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Benzomorphans with an electrophilic group in the nitrogen substituent were prepared as potentially irreversible 
ligands for the Kspioid receptor. These were synthesized from products of the reaction of normetazocine with the 
enantiomers of 5-(iodomethyl)-ybutyrolactone (11). a-Methylene y-lactonea 5 and 7 and endocyclic a,B-unsaturated 
y-lactones 8 and 9 were prepared from the corresponding saturated y-lactones 13 and 23 possessing the “active” 
(lR,5R,SR)-benzomorphan stereochemistry. Only y-lactones 8,9,13, and 23, lacking the exocyclic methylene group, 
retain significant affinities for opioid receptor binding sites when compared with the reference compounds (2”S)-3 
and (2”R)-3. As observed with these references compounds, greater binding affinity is also seen with y-lactone 
diastereomers having the 2“s stereochemistry in the nitrogen substituent. Although the y-lactones do not bind 
irreversibly in opioid receptor preparations, they do show K-receptor selectivities comparable to those observed for 
the reference compounds. 

A series of N-(furanylmethy1)- and N-tetrahydro- 
furfurylbenzomorphans (1-3), reported by Merz and co- 
workers?+ have very interesting pharmacological profiles. 
Among these are the N-furanyhethyl series of compounds 
(1 and 2) and related compounds which, depending on the 
location of the attachment of the substituted or unsub- 
stituted furan ring, show mixed agonist antagonist effects 
or even agonist effects, but have no ability to substitute 
for morphine in dependent monkeys. The corresponding 
N-2-furanylethyl homologue is a potent analgesic (25 X 
morphine in the writhing assay).’@ In the more recently 
reported N-tetrahydrofurfuryl series (3), introduction of 
a new chiral center in the N-substitutent greatly influences 
activity. The new 2”s chiral center confers primarily 
potent analgesic properties (up to 50 X morphine on a 
molar basis) and no ability to substitute for morphine in 
dependent monkeys to (2’59-3 (R = Me), while its dia- 
stereomer with the 2”R chiral center had primarily an- 
tagonist properties.’~~ Compound (2/’R)-3 (R = Me) 
showed weak analgesic properties in the writhing assay and 
was not analgesic in the tail-clip and hot-plate assays. The 
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effects of these agents have been assigned primarily to 
interaction at the K-receptor subclass of opioid receptors 
where 1 (X = H, R = Et, MR-2266) is believed to be a 
selective a n t a g ~ n i s t . ~ ~  Although the N-tetrahydrofurfuryl 
compounds displace K-receptor ligands, they also displace 
preceptor ligands. 

8 y=-H2c#$ WSM (MR-2031,IGW 

Based on this information, we prepared the diastereo- 
meric N-substituted a-methylene ylactone derivatives that 
have an electrophilic group incorporated into the tetra- 
hydrofurfuryl substituent in order to obtain possible af- 
finity ligands for K-receptors. We thought that replacement 
of the (2”S)-tetrahydrofurfuryl substituent on the basic 
benzomorphan nitrogen with the analogous (2”S)-a- 
methylene y-lactone substituent (as in 5) would provide 
minimal structural distortion, thereby maintaining a high 
degree of affinity for opioid binding sites, while simulta- 
neously incorporating a potentially useful electr~phile’*~~ 
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Scheme Io 

OReagents: (a) (5S)-ll;  (b) separation; (c) tert-butyldimethylsilyl chloride; (d) LDA, then CH20; (e) MsCl; (0 pyridine, heat; (g) (n- 
Bu),N+F. 

Scheme 11" 

16R= TBDMS 'O R =  TBDMS 'O 
S S R = H  

25 R I TBDMS J I R =  TBDMS 
I R = H  

a Reagents: (a) Li+N-(SiMe&; (b) PhSeBr; (c) (n-Bu),N+F; (d) 
HCl, ether: (e) MCPBA. 

into the molecule. A number of highly selective electro- 
philic ligands for various subtypes of opioid receptors have 
been reported,l4-l6 including some for the  receptor."-'^ 
Although various electrophiles have been incorporated into 
a number of locations in the skeletal framework of the 
ligands, few have these substituents a t  the basic nitrogen. 
The location of the electrophilic a-methylene y-lactone 
functionality on the basic nitrogen would probe for the 
presence of a receptor bound nucleophile in the region of 
opioid receptor site(s) associated with binding of the N- 
substituent. 
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The corresponding endocyclic (2"s)- and (2"R)-(u,&un- 
saturated y-lactones 8 and 9, based on the active 
(lR,5R,SR)-benzomorphan stereochemistry,20 were also 
prepared from intermediates in the synthesis. These 
compounds incorporate the electrophilic a,@-unsaturated 
y-lactone system at  the same N-substituent, but they lack 
the additional exocyclic carbon atom. The corresponding 
saturated y-lactones, intermediates 13 and 23, were also 
tested for their binding affinity a t  opioid receptors. 

HoQ Hoa 
8 (lR,6R,gRZS) e (IR,W,gR,2-R) 

Chemistry. The a-methylene y-lactones 4-7 were 
synthesized from intermediate tertiary amines prepared 

(20) Active benzomorphans have the 1R,5R and the 9R/S stereo- 
In this series, compounds with the 1R,5R,9R 

stereochemistry and compounds enantiomeric at these centers 
were prepared. 
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by N-alkylation of racemic normetazocine ( with the 
enantiomeric iodo y-lactones (5s)- and (5R)-1 122 (Scheme 
I). The enantiomeric iodo y-lactones are readily available 

IHzC 

)I 
IHaC,,, 

Electrophilic y-Lactone K-Opioid Receptor Probes 

0 0 

(5w-11 (SRb11 

from the enantiomers of glutamic acid.22 When racemic 
normetazocine (10) and iodo y-lactone (58-11 were heated 
at  95 “C in DMF in the presence of NaHCO,, the two 
diastereomeric tertiary amines 12 and 13 were obtained. 
These diastereomers were readily separated by flash col- 
umn chromatography. The levorotatory y-lactone 13 is 
the 2”s diastereomer incorporating the “active” 
(lR,5R,SR)-benzomorphan stereochemistry.20 

y-Lactones 12 and 13 were converted to the corre- 
sponding a-methylene y-lactones 4 and 5, respectively, in 
five steps. The phenolic hydroxyl group of y-lactone 12 
was first protected as its tert-butyldimethylsilyl ether 14. 
a-Methylenation of y-lactone 14 was achieved in three 
steps by hydroxymethylation, methanesulfonation, and 
elimination” (intermediates 16 and 18) to provide the 
silyl-protected a-methylene y-lactone 20. Removal of the 
silyl protecting group with tetrabutylammonium fluoride 
provided phenolic a-methylene y-lactone 4. In a similar 
manner, the phenolic a-methylene y-lactone 5 was ob- 
tained from y-lactone 13 through analogous intermediates 
15, 17, 19, and 21. 

