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or mechanistic inferences from the regression coefficients, 
pattern-recognition techniques are mainly predictive in 
nature. Their utility lies in the screening of proposed or 
existing agents for activity. In this respect, the tendency 
tha t was consistently observed in this study, to correctly 
predict a greater proportion of active compounds than 
inactive ones, could be a benefit. It is clearly better to 
misclassify in favor of active derivatives, to avoid missing 
potentially beneficial agents. This tendency was seen to 
extend to the prediction sets as well. 

Recent studies with m-AMSA in phase II clinical trials 
have given both encouraging42 and disappointing43 results. 

(42) S. S. Legho, G. R. Blumenschein, A. U. Buzdar, G. N. Horto-
bagyi, and G. P. Bodey, Cancer Treat. Rep., 63, 1961 (1979). 

Thus, the search for a clinically effective agent in this series 
is not yet complete. Based on the results that have been 
presented here, it is reasonable to expect that pattern-
recognition techniques could play a useful role in the 
identification of active members in the future. 
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(43) David S. Carroll, Nancy Kemeny, Garrett Lynch, and Thomas 
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Structure-Activity Relationships in Potentially Hallucinogenic 
iV,JV-Dialkyltryptamines Substituted in the Benzene Moiety 
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Neurosciences Program and Department of Psychiatry, School of Medicine, University of Alabama in Birmingham, 
Birmingham, Alabama 35294. Received December 14, 1981 

A series of iV^V-dialkyltryptamines with methylthio or methylenedioxy substituents in the 4, 5, and 6 positions and 
methyl or isopropyl on the side-chain nitrogen has been synthesized. The behavioral pharmacology of these compounds 
showed them to possess Bovet-Gatti profiles characteristic of hallucinogens, and the 5-methylthio congener was 
the most potent. Binding studies at [3H]LSD and [3H]5-HT sites demonstrated that no single structural feature 
correlated with binding or behavioral changes and suggest a complex mode of action for these potential hallucinogenic 
agents. 

Reports tha t tryptamines other than 5-hydroxytrypt-
amine (5-HT) may be endogenous neuroregulatory agents,1 

complete with all appropriate biosynthetic and metabolic 
transformations,2 have led us to prepare a series of N,N-
dialkyltryptamines with novel substituents in the benzene 
moiety to be evaluated as hallucinogens. Recently reported 
methodologies in competitive binding studies3 and mea
surement of behavior-disrupting activity in the rat make 
possible clearer distinction between behavioral and sero
tonergic effects of the compounds examined in this study. 

Substi tuents, e.g., methoxy or hydroxy, in the 4, 5, or 
6 positions of iV^V-dimethyltryptamine induce significant 
changes in the neuropharmacological properties of these 
indolealkylamines.4 In order to constrain o-methoxy 
groups into planar conformation, 4,5-(methylenedioxy)-
iV,iV-dimethyltryptamine (1) and 5,6-(methylenedioxy)-
iV,iV-dimethyltryptamine (2) were synthesized, and the 
pharmacological properties of 1 and 2 were compared with 
those of the known 4-methoxy- (3), 5-methoxy- (4), and 
6-methoxy- (5) congeners.5 

Significant changes in the potencies of substituted 2-
phenylisopropylamines occurred when methylthio was 
substituted for methoxy.6 Thioanisole partially exists in 
a rotated conformation in which the x system of the aro
matic ring overlaps with the d orbitals rather than with 
the lone-pair p lobe, which has a rotational energy barrier 
of 2.05 kcal/mol,7 slightly lower than most biological weak 
forces. It was therefore decided to synthesize the 4-, 5-, 

+ Department of Chemistry, State University of New York at 
Stony Brook, Stony Brook, New York 11794. 

Table I. Ring-Substituted 
iV,JV-Dialkylindole-3-glyoxal amides 

R R' mp, °C 

NR'2 

yield, 
formula0 

22a 
22b 
22c 
22d 
22e 
22f 

4,5-OCH20 
4,5-OCHjO 
5,6-OCH20 
5,6-OCH20 
4-SCH, 
4-SCH3 

CH3 

»-C,H, 
CH3 
j-C,H, 
CH3 
«-C,H, 

240-241 
260 dec 
217-220 
278-280 
163-164 
190-192 

77 
56 
79 
81 
43 
27 

C13HUN204 

C17H20N2O4 
C13H12N204 
C17H20N2O4 
C13H14N202S 
C17H22N202S 

a IR and NMR spectra were consistent with structures 
given; the dried products were not analyzed but were re
duced without further purification. 

and 6-(methyltmo)-iV,iV-dimethyltrytamines (6-8) in order 
to examine the differences between isosteres. 

