DMSO-d6,413 K) 6 2.55-2.80 (2H, m, CH2), 3.30 (1H, m, CH), 
3.70 (2H, d, CH2), 3.90 (2H, AB, CH2), 4.3-4.6 (2H, br d + br s, 
CH + OH), 5.19 (1H, br t, CH), 6.40 (1H, d, furan CH), 7.25 (1H, 
dd, ArH), 7.40-7.55 (3H, m, ArH + furan CH). Anal. (Ci6Hi6-
C12N03) C, H, N. . 

5-[(3,4-Dichlorophenyl)acetyl]-4^,6,7-tetrahydro-4-[(U,3,6-
tetrahydro-l-pyridinyl)methyl]furo[3,2-c]pyridine (21). A 
solution of oxalyl chloride (0.16 mL, 0.23 g, 1.8 mmol) in dry 
dichloromethane (12 mL) at -65 °C was treated with a solution 
of dry dimethyl sulfoxide (0.21 mL, 0.23 g, 2.9 mmol) in dry 
dichloromethane (3 mL) at -65 °C, and the resulting solution 
was stirred for 20 min. A solution of 29 (0.40 g, 1.18 mmol) in 
dry dichloromethane (10 mL) was added over 5 min, and the 
mixture was stirred at -65 °C for 3 h. The mixture was allowed 
to warm to -20 °C, and triethylamine (1.0 mL, 0.7 g, 7 mmol) was 
added. Water (10 mL) was then added, and the product was 
extracted with dichloromethane (2 X 10 mL). The combined 
organic extracts were dried and evaporated to dryness. A solution 
of the resultant crude aldehyde in methanol (12 mL), at -65 °C, 
was treated with tetrahydropyridine (0.2 mL, 2.2 mmol) and 3-A 
molecular sieves (0.5 g). The pH of the reaction was adjusted 
to 6 using methanolic hydrogen chloride solution. Sodium 
cyanoborohydride (0.183 g, 2.9 mmol) was added, and the reaction 
mixture was stirred at 23 °C for 3 days. The mixture was filtered 
and the filtrate evaporated to dryness. The residue was dissolved 
in 2 N sodium carbonate solution (10 mL) and extracted with 
dichloromethane (3 X10 mL). The combined extracts were dried 
and evaporated to give an oil which was purified by flash column 
chromatography on silica gel, initially eluting with ether and 
then later with ether-methanol-ammonia (1000:8:1), to give 21 
(89 mg, 19 %). This compound was characterized as its fumarate 
salt: mp 199-200 °C. Anal. (CMHasClj^Oe) C, H, N. 

(.R)-(+)-3-(Acetyloxy)-l-(phenylmethyl)-2,5-pyrrolidinedi-
one t(B)-30]. A mixture of CR)-(+)-malic acid (6.7 g, 0.05 mol) 
and acetyl chloride (20 mL, 0.28 mol) was heated at reflux for 
2 h. The solvent was removed, and the residue was dissolved in 
dichloromethane (100 mL) and treated with benzylamine (20 
mL, 0.18 mol). The reaction mixture was stirred at 23 °C for 18 
h, acetyl chloride (20 mL, 0.28 mol) was added, and the mixture 
was heated at reflux for 5 h. The reaction mixture was evaporated 
to dryness, and the residue was purified by dry flash column 
chromatography on silica gel, using ethyl acetate-hexane (3:1) 
as eluant, to give (f?)-30 (10.2 g, 83 %): mp 49-51 °C; [a] M

D +39° 
(1.0%, w/v MeOH); NMR (CDCI3, 298 K) 8 2.15 (3H, s, CH3), 
2.60-3.21 (2H, ABX, CH2), 4.69 (2H, AB, CH2), 5.45 (1H, ABX, 
CH), 7.28-7.42 (5H, m, ArH). Anal. (d3H13N04) C, H, N. 

Similarly prepared from (S)-(-)-malic acid was (S)-(-)-3-
(acetyloxy)- l - (phenylmethyl) -2 ,5-pyrrol idinedione 
[(S)-30]: mp58-60°C;[a]20

D -40.6° (1.0%, w/v MeOH). Anal. 
(Ci3H13N04) C, H, N. 

