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from methanol and dried in vacuo to give 77 mg (19%) of I-'%;, 
mp 225-227 OC dec. Authentic unlabeled 1 had mp 226-227 O C  

dec. 
In a similar manner 366 mg (1.56 mmol) of 2 and 199 mg (1.67 

mmol) of 5-I4C in 1.70 mL of methanol gave, after recrystallization. 
194 mg (51%) of l-14C, mg 224-226 "C dec. 

The title compounds were characterized by their infrared 
spectra [(KBr) 3400, 1685, 1495, and 1100 cm '1 which were 
identical with that of authentic, unlabeled 1, except minor 
differences in 1-6-I3C due to the high percentage of isotope 
composition. These compounds were also characterized by the 
GC retention time of their Me3Si derivatives from reaction with 
N,O-bis(trimethylsily1)trifluoroacetamide in acetonitrile on column 
a a t  250 "C, which were identical with that of MeSSi-l, and by 
the mas spectra of their MesSi derivatives. The latter gave major 
fragments a t  m / e  (re1 intensity) 245 (36), 217 (98), 147 (49), and 
73 (loo), as were the major ions of Me3Si-l. No major ion 
contained the '% label. The 'c NMR spectrum of 1 using natural 
13C abundance has been p~bl ished. '~  Synthetic 1 - I T  (0.15 M in 
H20-D20) showed a single chemical shift of 157.5 ppm for C-6 
relative to Me$i (lit.13 157.5 ppm). 

Drug Analysis. Thin-layer chromatographic separation of 
1 from metabolites was performed by a modified published 
procedure.6 Known volumes of biological fluids from radiolabeled 
1-treated rabbits along with standards of 1 spiked into blank bile 
and urine were applied onto Eastman cellulose sheets (Rochester, 
N.Y.) which were subsequently developed in a solvent system 
consisting of isobutyric acid-triethylamine-water, 66:2:32. Visible 
spots under UV lamp (LJV SL-25, San Gabriel, Calif.) corre- 
sponding to the R, of 1 (0.72) were sectioned and transferred into 
liquid scintillation vials. In the case of low concentrations of 1 
in the biological samples, a small amount of unlabeled I was added 
to increase visibility, and the spots were processed as before. These 
TLC materials were assayed for radioactivity using a standard 
liquid scintillation counting procedure with a Beckman 300 
(Beckman, Fullerton, Calif.) liquid scintillation counter. The 1A' 
visible spots corresponding to 1 without isotopic dilution were 
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pooled and the specific activity was examined via absorption at  
254 nm and liquid scintillation counting. Comparable specific 
activity to the administered dose of 1 validated the TLC analysis. 
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The preparation of cis- and tmns-2,3,4,4a.5,9b-hexahydro-2-phenethyl-5-propionyl-1H-pyrido[4,3-b]indole is described. 
These compounds, which are conformationally restricted analogues of the potent analgesic fentanyl, were devoid 
of analgesic or CNS activity. 

The 4-anilidopiperidines 1 as archetypified by fentanyl 
(R = CH2CH2C6H5; R, = C2H5; R2 = H) have been shown 
to constitute a class of extremely potent short-acting 
morphine-like analgesics.* Previous efforts in delineating 

3 

the structure-activity relationships in this series have 

focused on varying the nature and stereochemical rela- 
tionships of the substituents R, R1,2,3 and R2.4 Most re- 
cently,s R1 ha5 been tied back to the ortho position of the 
aromatic ring. 

The 4-anilidopiperidines are conformationally mobile, 
although recent 'H NMR data suggest that the preferred 
conformers are piperidine chairs with the anilido group 
equatorially ~ r i e n t e d . ~  In view of the nature of the pre- 
vious studies, it was felt to be of interest to prepare some 
analogues of fentanyl where conformational mobility is 
restricted and to assess the effect of this upon biological 
activity. 

Treatment of 2 with sodium cyanoborohydride in tri- 
fluoroacetic acid6 gave 3 (Scheme I). Reaction of 2 with 
BH2-THF followed by treatment with 37% HC1 and 
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Table I. I3C Chemical Shifts (ppm from R/le,Si) in CDCI, 
Compd C-4a C-9b 

3 57.5 41.1 
4 58.8 40.7 
5 68.4 47.3 
6 69 .3  47.4 

subsequent neutralization gave the diastereomeric 5 .  
Propionylation yielded 4 and 6, respectively. 