(1) S. T. Christian, R. Harrison, E. Quayle, J. Pagel, and J. Monti, 
Biochem. Med., 18,164 (1977); S. A. Barker, J. Monti, and S. 
T. Christian, in "International Review of Neurobiology", J. R. 
Smythies and R. J. Bradley, Eds., Academic Press, New York, 
1981, pp 83-110. 

(2) S. A. Barker, J. A. Monti, and S. T. Christian, Biochem. 
Pharmacol, 29, 1049 (1980). 

(3) S. Maayani, H. Weinstein, and J. P. Green, Fed. Proc, Fed. 
Am. Soc. Exp. Biol, 38, 376 (1979). 
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Table II. Ring-Substituted iV.iV-Dialkyltryptamines 

no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

R 

4,5-OCH20 
5,6-OCH20 
4-OCH3 
5-OCH3 
6-OCH3 
4-SCH3 
5-SCH3 
6-SCH3 
4,5-OCH20 
5,6-OCH20 
4-SCH3 

R' 

CH3 

CH3 
CH3 
CH3 
CH3 
CH3 
CH3 
CH3 
i-C3H, 
«'-C,H, 
i-C,H, 

* ^ 

" " ^ 

mp,°C 

93-95 
109-110 

b 
b 
b 

110 
97-100 
57-58 

109-113 
85-86 
92-94 

s^ 
U 

H 

synth 

^ N R ' 2 

purifi
cation 

method method0 

B 
B 

B 
A 
A 
B 
B 
B 

I 
I 

III 
I 
I 

IV 
II 
I 

yield, 
% 

8 
48 

68 
76 
33 
31 
16 
61 

formula 

C ^ N A 
C I 2 H I ( N 2 O 2 

C13H18N2S 
C13H18N2S 
CI3H18N2S 
CnHMN202 

C17HMN202 
C„H26N2S 

anal.d 

C,H,N 
C,H,N 

C, H, N, S 
C , H , N , S 
C, H, N, S 
C,H, N 
C, H, N 
C , H , N , S 

a 5-(Methylthio)tryptamine was obtained from 4-(methylthio)aniline as described by Andrelovaet al." b Samples ob
tained from Dr. A. Manion, NIMH. c I, benzene/petroleum ether; II, BtOH/H20; III, Kugelrohr distillation; IV, benzene/ 
M-hexane. d NMR and IR spectra measured on all compounds are consistent with structures given. 

Scheme I 

/ \ NaNOp 
EtOCO ( > , ., • 

NH2 

12a, R = 4-SCH3 
b, R = 3-SCH3 

s?—N 
CT H 

0 

NaOH 

NH E , 0 H 

13a, R = 4-SCH3 
b, R = 3-SCH3 

14a, R = 6-SCH3 
b, R = 7-SCH3 

15a, R=5-SCH 3 
b, R = 6-SCH3 

NH2 

16a, R= 5-SCH3
a 

b, R = 6-SCH, 

NMe,I 

17a, R = 5-SCH3 
b, R = 6-SCH3 

NMe2 

7, R = 5-SCH3 
8, R = 6-SCH3 

a Reported by Andelerova et al ." 

In order to compare the relative activities of 2V,iV-di-
isopropyltryptamines vs. their iV^V-dimethyl homologues, 

S c h e m e I I 

f I T DMFDA 
L 11 or DMFDA + 
^ ^~N0p Py r r o l i d l n e 

18a, R = 5,6-OCH30 
b, R = 6-SCH3 

^ = \ 

«<X)~* "• 

< 

19a, R ; 

R' 
b, R< 

R' 

-tx 

CH=CHNR' 

( 
^N0 2 

= 5,6-OCH20; 
= (CH3)2 
= 6-SCH3; 
= c-(CH2)4 

^COCOCI 

J 

H2, Pd/C 

or Fe/AcOH 

20a, R = 4,5-OCH20 21a, R = 4,5-OCH20 
b, R = 4-SCH3 b, R = 4-SCH3 

c, R = 5,6-OCH2Oa 

,C0C0NR'? 

•N ' 
H 

22a-f 

,-CH2CH2NR'; 

1, 2,6,9-11 
a Obtained from commercially available 5,6-(methylene-

dioxy)indole. 

in selected cases both iV,iV-dimethyl- and iV,iV-diiso-
propyltrypamines (9-11) were synthesized and evaluated. 