(iJ)-(+)-l-(Phenylmethyl)-3-pyrrolidinol [(JZ)-31]. A sus
pension of lithium aluminum hydride (2.45 g, 0.064 mol) in dry 
tetrahydrofuran (50 mL) was treated with a solution of (iJ)-30 
(5.1 g, 0.0205 mol) in dry tetrahydrofuran (50 mL), and the 
reaction mixture was heated under reflux for 2 h. Water (2.5 
mL) was cautiously added to the cooled (to 23 °C) reaction mixture 
followed by aqueous sodium hydroxide solution (2 M, 7.5 mL) 
and water (2.5 mL). The reaction mixture was filtered, the filtrate 
was evaporated, and the residue was purified by flash column 
chromatography on silica gel, with dichloromethane-methanol-
ammonia (150:8:1) as eluant, to give (R)-3l (2.33 g, 64%) as an 
oil: [a]*>B +3.7° (0.9%, w/v MeOH). Anal. (CnH16NO-0.2H2O) 
C, H, N. 
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Similarly prepared from (S)-30 was (S)-(-)-l(phenylmethyl)-
3-pyrrolidinol [(S)-31]:14 [a]»D-1.02o (0.7%, w/v MeOH). 

(JS)-(+)-Pyrrolidinol [(B)-32]. A solution of (fl)-31 (2.2 g, 
0.0124 mol) in a mixture of ethanol (30 mL) and acetic acid (1 
mL) was hydrogenated at 70 psi over 10% palladium oxide on 
carbon (50% wet paste, 0.9 g) for 6 h. The reaction mixture was 
filtered through Hyflo, and the filtrate was evaporated to dryness. 
The residue was dissolved in a solution of potassium hydroxide 
(1.0 g, 0.023 mol) in ethanol (20 mL), and then, the solvent was 
evaporated and the residue triturated with dichloromethane (2 
X 50 mL). The combined organic extracts were evaporated, and 
the resultant residue was purified by distillation (Kugelrohr; bp 
100 °C at 1.5 mmHg) to give (fl)-32 as a colorless oil (0.95 g, 
88%): [a]*>D+5.7° (0.7%, w/v MeOH). Anal. (C4H9NO-0.2H2O) 
C, H, N. 

Similarly prepared from (S)-31 was (S)-(-)-3-pyrrolidinol 
[(S)-32]:u [aPo -5.2° (1.0%, w/v MeOH). 

[R-(R*Jt*)]- and [J?-(.R*,S*)]-l-[(4,5,6,7-Tetrahydrofuro-
[3,2-c]pyridin-4-yl)carbonyl]-3-pyrrolidmol[[fi-(fl*^B*)]-
101 and [[.R-(.R*,S*)]-10]. These were prepared from 6 and (fl)-
32 (58%), as an off-white foam, by the method described for 10: 
NMR (DMSO-ds, 413 K) (diastereomeric mixture) & 1.8-2.1 (2H, 
m, CH2), 2.5-2.7 (2H, m + br s, CH + OH), 2.88-3.01 (1H, m, 
CH), 3.30-3.72 (5H, m, 2 X CH2 + CH), 4.30-4.68 (3H, 2 X m, 
CH + CH2), 6.22,6.28 (1H, 2 X d, furan CH), 7.38 (1H, br s, furan 
CH). Anal. (d2H16N2O3-0.3H2O) C, H, N. 

Similarly prepared from 6 and (S)-32 was [S-(i?*,S*)]-10 and 
[S-(fl*,fl*)]-10(68%). 

[R-(R*Jt*)]- and [J?-(.R*„S*)]-l-[(4,5,6,7-Tetrahydrofuro-
[3,2-c]pyridin-4-yl)methyl]-3-pyrrolidinol[[J?-(JF^)]-14] 
and [[fl-(.R*„S*)]-14]. These were prepared from [R-(R*Jl*)]-
10 and [fl-(fl*,S*)]-10 (93%) as described for 14. 

Similarly prepared from [S-(i?*,S*)]-10 and [S-(R*Jl*)]-10 
were [S-(B*^*)]- and [S-(.R*,S*)]-l-[(4,5,6,7-tetrahydrofuro-
[3,2-c]pyridin-4-yl)methyl]-3-pyrrolidinol[[S-(JJ*,fl*)]-14] 
and [[S-(.R*,S*)]-14]. 

Both these diamines were used directly in subsequent reactions 
without purification. 

[R-(R*Jl*)]- and [.R-(.R*„9,')]-<-)-5-[(3,4-Dichloropb.enyl)-
acetyl]-4,5,6,7-tetrahydro-4-[(3-hydroxy-l-pyrrolidinyl)m-
ethyl]furo[3,2-c]pyridine (22). A solution of 3,4-dichlorophe-
nylacetic acid (0.31 g, 1.51 mmol) and l,l'-carbonyldiimidazole 
(0.25 g, 1.54 mmol) in dry dichloromethane (10 mL) was added 
to a solution of [R-(R*Jt*)]-U and [iJ-(fl*,S*)]-14 (0.280 g, 1.25 
mmol) in dry dichloromethane (20 mL). The mixture was stirred 
at 23 °C for 18 h. The reaction mixture was washed with aqueous 
sodium carbonate solution (1M, 2 X 20 mL), dried, and evaporated 
to give an oily residue. This residue was purified by flash column 
chromatography on silica gel, with dichloromethane-methanol-
ammonia (150:8:1) as eluant, to give 22 as a gum. This material 
was characterized as its hydrochloride salt (0.31 g, 55%): mp 
185-189 °C. Anal. (C2oH22Cl2N203-HCl) C, H, N. 