Similarly, when a mixture of racemic normetazocine (10) 
and iodo y-lactone (5R)-ll was heated at  95 “C in DMF 
in the presence of NaHC03, the diastereomeric tertiary 
amines 22 and 23 were obtained. All spectral data from 
22 were identical with those from 13 except the optical 
rotations, indicating they are enantiomers. Similarly, 23 
and 12 are enantiomers. y-Lactones 22 and 23 were then 
converted to the phenolic a-methylene y-lactones 6 and 
7, respectively, as described above for the conversions of 
12 and 13 to 4 and 5, respectively. 

a,@-Unsaturated lactone 8 was prepared from 03-sily- 
lated saturated lactone 15 (Scheme 11). Selenation pro- 
duced a mixture of diastereomeric a-phenyl selenides (32). 
Completion of the sequence was accomplished by fluoride 
ion deprotection followed by oxidation and elimination of 
the phenyl selenides. The order of these steps was critical 
because if the conversion was attempted in the reverse 
order, decomposition occurred. The oxidation step using 
m-chloroperbenzoic acid required conversion of the tertiary 
amine to its hydrochloride salt to prevent its participation 
in the oxidative decomposition of the selenides. The 2“R 
diastereomeric y-lactone 9 was prepared from 03-silylated 
saturated y-lactone 25 by the same method (Scheme 11). 

Opioid Receptor Binding. a-Methylene y-lactones 4-7 
were examined for their ability to displace [3H]bremazo- 
cine, a universal ligand with significant K-receptor affinity, 
from binding sites on cell membranes prepared from whole 
guinea pig brain minus cerebellum (Table I). Only lactone 
5 exhibited activity (ICM = 380 nM) in the assay for total 
opioid sites labeled by [SH]bremazocine. Compound 5 was 
not more potent when the radioligand displacement assays 
were run in the presence of unlabeled DAGO [D-Ala2- 
NMe-Phe4-Gly-ols-enkephalin] and DPDPE [D-Pen2-D- 

(21) Normetazocine was obtained from the National Institute on 
Drug Abuse. 

(22) Mori, K. Tetrahedron 1975, 31, 3011-3012. 

Table I. Opioid Receptor Binding against 0.5 nM 
[SH]Bremazocine of y-Lactones in the Guinea Pig Brain 
Membrane Preparation 

ICC 
compounds total sites K-sitesb 

a-Methylene y-lactones 
4 (lS,5S,9S,2”S) 1300 - 
5 (1R,5R,9R,2”S) 380 400 
6 (lS,5S,9S,2”R) 1800 - 
7 (lR,5R,9R,2”R) >3000 - 

a,&Unsaturated y-Lactones 
8 (1R,5R,9R,2jfS) 7.4 5.4 
9 (lR,5R,9R,2”R) 89 74 

Saturated y-Lactones 
13 (lR,5R,9R,2”S) 12 7.3 
23 (lR,5R,9R,2”R) 620 400 

Reference Compounds 
(2”S)-3 (MR-2034) (1R,5R,9R,2”S) 2.3 1.7 
enant-(2”S)-3 (MR-2035) (lS,5S,9S,2”R) IO00 - 
(2”R)-3 (MR-1526) (lR,5R,9R,2”R) 84 70 
2 (MR-1029) (1R,5R99R) 6.8 5.7 
1 (MR-2266) (1R,5R,9R) 2.9 1.6 
enant-1 (MR-2267) (1S,5S,9S) 2200 - 
naloxone 23 - 
naltrexone 5.7 9.5 

Values are averages of duplicate determinations (*10-15%). 
bBinding assay done in presence of 100 nM DAGO and 100 nM 
DPDPE to block p- and &receptors. 

Table 11. Irreversibility of Opioid Receptor Binding and 
Protection by Naloxone 

% recovery of specific binding of 
0.5 nM [SH]bremazocine binding 

drug (concn)* unwashed washed protected 
naloxone (1000 nM) 0 100 
lactone 5 (loo0 nM) 50 83 82 
lactone 8 (60 nM) 9 96 97 
lactone 9 (100 nM) 25 93 94 
lactone 13 (50 nM) 0 96 97 

a Values are averages of duplicate determinations (*10-15?6). 
The concentrations of displacing ligands are chosen to approxi- 

mate a 70-85% decrease in binding of [SH]bremazocine (see Table 
I). 

Pen5-enkephalin] to block p and 6 sites, respectively; thus, 
it is not selective for K-sites. 

Compound 5, having the “active” 1R,5R,9R absolute 
configuration and the 2”s configuration in the side chain, 
is 16-fold less potent than naloxone, and approximately 
120-fold less potent than the N-tetrahydrofurfuryl stand- 
ard (2”S)-3 (MR-2034). Compound 7, having the “active” 
lR,5R,9R absolute configuration and the 2”R configuration 
in the side chain is devoid of activity. Clearly the change 
from tetrahydrofuran ring to 5’-oxo-4’-methylenetetra- 
hydrofuran moiety is detrimental to opioid receptor 
binding. Steric and/or electronic effects appear to be 
logical reasons for this difference. 

In the displacement assay, the diastereomeric saturated 
lactones with the 1R,5R,9R stereochemistry without the 
a-methylene group (13 and 23), and their unsaturated 
analogues 8 and 9 were more potent. Those with the 2”s 
stereochemistry were about 3-5 times less potent than 
(2”-S)-3. The 2”R diastereomers, although about 12-50 
times less potent than the 2”s compounds, were more 
potent than the (2”s)-a-methylene y-lactones by ca. 3-5- 
fold. There was no significant difference between the 
saturated and unsaturated lactones having the 2”s stere- 
ochemistry. However, in the lactones with the 2”R con- 
figuration, the endocyclic unsaturated y-lactone was 5-7 
times more potent than the corresponding saturated lac- 
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tone. This result suggests the greater degree of unsatu- 
ration, and perhaps the planarity of the furfuryl substit- 
uent, the less the binding is restricted to the 2”s diaste- 
reomer. The greater the degree of unsaturation in the 
five-membered ring, the more closely the compounds re- 
semble the most potent analogue 1. 

The most potent unsaturated lactones 5,8, and 9, and 
saturated lactone 13, the 2”-0xo analogue of (2”S-3), were 
screened for irreversible effects in the binding assay (Table 
11). After preincubation, the receptor preparations were 
washed to remove unbound ligand, and the binding assay 
was repeated. Washing restored 80-95% of binding of 
[3H] bremazocine, clearly indicating no irreversible effects 
of the test compounds. Because washing of the more po- 
tent ligands restores 93-96% of the binding [3H]brema- 
zocine, it seems unlikely that irreversible binding occurs 
a t  any of the opioid receptor types that specifically bind 
bremazocine. 

Conclusion. We conclude that altering of the N- 
tetrahydrofuranyl group is detrimental to opioid receptor 
affinity. The 2rrS-0x0 analogues, both with and without 
the 3”,4”-double bond are potent ligands at opioid recep- 
tors, but 2-5 times less potent than (2”S)-3 (MR-2034) or 
1 (MR-2266), a 3-furanyl analogue. The exo-methylene 
unit at C-4” clearly reduces binding, suggesting significant 
sensitivity to steric effects a t  this position, although the 
tested series did not include the a-methyl compounds to 
separate steric and electronic effects. 