Chemistry. Two general methods were used to obtain 
the desired ring-substituted iV,2V-dialkyltryptamines. 
Method A (Scheme I) utilized the procedure of Abramo-
vich8 to synthesize a substituted tryptamine, which was 
then quaternized with methyl iodide and demethylated to 

(4) 

(5) 

(6) 

(7) 
(8) 

(a) U. Ahlborg, B. Holmstedt, and J. Lindgren, Adv. Pharma
col., 6b, 213 (1968); (b) J. Jacob and J. Robert, C. R. Hebd. 
Seances Acad. ScL, Ser. D, 263, 300 (1966); (c) R. Taborsky, 
P. Delvigs, and I. Page, Science, 153, 1018 (1966); (d) J. P. 
Green, C. L. Johnson, H. Weinstein, S. Kang, and D. Chou, in 
"The Psychopharmacology of Hallucinogens", R. E. Willette 
and R. C. Stillman, Eds., Pergamon Press, New York, 1978, pp 
28-60. 
L. B. Kier and R. A. Glennon, NIDA Res. Monogr., no. 22, 
1978, 159-185. 
P. Jacob, G. Anderson, C. K. Meshul, A. T. Shulgin, and N. 
Castagnoli, J. Med. Chem., 20, 1235 (1977). 
A. Schweig and N. Thon, Chem. Phys. Lett., 38, 482 (1976). 
R. Abramovich and E. Shapiro, J. Chem. Soc, 4588 (1956). 
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Table III. Behavior Disruption Data 

no. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

dose, 
mg/kg 

0.25 
0.50 
1.00 
2.00 

5.00 
10.00 
15.00 

0.50 
1.00 
2.00 

1.00 
2.00 

1.25 
2.50 
5.00 

1.00 
2.00 
4.00 
8.00 

0.50 
1.00 

0.50 
1.00 
2.00 
4.00 

1.25 
2.50 

1.25 
2.50 
5.00 

10.00 

5.00 
10.00 

changes in response 
from drug vs. saline,0 % 

B/P 

3t 
0 
5t 

l i t 

9t 
19f 
22t 

0 
9t 

lot 
6t 

19t 
25t 
261 
291 

0 
8t 

201 
36t 

13t 
16t 

4t 
8t 

20t 
341 

241 
38t 

l l 
0 
2t 

29t 

I t 
231 

E 

31 
51 

101 
311 

111 
26; 
411 

21 
251 
271 

m 
261 
211 
341 
501 

11 
111 
271 
521 

261 
651 

81 
131 
301 
481 

281 
491 

0 
2t 
41 

451 

51 
321 

L 

5t 
5t 
5t 

20t 

2t 
9t 

19t 

2t 
6t 
7t 

5t 
9t 

5t 
8 t ' 

21t 

I t 
3t 
6t 

15t 

7t 
49t ' 

4t 
4t 

19t 
141 

74t 
l i t 

i t 
21 
2t 

161 

4t 
9t 

a B = burst; P = premature; E = efficient; L = late. 

the tertiary amine.9 The Fischer-type cyclizations pro
ceeded regioselectively to afford 6- or 7-substituted /3-ox-
ocarbolines. Although 13b presumably could have un
dergone cyclization to either a 5- or 7-(methylthio)-/3-
carboline intermediate, this closure occurred regioselec
tively to give the latter derivative as was evident from the 
NMR spectra of 14b, 15b, 16b, and 17b. Similar regios-
electivity has been reported by Manske10 for the cyclization 
of the 3-methoxy analogue of 13b to 7-methoxy-l-oxo-
l,2,3,4-tetrahydrc-/3-carboline. Both cases involve the same 
activation by an electron-donating group. In method B 
(Scheme II), the appropriate substituted indole was syn
thesized by the procedure of Batcho and Leimgruber11 or 
a modification of this method, and the 3-(dialkylamino)-
ethyl side chain was introduced by the route reported by 
Speeter and Anthony.12 

2-Nitro-5,6-(methylenedioxy)toluene (18a) was prepared 
from 3-methylcatechol via methylenation to give 2,3-
(methylenedioxy)toluene13 and nitration.14 Although a 
mixture of 2- and 3-nitro derivatives was formed, separa

tion was not required, since only the 2-nitro isomer par
ticipated in the Batcho-Leimgruber reaction. 

2-Methyl-3-nitrothioanisole was prepared by methyla-
tion of 2-methyl-3-nitrothiophenol with methyl iodide and 
KOH;6 the thiophenol was obtained from 3-nitro-o-
toluidine via diazotization, treatment of the diazonium salt 
with potassium ethyl xanthate, followed by hydrolysis.15 

Pharmacology. Table III shows the results of the be
havior-disruption studies. The 4-, 5-, and 6-methoxy-
2V,iV-dimethyltryptamines (3-5) were examined in the 
same behavioral protocol as experimental compounds 1, 
2, and 6-11, and the overall order of potency in conditioned 
avoidance response disruption was determined to be 7 > 
4 > 9 > 3 > 1 = 8 = 5 > 6 = 1 0 > 1 1 > 2 . Thus, the 
previously reported trend among the methoxy compounds 
3-5, in which maximum activity was associated with 5-
substitution followed by substitution in the 6 and 4 pos
itions, respectively, was similar in the experimental com
pounds 6-8. However, in the compounds bearing two 
aromatic substituents (1, 2, 9, and 10), 4,5-disubstitution 
conferred greater activity than did 5,6-disubstitution. In 
examining the differences between iV,iV-dimethyl and 
iV,2V-diisopropyl homologues, the methylenedioxy com
pounds snowed opposing trends from the methylthio 
compounds. The diisopropyl compounds 9 and 10 were 
more active than the dimethyl compounds 1 and 2, whereas 
with the methylthio compounds, 11 was less active than 
6. These data suggested that although all compounds 
tested could be classified behaviorally as hallucinogens, 
the methylenedioxy and the methylthio series could be 
operating via separate modes of action. 