Although previous work in these laboratories has es- 
tablished that the BH, reduction procedure applied to 
compounds closely related to 2 gives rise to the trans-ring 
j ~ n c t i o n , ~  the configurational assignments can be une- 
quivocally confirmed by means of 13C NMR. Thus, the 
signals for C-4a and C-9b are shifted to much higher field 
in 3 and 4 as compared to 5 and 6 (Table I). This effect 
has been previously observed in the diastereomeric 
decalinss and decahydroquin~lines~ and is presumed due 
to y-gauche interactions in the cis isomers. 

The trans-ring junction demands a completely rigid 
“locked” conformation for compounds 5 and 6 in which 
the substituents on the piperidine ring are fused die- 
quatorially. Therefore, 6 represents a conformationally 
fixed fentanyl. Cis compounds 3 and 4, however, are 
conformationally mobile and may exist as conformers 7 a 4  
(Scheme 11). 

The 220-MHz ‘H NMR spectrum of 3 shows signals 
assigned to H-4a at  6 3.80 and 3.21 assigned to H-9b as 
doublets of triplets. By application of the INDOR’O 
technique at  270 MHz, coupling constants for each proton 
on the piperidine ring may be unequivocally assigned 
(Table 11). 

These data appear uniquely interpretable in terms of 
conformation 7d. The situation for 4, however, is quite 
different. At 220 MHz a t  +68 “C, H-4a is observed at  6 
4.43 as a quartet (line separations 8 Hz) of 24 Hz band- 

7a 7b 

I t  

7d 7c 

R’ = -CH,CH,Ph; R = H or -COC2H, 

Table 11. Coupling Constants for Compound 3 (20.5 Hz) 
J Hz 

4a,9b 6.6 
4a,4ax 5.0 
4a,4eq 4.0 
9b,lax 9.7 
9b,leq 6.3 
lax,leq .- 11.5 

Hz _- J - 
4ax,4eq - 13.8 
4ax,3ax 10.5 
4ax,3eq 5.0 
4eq,3ax 3.3 
4eq,3eq 4.5 
3ax,3eq - 11.0 

width arid H-9b as a distorted triplet, bandwidth 15 Hz, 
at  6 3.42. These ‘H NMR assignments were confirmed by 
single-frequency proton decoupling of the 13C NMR 
spectrum. The observed bandwidths are well accounted 
for by conformation 7a, and the data closely parallel that 
recently reported for N-acetyl-cis-hexahydrocarbazole.” 
The twist-boat conformer 7b may be ruled out in view of 
the narrow bandwidth of H-9b. I t  therefore seems that 
4 is also conformationally analogous to fentanyl in that the 
anilido nitrogen is equatorial to a chair piperidine. 

Both 4 and 6.HC1 were inactive in the mouse phenyl- 
quinone writhing test12 at  doses of up to 130 mg/kg orally. 
Fentanyl was found to have an EDb0 of 0.8 mg/kg in the 
same test at  a peak time of 10 min after oral dosing. In 
addition, 4 and 6-HC1 showed no depression of locomotor 
activity (visual) in the mouse at  doses up to 200 mg/kg 
orally. 

In view of these results, it is tempting to conclude that 
analgesic activity in the fentanyl series is highly dependent 
on stereochemical factors. However, it should be kept in 
mind that differences in absorption, distribution, and 
metabolism may exist between these two series and may 
play an important role. 
Experimental Section 

Melting points were determined in open capillary tubes and 
are uncorrected. ‘H NMR spectra were determined on a Varian 
HR-220 spectrometer and on the Bruker HF-270 spectrometer 
at The University of Chicago. C-13 spectra were determined using 
a Bruker WH-90 spectrometer. IR spectra were recorded using 
a Perkin-Elmer 727 spectrometer. Analytical results were within 
*0.4% of theory for the elements stated (Spang Microanalytical 
Lab, Ann Arbor, Mich.). 

Compounds tested were administered as solutions or sus- 
pensions in 1 % aqueous Methocel. 