A moderate degree of selectivity for K-sites was observed 
with unsaturated y-lactones 8 and 9 and with saturated 
y-lactones 13 and 23. This selectivity was comparable to 
that observed for (2”S)-3 in our assay. These results 
suggest K-selectivity imparted by the benzomorphan 
skeleton of the molecule to a large extent dictates the 
selectivity for mites observed with these agents. 

The lack of irreversible effect appears to indicate a lack 
of sufficiently reactive nucleophilic groups of the receptor 
near the termini of either the a-methylene unit in 5 or the 
0-carbon atoms in 8 or 9. Thus far, we have not obtained 
ligands with irreversible activity where the electrophile is 
in the N-substituent. 
Experimental Section 

Melting points were determined on a Thomas-Hoover capillary 
melting point apparatus and are uncorrected. Infrared spectra 
were recorded on a Perkin-Elmer 283 spectrometer or a Perkin- 
Elmer 1610 FTIR. NMR spectra were recorded on a Varian 
VXR-300 spectrometer. Chemical shifts are reported in parts 
per million (6) downfield from tetramethylsilane as the internal 
standard. Electron impact (EI) mass spectra were obtained on 
a VG-7070 maas spectrometer and FAB mass spectra on a VG-70 
SEQ mass spectrometer both by direct insertion probe. Optical 
rotations were measured on a JASCO-DIP-4 digital polarimeter. 
Analytical thin-layer chromatography (TLC) was performed on 
Analtech silica gel HLF glaas plates. Flash chromatographp was 
performed using Merck silica gel 60 (230-400 mesh). Dichloro- 
methane and dimethylformamide (DMF) were stored over 3-A 
molecular sieves prior to use. Diisopropylamine, pyridine, and 
triethylamine were stored over KOH. Tetrahydrofuran (THF) 
was distilled from sodium-benzophenone ketyl. All reactions were 
performed in flame-dried flasks under an argon atmosphere. 
Microanalyses were determined by Galbraith Laboratories, 
Knoxville, TN, or by Desert Analytics, Tucson, AZ. Where in- 
dicated by the symbols of the elements, analyses were within 
*0.4% of theoretical values. 

( 1 S ,5S ,9S ,2”S)-5,9-Dimet hyl-2’-hydroxy-2-( 5”-oxotetra- 
hydrofurfuryl)-6,7-benzomorphan (12)  a n d  
(lR,5R,9R,2”5)-5,9-Dimethyl-2’-hydroxy-2-(5”-oxotetra- 
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hydrofurfuryl)-6,7-benzomorphan (13). A mixture of racemic 
normetazocine ( (694 mg, 3.2 mmol), (BS)-(iodomethyl)-~- 
butyrolactonen [(5S)-ll] (790 mg, 3.5 mmol), and NaHCO, (591 
mg, 7.0 ”01) in DMF (9 mL) was heated at 95 “C for 22 h. After 
cooling, the mixture was treated with half-saturated aqueous 
NaHC03 solution (40 mL) and extracted with CHzClz (3 X 20 mL). 
The combined extracts were dried (Na$O$, and the solvents were 
evaporated. The residue was purified by flash chromatography 
(200 g silica gel), eluting with 7% methanol-ethyl acetate (2 L) 
to give 12 (280 mg, 28% yield) as a viscous oil, [“ID = +90.0° (c 
= 1.00, CH2C12), followed by 13 (350 mg, 35% yield) as a viscous 

(d, J = 7.0 Hz, 3 H, C-9 CH3), 1.25-1.35 (m, 1 H, C-4 H), 1.30 

1.85-2.05 (m, 2 H, C-9 H and C-3” H), 2.2-2.4 (m, 2 H, C-3 H 
and (2-3” H), 2.4-2.65 (m, 2 H, C-4N CH2), 2.65-2.75 (m, 1 H, C-3 
H), 2.75-2.9 (m, 4 H, C-8 CH2 and NCH2 lactone), 2.9-3.0 (m, 
1 H, C-1 H), 4.65-4.75 (m, 1 H, C-2“ H), 6.62 (dd, J = 2.4 and 

oil, [“ID = -54.0” (C 1.00, CHZClz). 1 2  ‘H NMR (CDClJ 6 0.81 

(8,  3 H, C-5 CH3), 1.78 (dt, J = 4.9 and 12.7 Hz, 1 H, C-4 H), 

8.2 Hz, 1 H, C-3’ H), 6.71 (d, J = 2.4 Hz, 1 H, C-1’ H), 6.90 (d, 
J 8.2 Hz, 1 H, (2-4‘ H); 13C NMR (CDCl3) 6 14.03, 24.58, 25.22, 
26.24, 28.39, 35.83,41.12, 41.73, 46.31, 59.20, 59.59,80.05, 112.20, 
113.00, 127.06, 127.83, 142.59, 154.38, 177.46; FTIR (neat) 
3600-2900 (OH), 1770,1610,1582,1498 cm-’; HREIMS calcd for 
ClsHZ5NO3 315.1834, found 315.1840. 13: ‘H NMR (CDCls) 6 
0.82 ( d , J  = 6.9 Hz, 3 H, C-9 CH,), 1.25-1.3 (m, 1 H, C-4 H), 1.30 

1.85-2.05 (m, 2 H, C-9 H and (2-3’’ H), 2.2-2.35 (m, 2 H, C-3 H 
and (2-3” H), 2.45-2.65 (m, 3 H, C-3 H and C-4” CH2), 2.65-2.9 
(m, 3 H, NCHp lactone and C-8@ H), 2.94 (d, J = 20.4 Hz, 1 H, 
C-8a H), 2.95-3.05 (m, 1 H, C-1 H), 4.6-4.75 (m, 1 H, (2-2’’ H), 
6.62 (dd, J = 2.5 and 8.2 Hz, 1 H, C-3’ H), 6.71 (d, J = 2.5 Hz, 
1 H, C-1’ H), 6.90 (d, J = 8.0 Hz, 1 H, (2-4’ H), 7.1 (br a, 1 H, 
movable, OH); ‘3c NMR (CDC13) 6 14.08,24.14,25.28,26.20,28.59, 
35.84,41.20,41.64,46.92,58.07,58.72,80.00,112.16,112.97,127.39, 
127.90, 142.62, 154.26,177.35; FTIFt (neat) 3600-2900 (OH), 1771, 
1610,1582,1498 cm-’; HREIMS calcd for ClSHmNO3 315.1834, 
found 315.1835. Anal. (CleHmNO3.1.33Hz0) C, H, N. 