In order to compare the behavior disruption of the 
various compounds with the extent of receptor site binding, 
a unit of behavior-disrupting activity (A) was defined based 
on a comparison with the reference hallucinogen N,N-
dimethyltryptamine (DMT). Thus, "DMT" units were 
obtained by taking the ratio of the dose of the experimental 
compounds in milligrams per kilogram to that dose of 
DMT (10 mg/kg) required to produce equivalent phar
macological effects, here defined as a 50% decrease in the 
efficient responses of the Bovet-Gatti profile. The DMT 
scale is analogous in derivation and use to the currently 
accepted mescaline unit (MU) scale as defined by Shul-
gin.16 

Regression analyses were performed on the -log IC50 
values at the [3H]5-HT and [3H]LSD sites and behavior-
disrupting activity as shown in Table V. Although the 
correlation at the 5-HT site is only at the threshold of 
statistical significance, the relationship of activity to ligand 
affinity merits some comment. Correlations between ac
tivity and binding affinities, which generally have given 
the best linear results, are restricted to a measure of 5-HT 
agonism as the defined "activity".17"19 It is to be expected 
that hallucinogenic activity as a more complex pharma
cological phenomenon would depend on a series of events 
beyond binding. If merely binding to a 5-HT site accounts 
for 69% (r2 = 0.69) of the observed effects, there is some 
evidence for the implication of this receptor in the overall 
mechanism of action. These data imply, however, that 

(9) T. Ho, Synth. Commun., 2, 702 (1972). 
(10) R. H. F. Manske, W. H. Perkin, and R. Robinson, J. Chem. 

Soc, 1 (1927). 
(11) A. Batcho and W. Leimgruber, U.S. Patent 3 732 245 (1973). 
(12) M. Speeter and W. Anthony, J. Am. Chem. Soc, 76, 6208 

(1954). 
(13) A. W. Archer, P. A. Claret, and D. F. Hayman, J. Chem. Soc, 

1231 (1971). 
(14) L. Stock and T. Wright, J. Org. Chem., 42, 2875 (1977). 

(15) F. Bordwell and H. Anderson, J. Am. Chem. Soc, 75, 6019 
(1953). 

(16) A. T. Shulgin, T. Sargent, and C. Naranjo, Nature (London), 
221, 537 (1969). 

(17) D. Burt, S. Snyder, and I. Creese, Mol. Pharmacol, 12, 631 
(1976). 

(18) G. Fillion, M. Fillion, and J. Jacobs, Proc. Br. Pharm. Sci. 
Assoc. Commun., 20 (1976). 

(19) R. Lovell and D. Freedman, Mol. Pharmacol., 12, 620 (1976). 
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Table IV. Affinity Values at Binding Sites 

no. 

2 
6 
7 
8 
9 

10 
11 

IC50, mol/L 

1.78 X 10"6 

1.25 X 10"s 

1.44 X 10"7 

7.59 X K P 
2.88 X 10"6 

1 X 10'5 

[3H] LSD site 

Hill 
coefficient 

0.95 
0.75 
0.91 
0.97 

0.70 

KA 

1.9 X 10"6 

1.79.X 10~7 

3.4 X10"6 

IC50, mol/L 

4.07 X 10"5 

1.51 X 10"4 

1 X 10 -6 

4.08 X 10~s 

2.24 X 10"4 

9.33 X 10"4 

[3H]5-HTsite 

Hill 
coefficient 

1.01 
1.01 
0.995 
0.57 
0.343 
0.642 

* d 

8.4 X 10"6 

8.4 X 10"6 

4.3 X 10"8 

Table V. Regression Analyses of Drug Activity (A) and 
Specific Binding at Serotonergic and 
LSD Receptor Sites (IC50) 

correlation equation" n r2 p 

A = 4.25(-logIC50)-18.77 6 
A = 5.88(-logICS0)- 29.1 7 

0.69 
0.85 

0.045 
0.003 

0 n = number of compounds in correlation; r2 = 
variance;p = probability that relationship is statistically 
significant. 

serotonergic effects are not identical with nor absolute 
predictors of hallucinogenic effects. 