Similarly prepared from .[S-(fl*,fl*)]-14 and [S-(iJ*,S*)]-14 
were [S-(R*Jl*)]- and [S-CZf.S^-H-S-tO^-dichlorophe-
nyl)acetyl]-4^,6,7-tetrahydro-4-[(3-hydroxy-l-pyrrolidinyl-
)methyljfuro[3,2-c]pyridine (23) which were characterized as 
the hydrochloride salt: mp 184-187 °C. Anal. (CMHM-
Cl2N2O3-HCl-0.3H2O) C, H, N. 

[S-(R*Jt*)]- and [S-(«*„S*)]-l-[[5-[(3,4-Dichlorophenyl)-
acetyl]-4,5,6,7-tetrahydrofuro[3,2-c]pyridin-4-yl]methyl]-3-
pyrrolidinol Acetate (24 and 25). A solution of acetyl chloride 
(0.025 mL, 0.027 g, 0.35 mmol) in dichloromethane (1 mL) was 
added to a stirred solution of triethylamine (0.044 mL, 0.32 mmol) 
and [S-(fl*,S*)]-23 and [S-(R*Jl*)]-23 (0.118 g, 0.29 mmol) in 
dichloromethane (10 mL), and the mixture was stirred under 
nitrogen for 0.5 h. The mixture was washed with sodium 
carbonate solution (2 N, 10 mL), dried, and evaporated to give 
a gum (179 mg) which was purified by flash chromatography on 
silica gel, eluting with dichloromethane-methanol-ammonia (450: 
8:1), to give 24 and 25 (101 mg, 78%) as a gum: 1:1 ratio of 
diastereoisomers by HPLC. This material was used directly in 
the next stage. 

[S-(iZ*>A*)]-5-[(3,4-Dichlorophenyl)acetyl]-44,6,7-tetrahy-
dro-4-[(3-hydroxy-l-pyrrolidinyl)methyl]furo[3,2-c]pyri-
dine (26) and [S-(i?*,S*)]-Isomer 27. The acetates 24 and 25 
(520 mg) were separated by preparative HPLC on Spherisorb, 

eluting with hexane-chloroform-methanol-ammonia (1800:200: 
50:1). A solution of 24 (138 mg, 0.31 mmol) in tetrahydrofuran 
(10 mL) was treated with a solution of lithium hydroxide 
monohydrate (22 mg, 0.52 mmol) in water (2 mL), and the mixture 
was stirred for 18 h. The organic solvent was evaporated, and 
the aqueous residue was extracted with dichloromethane (2 X 10 
mL). The combined extracts were dried and evaporated to give 
26 (90 mg, 72%) as a foam: NMR (CDCI3, 298 K) « 1.65-1.90 
(2H, m, CH2), 2.05-3.1 (6H, m), 3.45 (1H, m, CH), 3.7-4.0 (4H, 
m, CH2, 2 X CH), 4.26-4.43 (1H, 2 X m, CH), 4.85*, 4.95* (2 X 
1H, dd + br t, 2 X CH), 5.62 (1H, br t, CH), 6.25, 6.32 (1H, 2 X 
d, furan CH), 7.07*, 7.16 (1H, 2 X dd, ArH), 7.20-7.43 (3H, m, 
2 X ArH + furan CH). Anal. (C2oH22Cl2N203-0.3H20) C, H, N. 

Similarly prepared, from 25, was [S-(JJ*,;S*)]-5-[(3,4-dichlo-
rophenyl)acetyl]-4,5,6,7-tetrahydro-4-[(3-hydroxy-l-pyrro-
lidinyl)methyl]furo[3,2-c]pyridine (27), characterized as its 
hydrochloride salt: mp 216-218 °C. Anal. (CJOHZJCUNA-HCI) 
C, H, N. 

Pharmacological Methods. In Vivo. Compounds were 
evaluated for antinociceptive activity in the mouse acetylcholine-
induced abdominal constriction test following subcutaneous 
administration. ED50 values were determined in each case.18 In 
Vitro. Activities in the rabbit,16 rat,16 and hamster17 vasa 
deferentia were determined as previously described. Potencies 
are quoted as IC50 (or pKs) values. 
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