(1S,5S,9S ,2“S )-5,9-Dimethyl-2’-[( tert -butyldimethyl- 
silyl)oxy]-2-( 5”-oxotetrahydrofurfuryl)-6,7-benzomorphan 
(14). A solution of phenol 12 (250 mg, 0.79 mmol), tert-butyl- 
dimethylsilyl chloride (143 mg, 0.95 mmol), and imidazole (129 
mg, 1.90 mmol) in DMF (1.5 mL) was stirred for 40 h and then 
treated with half-saturated aqueous NaHCO, solution (20 mL). 
The mixture was extracted with CHzClp (3 X 10 mL). The com- 
bined extracts were dried (Na2S0,) and the volatiles were evap- 
orated. The residue was purified by flash chromatography (36 
g silica gel), eluting with 4% triethylamineether (700 mL) to give 
silyl ether 14 (210 mg, 62% yield) as white crystals (mp 118-120 

[a, 6 H, Si(CH3),] 0.81 (d, J = 7.1 Hz, 3 H, C-9 CH3), 0.97 [a, 9 
H, SiC(CH3)3], 1.25-1.35 (m, 1 H, C-4 H), 1.31 (a, 3 H, C-5 CH,), 
1.75 (dt, J = 4.8 and 12.7 Hz, 1 H, C-4 H), 1.85-2.05 (m, 2 H, C-9 
H and (2-3‘‘ H), 2.2-2.4 (m, 2 H, C-3 H and C-3” H), 2.45-2.9 (m, 
7 H, C-3 H, C-8 CHz, NCHz lactone, and C-4” CH,), 2.9-3.0 (m, 
1 H, C-1 H), 4.6-4.75 (m, 1 H, (2-2’’ H), 6.60 (dd, J = 2.4 and 8.2 

8.2 Hz, 1 H, C-4‘ H); 13C NMR (CDC13) 6 -4.37 (silyl dimethyl), 
14.09,18.18,24.89,25.35,25.69 (silyl tert-butyl), 26.08,28.39,35.90, 
41.57,42.26,46.45,59.02,59.59,80.10,116.76,117.19,127.66,128.75, 
142.68, 153.56, 177.10; FTIR (KBr) 1763, 1609, 1495 cm-’; FAB 
MS [M + 1]+ calcd for CmHaN0,Si 430.2774, found 430.2750. 
(lR,5R,9R,2”5)-5,9-Dimethy1-2’-[( tert -butyldimethyl- 

silyl)oxy]-2-(5”-oxotetrahydrofurfuryl)-6,7-benzomorphan 
(15). Silyl ether 15 was prepared from phenol 13 as described 
above for the synthesis of 14 from 12. Silyl ether 15 was obtained 
in 66% yield as a viscous oil: [a],, = -38.5”(c = 1.00, CH2C12); 
‘H NMR (CDC13) 6 0.18 [a, 6 H, Si(CH&], 0.82 (d, J = 7.0 Hz, 
3 H, C-9 CH3), 0.97 [a, 9 H, SiC(CH,)J, 1.25-1.35 (m, 1 H, C-4 

H), 1.8-1.95 (m, 1 H, C-9 H), 1.95-2.1 (m, 1 H, C-3” H), 2.15-2.35 
(m, 2 H, C-3 H and C-3“ H), 2.4-2.9 (m, 7 H, C-3 H, C-8 CH,, 
NCH, lactone, and C-4“ CHJ, 2.9-3.0 (m, 1 H, C-1 H), 4.6-4.7 
(m, 1 H, (2-2’’ H), 6.60 (dd, J = 2.4 and 8.0 Hz, 1 H, C-3’ H), 6.69 

‘9c NMR (CDCla 6 -4.38 (silyl dimethyl), 14.12,18.17,24.57,25.38, 
25.70 (silyl tert-butyl), 25.98,28.61,35.89,41.57,42.15,46.91,58.52, 

(8 ,  3 H, C-5 CH3), 1.80 (dt, J = 4.9 and 12.5 Hz, 1 H, C-4 H), 

“C): [“ID = +74.0° (C = 1.00, CH2Clz); ‘H NMR (CDClp,) 6 0.18 

Hz, 1 H, (2-3‘ H), 6.69 (d, J = 2.3 Hz, 1 H, C-1’ H), 6.90 (d, J = 

H), 1.31 (8, 3 H, C-5 CHJ, 1.76 (dt, J = 4.8 and 12.5 Hz, 1 H, C-4 

(d, J = 2.4 Hz, 1 H, C-1’ H), 6.91 (d, J = 8.2 Hz, 1 H, C-4‘ H); 
(23) Still, W. C.; Kahn, M.; Mitra, A. J .  Org. Chem. 1978, 43, 

2923-2925. 
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58.89,80.12,116.71, 117.18,127.68, 128.86, 142.65, 153.54, 177.06, 
FTIR (neat) 1778,1608,1573,1494 cm-’; FAB MS [M + 1]+ calcd 
for CaHNN03Si 430.2774, found 430.2766. 
(lS,5S,9S,2”S)-5,9-Dimethy1-2’-[(tert -butyldimethyl- 

silyl)oxy]-2-( 5”-oxo-4”-methylenetetrahydrofurfuryl)-6,7- 
benzomorphan (20). To a solution of diisopropylamine (172 pL, 
1.22 mmol) in THF (1.5 mL), cooled in an ice bath, was added 
a 2.5 M solution of n-BuLi in hexanes (0.45 mL, 1.12 mmol) 
dropwise. After the mixture was cooled at -78 ‘C, a solution of 
lactone 14 (190 mg, 0.44 mmol) in THF (4 mL) was added over 
12 min. The solution was stirred at -78 OC for 35 min and then 
warmed to -25 “C (dry icdc l , ) .  Formaldehyde gas, generated 
from paraformaldehyde (126 mg, 9.5 equivalents) by heating at 
about 190 “C, was bubbled into the solution under a stream of 
argon over 12 min. After the mixture was stirred at -25 “C for 
an additional 35 min, half-saturated aqueous NaHC03 solution 
(30 mL) was added, and then the cooling bath was removed. The 
mixture was stirred for 90 min and then extracted with CHzClz 
(3 X 12 mL). The combined extracts were dried (NazS04), and 
the volatiles were evaporated. The residue was purified by flash 
chromatography (20 g of silica gel), eluting with 4% triethyl- 
amine-ethyl acetate (600 mL) to give a mixture of two diaste- 
reomeric hydmxymethyl lactonea 16 (110 mg) as a viscous oil. The 
proton NMR in CDCl, showed a complex multiplet at 3.6-4.0 ppm 
for the 2 sets of CHzOH protons. 