If there exists some mechanism common to all halluci
nogenic agents, it might be expected that the receptor 
which binds LSD in high specificity would also bind other 
hallucinogens with affinities proportional to the potencies 
of such substances, as shown in the second equation in 
Table V. This relationship supports the existence of at 
least one site at which all of the compounds examined 
might exert their psychopharmacological effects. 

Conclusions 
A single site at which all of these compounds bind does 

not imply that all hallucinogens bind to the same neuro
transmitter sites and exert their effects through identical 
mechanisms. The difference in correlations between 
[3H]5-HT and [3H]LSD site affinities and activity could 
reflect the different mechanisms of action of the experi
mental compounds. The structure-activity trends among 
the methylenedioxy congeners were distinctly different 
from those of the methylthiodialkyltryptamines. The 
finding that no single structural feature (e.g., an unsub-
stituted 4-position) correlated exclusively with the bio
logical events of binding or behavioral changes is significant 
and suggestive of heterogeneity in the mode of action of 
these agents. The evidence from these studies suggests 
a complex overall mechanism in which more than one 
discreet binding site is involved but in which binding at 
the [3H]LSD site is a requisite for all compounds which 
have hallucinogenic activity. 

Experimental Section 
Behavioral Pharmacology. Four adult, male, hooded rats 

weighing between 300 and 350 g at the beginning of the study 
served as subjects. The paradigm used is based on a modified 
discriminated Sidman avoidance schedule.20 Using this test, 
Smythies et al.21 classified certain drugs on the basis of their 
disruptive effects, finding that hallucinogenic compounds con
sistently induced effects different from those induced by stimulant 
compounds. Substances that exhibit hallucinogenic activity in 
man possess a unique Bovet-Gatti profile that differs from all 

(20) D. Bovet and G. L. Gatti, Proceedings of the International 
Pharmacological Meeting, 2nd, Prague, Aug 20-23, 1963, Per-
gamon Press, Oxford, 1964, p 75. 

(21) J. R. Smythies, V. S. Johnson, and R. Bradley, Br. J. Psychi
atry, 15, 55 (1969). 

other psychotropic drugs. The subjects were trained until they 
emitted a minimum of 807c efficient responses with very little 
variation in response distribution (±3%) between five successive 
sessions. This stability required approximately 75 daily training 
sessions. All injections were given after a 15-min warm-up period. 
The data were than collected for the following 100 min. All 
compounds were dissolved, as their HC1 salts, in saline and injected 
subcutaneously at a volume of 0.1 mL/100 g of body weight at 
the indicated doses. 

Binding Studies. The affinities of the drugs for LSD sites, 
i.e., sites labeled by [3H]LSD with 1 MM 5-HT as masking ligand, 
and for 5-HT sites, i.e., sites labeled by [3H]5-HT with 1 iM. LSD 
as masking ligand, were measured by S. Maayani and H. Weinstein 
in competition binding studies as described.3 To obtain a range 
of 20-80% inhibition of the binding of 3-6 nM [3H]LSD (Am-
ersham, 20 Ci/mmol) or [3H]5-HT (New England Nuclear, 20-25 
Ci/mmol), 8-10 different concentrations of the drug were chosen. 
The competition studies were carried out at 25 °C with membranes 
from the P2 fraction of guinea pig cortex, 0.3 mg of protein per 
assay. Incubations of 90 min were carried out at each concen
tration, and then the filtration was done on Whatman GF/C 
filters. Data were analyzed by Dixon and Hill plots as described22 

with the specific amount bound in the absence of competing drug 
taken as Bma. Only when Hill slopes were 1.2 ± 0.2 (see Table 
IV) were dissociation constants (Kd) values calculated from the 
IC50 values (Table IV). 

Chemistry. Melting points were determined on a Fisher-Johns 
apparatus and are uncorrected. Infrared spectra were recorded 
on a Beckman Acculab 2 as KBr pellets unless otherwise indicated. 
All IR frequencies are reported in reciprocal centimeters. Nuclear 
magnetic resonance spectra were recorded on a Varian EM 390 
100-MHz instrument and are reported as 5 values in parts per 
million downfield from the internal standard tetramethylsilane. 
The solvent for NMR samples was CDC13 unless otherwise in
dicated. Elemental analyses were performed by Midwest Mi-
crolabs, Indianapolis, IN. 

All commercially available starting materials were of the highest 
grade of purity obtainable. Solvents that were required to be 
moisture free were distilled from the appropriate dessicating agent 
prior to use. 