cis-2,3,4,4a,5,9b-Hexahydro-2-phenethyl-l~-pyrido[4,3- 
blindole (3). A freshly prepared solution of Na(CN)BH3 (10.0 
g, 0.16 mol) in 25 mL of methanol was added dropwise to a stirred 
solution of 213 (9.0 g, 0.032 mol) in 100 mL of CF3C02H at  ice-bath 
temperature under a nitrogen atmosphere. Vigorous gas evolution 
resulted. Upon completion of the addition, the reaction mixture 
was stirred at  room temperature for 1 h and then poured into 400 
mL of water. The resulting mixture was stirred 15-20 min and 
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basified with 5070 NaOH and the resulting mixture extracted 
twice with 200-mL portions of ether. The combined extracts were 
washed once with water and then extracted twice with 100-mL 
portions of 6 N HC1. The extracts were basified, and the oily 
product was reextracted into ether. After washing with water and 
dning over anhydrous K2C03, the filtered solution was evaporated 
in vacuo to yield crude 3 (7.4 g) as a pale yellow oil which was 
distilled in a Kugelrohr apparatus. Two fractions were taken: 
bp 170- 175 "C (bath) (0.05 mm) (3.7 g) and bp 147-153 OC (bath) 
(0.01 mm) (1.6 g). Both fractions were colorless viscous oils which 
crystallized on trituration with pentane: mp 7&71 "C; infrared 
(Sujol) 3350 cm-' (NH); T I L  R, 0.53 (silica gel F254; eluent. 870 
Et2" in benzene). Anal. (CI9HP2NZ) C, H,  K. 
ci,s-2,3,~1,4a,5,9b-Hexahydro-2-phenethyl-5-propionyl- 

lH-pyrido[4,3-b]indole (4). .4 solution of propionyl chloride (2.0 
m i ,  2.1 g, 0.023 mol) in 10 mL of CHC13 was added dropwise to 
a stirred solution of 3 (4.4 g, 0.016 mol) and triethylamine (3.5 
niL, 0.025 mol) in 75 mL of CHC&. The reaction mixture was 
heated at reflux for 30 min, cooled, and washed twice with water. 
After drying over anhydrous K2C03, evaporation in vacuo left a 
yellow oil which deposited crystals (3.4 g) from benzene-hexane: 
mp 105 -108 OC. Recrystallization from ethanol gave pure 4 (2.1 
g, 27% Irield): mp 109-110 "c'; infrared (Nujol) 1660 cm ' (amide 
(+()), 

r runs-2,3,4,4a,j,9b-Hexahydro-2-phenethyl-l~-pyrido- 
[4,3-b]indole (5) .  .4 warm solution of 2 (34.5 g, 0.125 mol) in 300 
mL of dioxane was added dropwise to 500 mL of a stirred solution 
of 1 hl BHI in THF (Alfa-Ventron) under a nitrogen atmosphere. 
Vigorous gas evolution was noted during addition. The resulting 
mixture was then heated at  reflux for 3.5 h and then THF was 
slowly distilled from the mixture and replaced with dioxane until 
a pot temperature of 96 "C was attained. The resulting mixture 
was maintained at  reflux overnight, then cooled in ice, and 
cautiously decomposed by addition of 300 mL of 3770 HC1. The 
resulting mixture was heated at reflux for 2 h, cooled, and basified 
with excess 50% NaOH solution. Most of the volatile solvent was 
removed on a rotary evaporator, and the residue was then diluted 
with water t(J dissolve inorganic salts. It was then extracted with 
two 2jO-mL portions of ether, and the combined extracts were 
then washed with water and in turn extracted with two 250-mL 
portions of 3 N HCl. The combined acid extracts were washed 
oiice Hith ether and basified, and the precipitated oil was 
reextracted into ether. The ether solution was dried over an- 
hydrous K,COj. filtered, and evaporated in vacuo to give a solid 
product which was recrystallized twice from ether-hexanebenzene 
to give 15.2 g (447~ i of 5: mp 105--107 "C; infrared (Xujol) 3300 
crn ' I"): TLC R, 0.49 (silica gel F154, 8% Et," in benzener. 
.An;~l .  (Cik,HL2N2) C, H, N. 

t r a n s .  2,3,4,4a,5,9b-Hexahydro-2-phenethyl-5-propionyl- 
IH-pyrido[4,3-b]indole (6). Compound 5 (5.6 g,  0.02 mol) was 
propionylated in a manner identical with that used to preparr. 
1. The crude product was obtained as a waxy solid which was 
taken up in 75 mL of ethanol and treated with dry HCl. On 
chilling a solid (3.5 g )  separated which was filtered and recrys- 
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tallized from 125 mL of H 2 0  to give 2.8 g (3870) of 6.HCl: mp 
280-282 "C dec. Anal. (C22H26N20"C1) C, H, N, C1. 