To a solution of hydmxymethyl lactonea 16 (110 mg, 0.24 “01) 
and methanesulfonyl chloride (22 pL, 0.29 mmol) in CHzClz (1.5 
mL), cooled in an ice bath, was added triethylamine (50 pL, 0.36 
mmol) dropwise. After 5 min the cooling bath was removed and 
the mixture was stirred for 30 min. Half-saturated aqueous 
NaHCO, solution (15 mL) was added, and the mixture was ex- 
tracted with CHZClz (3 X 10 mL). The combined extracts were 
dried (Na@OJ, and the volatilea were evaporated to give a mixture 
of two diastereomeric methanesulfonates 18 (130 mg) as a beige 
foam. The residue was dissolved in pyridine (1 mL) and then 
heated at 105 OC for 150 min. The pyridine was evaporated, and 
the residue was treated with half-saturated aqueous NaHC03 
solution (15 mL). The mixture was extracted with CHzClz (3 X 
10 mL). The combined extra& were dried (NQOJ, and volatile 
were evaporated to give a-methylene y-lactone 20 (110 mg, 57% 
yield from lactone 14) as a viscous oil: ‘H NMR (CDClJ 6 0.17 
[s, 6 H, Si(CH3)2], 0.80 (d, J = 6.9 Hz, 3 H, C-9 CH,), 0.97 [s, 9 
H, SiC(CH,),], 1.2-1.35 (m, 1 H, C-4 H), 1.30 (s,3 H, C-5 CHs), 
1.73 (dt, J = 5.0 and 12.6 Hz, 1 H, C-4 H), 1.8-1.9 (m, 1 H, C-9 
H), 2.25 (dt, J = 2.9 and 12.1 Hz, 1 H, C-3 H), 2.45-2.55 (m, 1 
H, C-3 H), 2.65-2.85 (m, 6 H, C-1 H, C-8 CHz, NCHz lactone, and 
C-3” H), 3.01 (ddt, J = 7.8, 17.2, and 2.7 Hz, 1 H, C-3“ H), 
4.55-4.65 (m, 1 H, C-2” H), 5.61 (t, J = 2.4 Hz, 1 H, vinylic H), 
6.20 (t, J = 2.8 Hz, 1 H, vinylic H), 6.60 (dd, J = 2.5 and 8.1 Hz, 

Hz, 1 H, (2-4’ H); ‘Q NMR (CDCl,) 6 -4.4 (silyl dimethyl), 14.06, 
18.17,24.99,25.33,25.68 (silyl tert-butyl), 31.74,35.86,41.41,42.14, 
46.46,59.14,59.67,76.41, 116.74, 117.18, 121.05, 127.67, 128.72, 
134.46, 142.62, 153.54, 170.07; IR (neat) 1775, 1615, 1580, 1500 
cm-’; FAB MS [M + 1]+ calcd for CmH,,,N03Si 442.2777, found 
442.2795. 
(1R ,5R ,9R,2”5)-5,9-Dimethyl-2’-[ (tert -butyldimethyl- 

silyl)oxy]-2-(5”-oxo-4”-methylenetetrahydrofurfuryl)-6,7- 
benzomorphan (21). a-Methylene y-lactone 21 was prepared 
from lactone 15 as described above for the synthesis of 20 from 
14. a-Methylene y-lactone 21 was obtained (44% yield) as a 
viscous oil: ‘H NMR (CDClJ 6 0.18 [s, 6 H, Si(CH3)z], 0.81 (d, 
J = 7.0 Hz, 3 H, C-9 CHS), 0.97 [s, 9 H, SiC(CH3)s], 1.2-1.3 (m, 

1 H, (2-4 H), 1.8-1.9 (m, 1 H, C-9 H), 2.24 (dt, J = 3.0 and 12.1 
Hz, 1 H, C-3 H), 2.4-2.5 (m, 1 H, C-3 H), 2.6-2.9 (m, 6 H, C-1 
H, C-8 CHz, NCHz lactone, and (2-3‘’ H), 2.99 (ddt, J = 7.8,17.1, 
and 2.6 Hz, 1 H, C-3” H), 4.6-4.7 (m, 1 H, C-5” H), 5.61 (t, J = 
2.4 Hz, 1 H, vinylic H), 6.20 (t, J = 2.8 Hz, 1 H, vinylic H), 6.60 

-4.4 (silyl dimethyl), 14.11, 18.18, 24.83,25.37,25.69 (silyl tert- 
butyl), 31.58,35.87,41.30,42.04,46.91,58.64,58.84,76.52,116.74, 
117.17,120.91, 127.67, 128.78, 134.60, 142.66, 153.54, 170.07; IR 
(neat) 1775, 1615, 1580,1500 cm-’; FAB MS [M + 11’ calcd for 
CmHNN03Si 442.2777, found 442.2795. 

1 H, C-3’ H), 6.69 (d, J 2.4 Hz, 1 H, C-1’ H), 6.90 (d, J = 8.3 

1 H, C-4 H), 1.30 (8,3 H, C-5 CHJ, 1.76 (dt, J = 4.8 and 12.5 Hz, 

(dd, J 2.4 H, 1 H, 
C-1’ H), 6.90 (d, J = 8.2 Hz, 1 H, C-4’ H); “C NMR (CDCl3) b 

2.5 and 8.2 Hz, 1 H, C-3‘ H), 6.69 (d, J 

Electrophilic y-Lactone K-Opioid Receptor Probes 

( 1 S ,SS ,9S ,2”S )-5,9-Dimethyl-2’- hydroxy-2- (5”-oxo-4”- 
methylenetetrahydrofurfuryl)-6,7-benzomorphan (4). To 
a solution of silyl ether 20 (106 mg, 0.24 mmol) in THF (2 mL) 
was added a 1 M solution of tetrabutylammonium fluoride in THF 
(0.37 mL). The solution was stirred for 1 h and then treated with 
half-saturated aqueous NaHCO, solution (15 mL). The mixture 
was extracted with CHzClz (3 X 12 mL). The combined extracta 
were dried (NafiO,) and the volatiles were evaporated. The 
residue was purified by flash chromatography (21 g silica gel), 
eluting with 4% triethylamine-ether (300 mL) to give phenolic 
a-methylene y-lactone 4 (70 mg, 89%) as a viscous oil, which 
crystallized on standing (mp 179-184 ‘c): [“ID = +93.0° (c  = 
0.90, 10% methanol-CHzClz); ‘H NMR (CDCl,) 15 0.79 (d, J = 
6.9 Hz, 3 H, C-9 CHd, 1.2-1.35 (m, 1 H, C-4 H), 1.28 (s,3 H, C-5 
CHS), 1.74 (dt, J = 4.5 and 12.7 Hz, 1 H, C-4 H), 1.8-1.9 (m, 1 

(m, 1 H, C-3 H), 2.65-2.8 (m, 5 H, C-8 CHz, NCHz lactone, and 
C-3” HI, 2.8-2.9 (m, 1 H, C-1 H), 3.01 (ddt, J = 7.8,17.2, and 2.6 
Hz, 1 H, C-3” HI, 4.6-4.7 (m, 1 H, (2-2’’ H), 5.62 (t, J = 2.4 Hz, 
1 H, vinylic H), 6.21 (t, J = 2.7 Hz, 1 H, vinylic H), 6.62 (dd, J 

H, C-9 H), 2.26 (dt, J 2.9 and 12.2 Hz, 1 H, C-3 H), 2.55-2.65 

= 2.5 and 8.1 Hz, 1 H, C-3’ H), 6.72 (d, J = 2.5 Hz, 1 H, C-1’ H), 
6.89 (d, J 8.2 Hz, 1 H, C-4’ H); ‘Bc NMFt (CDCld 6 14.05,24.78, 
25.27,31.87, 35.88,41.18,41.79,46.43, 59.42, 59.75, 76.61,112.24, 
112.99,121.62, 127.39,127.91,134.16,142.73, 154.18,170.41; FTIR 
(neat) 3600-3000 (OH) 1762,1611,1583,1498 cm-’; FAB MS [M 
+ 11’ calcd for CgHmN0, 328.1913, found 328.1900. Anal. 
( C d ~ N 0 3 )  C, H, N. 