Method A. 2,3-Piperidinedione 3-[3-(Methylthio)-
phenyljhydrazone (13b). To a well-stirred, ice-cold solution 
of the diazonium salt prepared from 18.0 g (0.1 mol) of 12b,23 9.0 
g (0.13 mol) of NaN02,45 mL of hydrochloric acid, and 380 mL 
of H20 was added a solution of 17.1 g (0.1 mol) of 3-carbeth-
oxy-2-piperidinone in 250 mL of H20 containing 6.2 g (0.11 mol) 
of KOH. The workup procedure of Abramovich8 resulted in an 
overall yield of 31% of 13b: mp 218-220 °C; NMR (CDC13 + 
Me2SO-d6) 5 9.05 (s, 1, Ar NH), 7.4 (s, 1, CONH), 6.6-7.3 (m, 4, 
Ar H), 3.2 (m, 2, CH2Cif2N), 2.5 (m, 2, Cif2CH2N), 2.4 (s, 3, SCH3), 
1.9 (t, 2, CH2Ctf2C=NH). Anal. (C12H15N3OS) C, H, N, S. 

7-(Methylthio)-l-oxo-l^,3,4-tetrahydro-/3-carboline(14b). 
The phenylhydrazone 13b (10 g, 0.04 mol) was added to 400 mL 
of dry EtOH, and the mixture was saturated with HC1 gas 
(cooling). The reaction mixture was stirred overnight at room 
temperature and cooled in an ice-bath, and the resulting green 
solid was collected. Recrystallization from hot EtOH gave 3.3 
g (36%) of 14b: mp 160-168 °C; TLC (silica gel plate; benz-

(22) S. Maayani and H. Weinstein, Life ScL, 26, 2011 (1980). 
(23) Tridom Chemical Inc. 
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ene/CHCl3/EtOH, 45:45:10, UV visualization) showed a single 
spot, Rf 0.52; NMR [(CD3)2CO] 5 11.5 (br, s, 1 NH), 6.8-7.5 (m, 
4, Ar and CONH), 3.6 (t, 1, CH2CH2N#), 3.2 (t, 2, CH2CflN2), 
3.0 (t, 2, Ctf2CHN2), 2.5 (s, 3, SCH3). 

2-Carboxy-6-(methylthio)tryptamine (15b). A solution of 
the 0-carboline 14b (3.3 g, 0.014 mol) in 70 mL of 2 N NaOH in 
60% aqueous EtOH was refluxed overnight. After the solvent 
was removed in vacuo and the pH was adjusted to 6 with AcOH, 
the precipitated amino acid 15b was collected. Recrystallization 
from hot EtOH gave 2.5 g (71%) of pure 15b: mp 185-188 °C; 
IR (KBr) 3000-3600 (OH and NH), 2100 (NH3

+), 1580 (COf), 
1200 (SCH3 wag); NMR (D20 + Me2SO-d6) 8 6.8-7.5 (m, 4, Ar 
H), 3.0-3.2 (br, dd, 4, CH2CH2), 2.5 (s, CH3S overlapping CH3SO). 

6-(Methylthio)tryptamine (16b). The amino acid 15b (2.5 
g, 0.01 mol) was refluxed in 50 mL of 10% aqueous HC1 for 20 
h. After cooling, the solution was adjusted to pH 12 with 5 N 
NaOH and then extracted with EtOAc. The organic layer was 
dried (MgS04), filtered, and evaporated to give 1.75 g (85%) of 
a yellow oil. On the basis of spectral data, this material was used 
without further purification in the subsequent step: IR (neat) 
2950-3200 (NH and indole NH), 1200 (SCH3 wag); NMR 8 8.9 
(br s, 1, indole NH), 6.7-7.6 (m, 4, Ar H), 2.6-3.2 (m, 4, CH2CH2), 
2.5 (s, 3, SCH3), 1.6 (br s, 2, NH2). 

6-(Methylthio)-JV,JV-dimethyltryptamine Methiodide 
(17b). Crude tryptamine 16b (4.95 g, 0.025 mol) was dissolved 
in 300 mL of MeOH containing 10.6 g (0.08 mol) of CH3I and 6.3 
g (0.08 mol) of NaHC03. This mixture was refluxed for 72 h, and 
2 g of CH3I was added at 24 and 48 h, respectively. Removal of 
the solvent in vacuo gave a colorless solid, which was recrystallized 
from boiling EtOH (Norite) to give 3.3 g (36%) of 17b as colorless 
needles: mp 215-217 °C; IR 3250 (indole NH), 1620 (Ar C=C), 
1470 (NCH3), 1330 (SCH3); NMR (Me2SO-d6) 8 7.5-7.6 (d, 1, C-2 
H), 7.2 (dd, 2, C-4 H, C-5 H), 6.9-7.0 (dd, 1, C-7 H), 3.6 (m, 2, 
CH2N), 3.2 (s, 9, CH3), 3.0-3.2 (m, overlap NCH3, 2, CH2CH2N), 
2.5 (s, SCH3 overlap CH3 of Me2SO). 