The mother liquor from the above recrystallization was basified 
with 1 N NaOH and the precipitated oil extracted into ether. 
After drying over anhydrous K2C03 and evaporation in vacuo, 
a yellow oil was obtained which was dissolved in 50 mL of pentane 
and allowed to stand overnight at 0-5 "C. The white crystals 
which formed were filtered and dried to give 0.25 g of free base: 
mp 96-98 "C; mmp with 4,86-100 "C; infrared (Nujol) 1660 cm ' 
(amide C=O); 'H NMR (270 MHz, CDClJ 8 1.29 (t, J = 6 Hz, 
3 H, CH3), 2.10 [q ( J  = 12.3 Hz) of d (J = 4.0 Hz), 1 H, H-4ax], 
2.57 (4, J = 6 Hz, 2 H, CHCHJ, 2.71-2.93 (m, 5 H,  overlapping 
H-3ax and CH2CH2), 3.13 [ t  ( J  = 12.3 Hz) of d ( J  = 2.0 Hz), 1 
H, H-gb], 3.25 (d, J = 11.8 Hz, 1 H, H-3eq), 3.48 [t ( J  = 14.7 Hz) 
of d ( J  = 4.0 Hz), 1 H, H-4a], 3.60 [d ( J  = 12.0 Hz of d ( J  = 2.5 
Hz), 1 H, H-leq]. Anal. (C22H26N20) C, H,  N. 

Acknowledgment. We wish to thank Dr. D. H. Smith, 
Stine Laboratory, E. 1. du Pont de Nemours, Inc., Newark 
Del., Dr. M. Cohen, Mr. H. Dayton, and Ms. M. Mac- 
Donald, Endo Laboratories, Inc., Garden City, N.Y., for 
pharmacological results. G.E.L. thanks the National 
Research Council of Canada for a postdoctoral fellowship. 
References and Notes 

Contribution Yo. 111 from Endo Laboratores, Inc. (sub- 
sidiary of E. I. du Pont de Nemours and Co.). 
P. A.  .I. .Janssen and C. A. M. Van der Eycken in "Drugs 
Affecting the Central Nervous System", A. Burger, Ed., 
Marcel Dekker, New York, N.Y., 1968, pp 51-54, and ref 
72 cited therein. 
A.  F. Casey. M. M. A. Hassan, A. B. Simonds, and D. 
Staniforth, J .  Pharm. Pharmacol., 21, 434 (1969). 
7'. N. Riley, D. B. Hale, and M. C. Wilson, J.  Pharm. Sci., 
6 2 ,  983 (1973); W. F. M. Van Bever, C. J. E. Niemegeers, 

anssen, J .  Med. Chem., 17, 1047 (1974). 
. Bach, and E. Mutschler, Arch. Pharm. 

i Wetnheim, Ger . ) ,  308, 910 (1975). 
t i .  W. Gribble, P. D. Lord, J .  Skotnicki, S. E. Dietz, J. E. 
Eatnn, and J. L. Johnson, J .  Am. Chem. Soc., 96, 7812 (1974). 
.1. G .  Berger, S. R. Teller, C. D. Adams, and L. F. Gug- 
genberger, Tetrahedron Lett., 1807 (1975). 
E. Lippmaa and T. Pehk, Eesti NSV Tead. Akad. Toim., 

GPO/ . .  17, 287 11968) [Chem. Abstr., 69, 111944e 

H. Booth and D. V. Griffiths, J .  Chem. Soc., Perkin Trans. 
2,  842 (1973). 
V. -J. Kowalewski, Prog. Nucl.  Magn. Heson. Spectros., 5, 
I (1963). 
H. Booth and T. Masamune, J .  Chem. SOC., Perkin Trans. 

R. Cadmus, and G. Lu, Proc. Soc. Erp. Biol. 
M P d , .  95, 729 (1957). 
k< (1. W. Spickett, J .  Med.  Chem., 9, 436 (1966). 

Synthesis of Some Pentazocine Metabolites and Related Compounds 
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The syntheses of the trans alcohol 2 and the trans acid 5, metabolites of pentazocine (l), are described. These are 
essentially devoid of agonist and antagonist activities. Some related oxidation products were also prepared for 
comparison with products isolated during metabolism studies. 

Early studies of the metabolism of pentazocine (1) in 
this Institute by Rosi and Merola' using mouse liver 
homogenates led to the isolation of a sufficient amount of 
the major metabolite as the acetate derivative to char- 
acterize by NMR. The data (see Experimental Section) 
showed that there was a loss of a side-chain methyl signal 

from pentazocine and the gain of a CHzOAc group SO that 
the compound was the acetate of either 2 or 3, but in the 
absence of a sample of known configuration, no decision 
could be reached as to whether the cis alcohol 3 or trans 
alcohol 2 had been isolated. The present work was un- 
dertaken to provide a reference sample for comparison so 