( 1 R,5R ,9R ,2“S)-5,9-Dimethy1-2‘-hydroxy-2-(5”-0~0-4’‘- 
methylenetetrahydrofurfuryl)-6,7-benzomorphan (5). 
Phenolic a-methylene y-lactone 5 was prepared from silyl ether 
21 as described above for the synthesis of 4 from 20. Phenolic 
a-methylene y-lactone 5 was obtained (92% yield) as a white 
powder (mp 198-203 ‘c): [a]D = -33.0’ (c = 0.90,10% metha- 
nol-CHzClz); ‘H NMR (CDCl,) 6 0.80 (d, J = 7.1 Hz, 3 H, C-9 
CH3), 1.2-1.3 (m, 1 H, C-4 H), 1.28 (a, 3 H, C-5 CH,), 1.77 (dt, 
J = 4.9 and 12.7 Hz, 1 H, C-4 H), 1.8-1.9 (m, 1 H, C-9 H), 2.25 
(dt, J = 2.9 and 12.1 Hz, 1 H, C-3 H), 2.45-2.55 (m, 1 H, C-3 H), 
2.6-2.9 (m, 5 H, C-8 CH2, NCHz lactone, and C-3” H), 2.9-3.05 
(m, 2 H, C-1 H and C-3” H), 4.6-4.7 (m, 1 H, C-2” H), 5.62 (t, 
J = 2.4 Hz, 1 H, vinylic H), 6.21 (t, J = 2.7 Hz, 1 H, vinylic H), 
6.61 (dd, J = 2.5 and 8.2 Hz, 1 H, C-3’ H), 6.71 (d, J = 2.4 Hz, 
1 H, C-1’ H), 6.90 (d, J = 8.2 Hz, 1 H, C-4‘ H); ‘Bc NMR (CDCld 
6 14.12, 24.49, 25.34,31.74,35.89,41.09,41.70,46.92,58.30,58.83, 
76.69, 112.22, 112.98, 121.42,127.55, 127.93,134.29,142.73,154.18, 
170.40; FTIR (neat) 3600-3000 (OH), 1762,1611,1583,1498 cm-‘; 
FAB MS [M + 1]+ calcd for C&HmN03 328.1913, found 328.1928. 
Anal. (C&iaNO3.0.25HZO) C, H, N. 
(lR~R,9R~R)-5,9-Dimethyl-2’-hydroxy-2-(5‘’-oxotetra- 

hydrofurfuryl)-6,7-benzomorphan (23) and 
(1s ,5S ,9S ,2”R )-5,9-Dimethyl-2’-hydroxy-2-(5”-oxotetra- 
hydrofurfuryl)-6,7-benzomorphan (22). Lactones 22 and 23 
were prepared from racemic normetazocine and (5R)-(io- 
domethyl)-y-butyrolactone [(5R)-11]= as described above for the 
synthesis of 12 and 13. Lactone 23 was obtained (28% yield) as 
a viscous oil, [“ID = -94.5’ (c  = 0.91, 9% methanol-CH2Cl2), 
followed by lactone 22 (16% yield), also as a viscous oil, which 
crystaked on standing (mp 162-169 ‘C), [a]D = +55.0° (c = 1.00, 
CHZClz). 23: the ‘H NMR, 13C NMR, and FTIR spectra of 23 
were identical in all respects with those of 12; HREIMS calcd for 
ClJ&N03 315.1834, found 315.1842. Anal. (C,&~NOS.0.5HzO) 
C, H, N. 22: the ‘H NMR, 13C NMR, and FTIR spectra of 22 
were identical in all respects with those of 13; HREIMS calcd for 
C19HzaN03 315.1834, found 315.1834. 

( 1 S ,5S ,9S ,2” R )-5,S-Dimet hyl-2’4 ( tert -butyldimethyl- 
silyl)oxy]-2-(5”-oxotetrahydrofurfuryl)-6,7-benzomorphan 
(24). Silyl ether 24 was prepared from phenol 22 as described 
above for the synthesis of 14 from 12. Silyl ether 24 was obtained 
(68% yield) as a viscous oil: the ‘H NMR, l8C NMR, and FTIR 
spectra of 24 were identical in all respects with those of 15; FAB 
MS [M + 1]+ calcd for CzaH,,,N03Si 430.2774, found 430.2774. 

( 1 R ,5R,9R ,2“R)-5,9-Dimet hyl-2’4 ( tert -butyldimethyl- 
silyl)oxy]-2-(5”-oxotetrahydrofurfuryl)-6,7-benzomorphan 
(25). Silyl ether 25 was prepared from phenol 23 as described 
above for the synthesis of 14 from 12. Silyl ether 25 was obtained 
(75% yield) as a viscous oil that crystallized on standing (mp 
109-118 ‘C): the ‘H NMR, lSC NMR, and FTIR spectra of 25 
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were identical in all respects with t h w  of 14; FAB MS [M + 1]+ 
calcd for CzaH,JV03Si 430.2774, found 430.2794. 

(1 S,5S ,9S ,2”R)-S,S-Dimethy1-2’-[ (tert -butyldimethyl- 
sily1)oxy 1-2-( S”-oxo-4”-methylenetetrahydrof urfury1)-6,7- 
benzomorphan (30). a-Methylene y-lactone 30 was prepared 
from lactone 24 as described above for the synthesis of 20 from 
14. a-Methylene y-lactone 30 was obtained (38% yield) as a 
viscous oil: the lH NMR, 13C NMR, and IR spectra of 30 were 
identical in all respects with those of 21; FAB MS [M + 1]+ calcd 
for CwH,,,NOSSi 442.2777, found 442.2760. 

(1R ,5R ,9R ,2”R )-5,S-Dimethyl-2’-[ (tert -butyldimethyl- 
silyl)oxy]-2-(5”-oxo-4”-methylenetetrahydrofurfuryl)-6,7- 
benzomorphan (31). a-Methylene y-lactone 31 was prepared 
from lactone 25 as described above for the synthesis of 20 from 
14. Lactone 31 was obtained (27% yield) as a viscous oil: the 
‘H NMR, 13C NMR, and IR spectra of 31 were identical in all 
respects with those of 20; FAB MS [M + 1]+ calcd for C&I,@O#i 
442.2777, found 442.2760. 
(1S,5S,9S,2”R)~5,9-Dim~thyl-2’-hydroxy-2-(5”-oxo-4”- 

methylenetetrahydrofurfuryl)-6,7-benzomorphan (6). a- 
Methylene y-lactone 6 was prepared from silyl ether 30 as de- 
scribed above for the synthesis of 4 from 20. Lactone 6 was 
obtained (87% yield) as white crystals (mp 202-207 ‘c): [a]D 
= +36.0° (c = 0.90,10% methanol-CH2Clz)i the ’H NMR, 13C 
NMR, and FTIR spectra of 6 were identical in all respects with 
those of 5; FAB MS [M + 1]+ calcd for C-QH&03 328.1913, found 
328.1900. Anal. (C&zaNOa.0.25H20) C, H, N. 