6-(Methylthio)-JV,JV-dimethyltryptaniine (8). Methiodide 
17b (2.2 g, 6 mmol) was refluxed in 50 mL of DMF containing 
1.3 g (11.5 mmol) of l,4-diazabicyclo[2.2.2]octane (DBO) for 3 h. 
The reaction mixture was diluted with 300 mL of H20 and then 
extracted with 600 mL of a 1:2 mixture of EtOAc/benzene, and 
the organic layer was back-extracted with 10% HC1. Basification 
of the aqueous layer with 5 N NaOH liberated the crude amine, 
which was extracted with EtOAc. After drying (MgS04), the 
solvent was evaporated to yield a dark-yellow oil, which was 
subjected to Kugelrohr distillation (140 °C, 0.01 mm). Recrys
tallization of the viscous distillate from benzene/petroleum ether 
yielded 0.543 g (33%) of pure 17b: mp 62-63 °C; NMR 5 8.1 (br 
s, 1, NH), 6.8-7.5 (m, 4, Ar H), 2.7-3.0 (td, 2, CH2Cff2N), 2.5-2.7 
(m, 2, Ctf2CH2), 2.5 (s, 3, SCH3), 2.2 (s, 6, NCH3). Anal. (C13-
H18N2S) C, H, N, S. 

Method B. 2-Nitro-5,6-(methylenedioxy)toluene (18a). To 
a stirred mixture of 3.7 g of Adogen 464,24 138 mL of CH2Br2, and 
160 mL of H20 was added a solution of 100 g (0.8 mol) of 3-
methylcatechol in 400 mL of H20 and 80 g (2 mol) of NaOH 
during 2 h under N2. After stirring for an additional hour, the 
mixture was steam distilled to give 85 g (78%) of 2,3-(methy-
lenedioxy)toluene13 as a colorless oil. To a stirred mixture of 21 
g (0.19 mol) of this oil, 59 g of AcOH, and 1 g of Hg(OAc)2 heated 
to 80 °C was added dropwise 12.8 g (0.2 mol) of nitric acid, and 
the mixture was heated and stirred at 80 °C for an additional 2 
h. The mixture was poured into ice-H20, extracted with Et20, 
dried (MgS04), and filtered, and the solvent was evaporated. The 
orange solid residue was recrystallized from EtOH to yield 20 g 
(58%) of the mixed ortho- and meta-nitration products, mp 65-67 
°C. TLC on silica gel plates in benzene/CHCl3 (both at 9:1 and 
1:9) gave two spots: IR 1535 (N02), 1360 (N02), 1290 (OCO) cm"1; 
NMR 8 7.7 (d, J = 3 Hz, 1, over d, J = 10 Hz, C-3, C-4), 7.4 (d, 
J = 3 Hz, C-2), 6.2 (s, 4, OCH2), 2.4 (s, 3, CH3), 2.3 (s, 3, CH3). 
Anal. (C8H7N04) C, H, N. 

(£)-,S-(Dimethylamino)-5,6-(methylenedioxy)-2-nitro-
styrene (19a). Under an atmosphere of N2, a mixture of 15 g 
(0.08 mol) of the mixed nitromethylenedioxytoluenes, 100 mL of 

(24) Methyltrialkyl(C8-C10)ammonium chloride, Aldrich Chemical 
Co. 

freshly distilled DMF (H20 pump pressure), and 12.8 g (0.104 
mol) of iV,iV-dimethylformamide dimethyl acetal was distilled 
slowly through a glass helices packed column equipped with a 
total reflux-variable take off head to permit continuous removal 
of MeOH as formed while maintaining a head temperature of 50 
to 70 °C. After 4 h, 5.9 mL of MeOH (theory, 6.4 mL) had been 
collected. DMF was removed from the pot residue by evaporation 
in vacuo, the dark solid residue was dissolved in benzene, washed 
with H20, dried (MgS04), and filtered, and the benzene was 
removed by evaporation in vacuo to give the crude aminostyrene 
19a: yield 4.8 g (50%) of red needles after recrystallization from 
hexane-benzene: mp 126-128 °C; NMR 8 7.5 (dd, 2, C-3 H), 6.5 
(d, 1, ArCtf=CH), 6.1 (s, 2, OCH20), 5.7 (d, 1, CH=CHN), 2.8 
(s, 6, CH3). Anal. (CnH12N204) C, H, N. 

4,5-(Methylenedioxy)indole (20a). To a solution of 3.5 g 
(0.015 mol) of 19a in 200 mL of benzene in a Parr hydrogenation 
bottle was added 0.35 g of 10% Pd/C, and the mixture was shaken 
under 3 atm of H2 for 7 h. The mixture was filtered from the 
catalyst, and the filtrate was rapidly washed with cold 2 N H2S04, 
aqueous NaHC03, and H20, dried, and filtered. The benzene was 
evaporated to yield 1.2 g (50%) of 20a: mp 111 °C after re
crystallization from benzene-petroleum ether; NMR 8 10.1 (br 
s, 1, NH), 7.2 (dd, 1, C-2 H), 6.8 (dd, 2, C-6 H, C-7 H), 6.3 (t, 1, 
C-3 H), 5.6 (s, 2, OCH20). Anal. (C9H7N02) C, H, N. 