(1R ,5R,9R ,2”R)-5,9-Dime~hyl-2’-hydroxy-2-(5’’-oxo-4”- 
methylenetetrahydrofurfuryl)-6,7-benzomorphan (7). a- 
Methylene y-lactone 7 was prepared from silyl ether 31 as de- 
scribed above for the synthesis of 4 from 20. Lactone 7 was 
obtained (60% yield) as a viscous oil that crystall id on standing 
(mp 176180 “C): [a]D = -98.5’ (c = 0.90,10% methanolCH&lz); 
the ‘H NMR, lac NMR, and FTIR spectra of 7 were identical 
in all respects with those of 4; FAB MS [M + 1]+ calcd for 
C-QH&Oa 328.1913, found 328.1915. Anal. (C-QHa03-0.%H20) 
C, H, N. 

(1R ,5R ,9R,2”S)-5,9-D“ethyl-2’-hydroxy-2-(5’‘-0~0- 
2”,S”-dihydrofurfuryl)-6,7-benzomorphan (8). To a solution 
of hexamethyldisilazane (157 pL, 0.74 mmol) in THF (1 mL), 
cooled in an ice bath, was added a 2.5 M solution of n-BuLi in 
hexanes (285 pL, 0.71 mmol) dropwise. The solution was cooled 
to -78 ‘C, and then a solution of lactone 15 (290 mg, 0.68 mmol) 
in THF (2 mL) was added dropwise. The solution was stirred 
at -78 OC for 30 min, and then a solution of phenylselenenyl 
bromide (168 mg, 0.71 mmol) in THF (0.5 mL) was added in one 
portion. After 5 min the cooling bath was removed and the 
solution was treated with saturated aqueous NaHCO, solution 
(20 mL). The mixture was extracted with ether (3 X 20 mL), and 
the combined extracts were dried (MgS04). The volatiles were 
evaporated, giving a residue that was purified by flash chroma- 
tography (20 g silica gel), eluting with hexanes (150 mL) followed 
by 50% etherhexanes (100 mL) and finally with ether (100 mL) 
to give a diastereomeric mixture of two selenides 32 (360 mg, 91%) 
in a ratio of 41 as a visoous oil. The proton NMR in CWla showed 
two multiples at 3.9-4.1 ppm for the (2-4’’ protons in the ratio 
of 41. 

To a solution of diastereomeric selenides 32 (450 mg, 0.77 ”01) 
in THF (5 mL), cooled in an ice bath, was added a 1 M solution 
of tetrabutylammonium fluoride in THF (0.92 mL) dropwise. 
After 15 min the cooling bath was removed. The solution was 
stirred for 15 min and then treated with half-saturated aqueous 
NaHCO, solution (15 mL). The mixture was extracted with ether 
(3 X 20 mL). The combined extracts were washed with water (20 
mL) and dried (MgSO,), and then the volatiles were evaporated. 
The residue was purified by flash chromatography (60 g silica gel), 
eluting with ethyl acetate (300 mL) to give a mixture of two 
diastereomeric phenols 33 (307 mg, 85%) as a viscous oil. The 
mixture was dissolved in CHzC12 (10 mL) and then treated with 
a saturated solution of HCl in ether (2 mL), and then volatiles 
were evaporated to give the HCl salts of 33 as a white powder. 

To a solution of HCl salts of 33 (60 mg, 0.12 mmol) in CHzClz 
(5 mL), cooled in an ice bath, was added a solution of 50430% 
m-chloroperbenzoic acid (45 mg, 0.14 mmol) in CHIC& (1 mL) 
dropwise. After stirring at 0 OC for 30 min the cooling bath was 
removed. The mixture was stirred for 45 min and then treated 
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with half-saturated aqueous NaHC03 solution (15 mL). The 
mixture was extracted with CH2C& (3 x 10 mL). The combined 
extracta were dried (Na804), and then a saturated solution of 
HCl in ether (2 mL) was added. Volatiles were evaporated, and 
the residue was triturated with ether (2 X 10 mL) to give the HC1 
salt of unsaturated lactone 8 (40 mg, 97%) as a white powder (mp 

‘H NMR of free amine 8 (CDClJ S 0.82 (d, J = 7.0 Hz, 3 H, C-9 
CHa), 1.2-1.3 (m, 1 H, C-4 H), 1.30 (a, 3 H, C-5 CH3), 1.7-1.9 (m, 
2 H, C-4 H and C-9 H), 2.27 (dt, J = 3.0 and 12.1 Hz, 1 H, C-3 
H), 2.4-2.5 (m, 1 H, C-3 H), 2.67 (dd, J = 5.0 and 13.8 Hz, 1 H, 
C-1” H), 2.7-3.09 (m, 4 H, C-1 H, C-8 CHz, C-1” H), 4.9 (br a, 
movable, 1 H, OH), 5.1-5.2 (m, 1 H, C-2” H), 6.14 (dd, J = 1.9 

126-129 ‘c dw): [ a ] ~  = -74.5’ (C 0.91,9% 2-pro~olCHzClz); 

and 5.6 Hz, 1 H, C-3” H), 6.61 (dd, J = 2.4 and 8.2 Hz, 1 H, C-3’ 
H), 6.71 (d, J = 2.2 Hz, 1 H, C-1 H), 6.91 (d, J = 8.2 Hz, 1 H, 
C-4’ H), 7.49 (dd, J = 1.4 and 5.7 Hz, 1 H, C-4” H); ”C NMR 
(CDCld S 14.12,24.66,25.38,35.92,41.29,41.85,46.85,57.01,57.90, 
82.91,112.25,113.01,121.71,127.48,127.97,142.76,154.33,155.43, 
173.07; FTIR of HC1 salt (KBr) 3700-2400 (OH and NH), 1774, 
1758,1612,1584 cm-’; FABMS [M + H]+ calcd for C1&IBN03 

H calcd 7.02, found 7.46. 
(1R ,5R ,9R ,2”R )-5,S-Dimethy1-2’-hydroxy-2-(5”-0~0- 

2”,5”-dihydrofurfuryl)-6,7-benzomorphan (9). Selenides 34 
were prepared from 25 as described above for the synthesis of 
32 from 15. Selenides 34 were obtained (76% yield) as a viscous 
oil. The proton NMR in CDC13 showed a pair of multiplets at 
4.0-4.5 ppm for the (2-4” protons. 

Phenolic selenides 35 were prepared from 34 as described above 
for the synthesis of 33 from 32. Phenolic selenides 35 were 
obtained (66% yield) as a viscous oil. The HC1 salts of 35 were 
prepared as described above for HCl salts of 33. 

Unsaturated lactone 9 was prepared from 35 as described above 
for the synthesis of 8 from 33. Unsaturated lactoneHC19 was 
obtained (41% yield) as a white powder (mp 145-147 ‘C dec): 
[a]D = -48.0’ (c = 0.91,9% 2-propanol-CHzC1z); lH NMR of free 
amine 9 (CDC13) S 0.81 (d, J = 7.0 Hz, 3 H, C-9 CHd, 1.2-1.3 (m, 

1 H, C-4 H), 1.8-1.95 (m, 1 H, C-9 H), 2.25 (dt, J = 3.0 and 12.2 
Hz, 1 H, C-3 H), 2.5-2.6 (m, 1 H, C-3 H), 2.7-2.9 (m, 5 H, C-1 
H, C-8 CH2, (2-1’’ CH&, 4.0 (br s, movable, 1 H, OH), 5.05-5.15 
(m, 1 H, (2-2‘‘ H), 6.14 (dd, J = 1.9 and 5.6 Hz, 1 H, C-3” H), 6.61 

314.1754, found 314.1743. Anal. (Cl&IBN03.HC1.0.5HzO) C, N 

1 H, C-4 H), 1.31 (e, 3 H, C-5 CH3), 1.74 (dt, J = 4.7 and 12.6 Hz, 

(dd, J = 2.0 and 7.9 HZ, 1 H, C-3’ H), 6.71 (d, J = 2 Hz, 1 H, C-1’ 
H), 6.90 (d, J = 7.9 Hz, 1 H, (2-4’ H), 7.55 (dd, J = 1.5 and 5.6 
HZ, 1 H, (2-4’’ H); “C NMR (CDC1,) 6 14.06,25.20,25.30,35.95, 
41.51,42.01,46.21,57.77,59.78,82.62,112.19,112.86,121.42,127.77, 
128.00,142.90,153.99,155.74,173.04, FTIR (neat) 3700-2700 (OH), 
1747, 1610, 1583 cm-l; FABMS [M + H]+ calcd for ClsHaNOS 
314.1754, found 314.1743. Anal. (Cl&IBN03.HC1) C, H, N. 

Opioid Receptor Binding. Guinea pig brain homogenate was 
prepared as described by Lin and Simon.u The radioligand used 
was [3H]bremazocine (New England Nuclear) (37.0 Ci/mmol) at 
a concentration of 0.5 nM for detemination of total opioid binding 
sites. For K-binding sites 0.5 nM [3H]bremazocine was used in 
the presence of 100 nM unlabeled DAG0 [~-Ala~-NMePhe‘- 
Gly-ols-enkephalin] and 100 nM unlabeled DPDPE [D-Pen2-D- 
Pen6-enkephalin] to block p- and 6-sites, respectively. Nonspecific 
binding was determined with naloxone (10 pM). Nine concen- 
trations of each ligand to be tested were examined in competition 
experiments with radioligand (with and without p- and b i t e  
blockers). The samples were incubated in 50 mM Wi-HC1 buffer 
(pH 7.4) at 25 ‘C for 1 h and then rapidly filtered through 
Whatman GF/B filters, rinsed three times with cold buffer (2 
mL each), and after standing overnight in Aquasol I1 scintillation 
fluid (10 mL) were counted in a scintillation counter. ICm values 
were determined using log-probit analysis. 

Irreversibility and Protection Studies. These studies were 
carried out as described previo~s1y.l~ Membrane preparations 
were incubated with drug to be tested for 1 h at 25 OC. For 
protection studies, naloxone was added at a concentration of 1 
1M (recovery was checked with naloxone alone). After incubation, 
the samples were diluted 4-fold with buffer and centrifuged for 
15 min at 2oooOg. The supernatant was removed, and the pellet 

(24) Lin, H.-K.; Simon, E. J. Nature (London) 1978,271,383-384. 
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was resuspended in 3 times the original volume of buffer and 
incubated at 37 OC for 15 min, centrifuged again, and resuspended 
in the original volume of buffer. A binding assay using [9H]- 
bremazocine (0.5 nM) was carried out as described above. 
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Potent anticonvulsant activity has been reported for (R,S)-2-acetamido-N-benzyl-2-methylacetamide (2a). Select 
a-heteroatom substituted derivatives of 2a have been prepared (26 examples) in which the a-methyl group has been 
replaced by nitrogen (3a-q), oxygen (3ru),  and sulfur (3v-z) containing moieties. The functionalized amino acid 
derivatives were evaluated in the maximal electroshock seizure (MES) and horizontal screen (tox) testa in mice. 
The most active compounds were (R,S)-2-acetamido-N-benzy1-2-(methoxyamino)acetamide (31), and (R,S)-2- 
acetamido-N-benzyl-2-(methoxymethylamino)acetamide (3n). After ip administration, the MES EDSO values for 
31 (6.2 mg/kg) and 3n (6.7 mg/kg) compared favorably with phenytoin (9.50 mg/kg). 

Nonnaturally occurring amino acids have become in- 
creasingly important in the design of pharmacologically 
active peptides and peptidomimetics.’ Recently we re- 
ported the excellent anticonvulsant activity of certain 
functionalized amino acid derivatives la2+ Potent pro- 
tection against maximal electroshock seizures (MES) in 
mice was observed for functionalized amino acid racemates 
containing both an N-benzylamide moiety and an acety- 
lated amino group. Systematic variation of the a-sub- 
stituent revealed that stringent steric and electronic re- 
quirements must be met for optimal activity. The median 
effective dose (ED,) for the a-methyl(2a) (76.5 mg/kg) 
and a-phenyl (2b) (20.3 mg/kg) derivatives‘ compared 
favorably with that observed for phenobarbital’ (21.8 
mg/kg), while those of the a-pyrrolyl (2c) (16.1 mg/kg) 
and a-furanyl (2d) (10.3 mg/kg) adductss rivaled that 
reported for phenytoin’ (9.50 mg/kg). Furthermore, com- 
parison of the two individual enantiomers of 2a,b,d re- 
vealed that in each case the anticonvulsant activity resided 
primarily in the R stereoisomer.2*sgs 

O R 2  
II I O R 2  

R’CNH-yiNHR3 II I C H , C N H - C - C N H C H ~  
H O  I::: 
1 za  R*=CH, 

b $=Ph 
c R2- 2-pyrroly1 
d R*= 2-furany1 

In the present study, the synthesis and anticonvulsant 
properties of a novel series of a-heteroatom-substituted 
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amino acid derivatives (26 examples) are presented. In- 
cluded in this survey are selected oxygen, nitrogen, and 
sulfur-functionalized amino acids. Analysis of the com- 
posite data set disclosed trends that further define the 
structureactivity relationships for this class of amino acid 
derived anticonvulsant agents. 
Selection of Compounds 
(R,S)-2-Acetamido-N-benzyl-2-methylacetamide3 (2a) 

represented the parent compound in this study wherein 
the a-methyl group was replaced by select functionalized 
nitrogen, oxygen, and sulfur substituents (Table I). In 
all cases, the racemates were prepared and tested. No 
attempts were made at  this stage to resolve the enan- 
tiomeric mixtures. The a-nitrogen-substituted adducts 
consisted of the parent amino 3a, the monoalkylamino 
3b,c, the dialkylamino 3d,e, and the trialkylammonium 3f 
derivatives, as well as the corresponding monoaryl ana- 
logues 3g and 3h. Included in our a-nitrogen subset of 
compounds were three classes of functionalized amino 
derivatives. These were the monoacyl derivatives 33 and 
3j, the N-hydroxyamino adducts 3k-0, and the N- 
hydrazino compounds 3p and 3q. The second set of 
structurally modified amino acid derivatives were the 
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