(E)-6-(Methylthio)-2-nitro-0-pyrrolidinostyrene (19b). 
2-Nitro-6-(methylthio)toluene (18b;25 21.5 g, 0.118 mol) was 
dissolved in 150 mL of freshly distilled DMF, and 36 mL (0.25 
mol) of dimethylformamide dimethyl acetal and 19.2 mL (0.24 
mol) of pyrrolidine were added. The mixture was refluxed under 
N2 for 4 h. After the mixture was cooled, the DMF was removed 
at 0.5 mm in order to maintain the temperature below 40 °C. 
Trituration of the oily red residue with ice-cold MeOH induced 
crystallization to give crude 19b, mp 85-90 °C. Recrystallization 
from EtOH gave 24 g (77%) of red needles, mp 91-92 °C. NMR 
indicated 11% of the NJV-dimethylaminostyrene, an impurity 
which was removed from the analytical sample by further re
crystallization from EtOH, mp 91-92 °C, but was not removed 
from the material reduced in the next step: NMR 8 7.0-7.4 (m, 
3 H), 6.8 (d, 1 H), 5.2 (d, 1 H), 3.3 (t, 4 H), 2.8 (s, ~0.5 H, from 
the NCH3), 2.5 (s, 3 H), 2.0 (t, 4 H). Anal. (C13Hi6N202S) N, S. 

4-(Methylthio)indole (20b). Pyrrolidinostyrene 19b (18.1 g, 
0.068 mol) was stirred under N2 with 57.2 g (1.02 mol) of iron 
powder in 208 mL of 50% EtOH-AcOH.28 The reaction mixture 
was warmed to 85 °C and maintained at this temperature for 10 
min. During this time, a vigorous reaction occurred, acompanied 
by evolution of gas and the formation of a white precipitate; the 
red suspension changed to a gray paste. After an additional 10 
min, the paste was poured into a solution of 291 g of Na2S205 in 
1750 mL of H20, and the organic material was extracted with 
Et^O. The extract was washed with aqueous NaHC03 and H20, 
dried (MgS04), and evaporated to give a green oil, which was 
applied to a column of alumina (100 g of neutral A1203, 60 mesh) 
and eluted with 300 mL of 1:1 benzene-petroleum ether, followed 
by 300 mL of benzene. Removal of the solvent afforded 7.0 g 
(63%) of 20b as a nearly colorless solid: mp 36-38 °C. The 
analytical sample (from EtOH) melted at 37-38 °C (lit.26 mp 44-47 
°C): NMR 8 8.1 (br s, 1, NH), 6.9-7.2 (m, 4, C-5 H, C-6 H, C-7 
H, C-2 H), 6.7 (t, 1, C-3 H), 2.5 (s, 3, SCH3). Anal. (C9H9NS) 
C, H, N. 

N,N-Dimethyl-4,5-(methylenedioxy)indole-3-glyoxalamide 
(22a). To a stirred solution of 4.8 g (0.03 mol) of 20a in 60 mL 
of anhydrous Et^O cooled in an ice bath was added a solution of 
5 mL (0.038 mol) of oxalyl chloride so that the temperature did 
not exceed 10 °C. The red solid acid chloride was collected by 
filtration, washed with Et20, returned to the original flask, and 
suspended in 60 mL of fresh anhydrous Et20. Dimethylamine 
(7 mL, 0.1 mol) was added at 10 °C, and the mixture was stirred 
for 30 min. The crude solid product was collected and slurried 
in 50 mL of H20 to dissolve dimethylamine hydrochloride. Crude 

(25) K. Pilgram and F. Korte, Tetrahedron, 20, 177 (1964). 
(26) Belgian Patent (Sandoz) 609517, 1962; Chem. Abstr., 57, 

P13727d (1962). 
(27) E. Andelerova, I. Ernest, and V. Hnevestova, Collect. Czech. 

Chem. Commun., 25, 784 (1960). 
(28) A. Ek and B. Witkop, J. Am. Chem. Soc, 76, 5579 (1959). 
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22a was filtered off and dried in a vacuum oven to yield 5.7 g 
(77%) of a colorless solid, mp 240-243 °C, which was reduced 
without further purification. 

4,5-(Methylenedioxy)-Ar,JV-dimethyltryptamine (1). To 
a stirred and cooled (ice bath) mixture of 3.8 g (0.1 mol) of LiAlH4 
in 100 mL of anhydrous THF was added a solution of 3.7 g (0.015 
mol) of 22a in 500 mL of anhydrous THF during 1 h. The mixture 
was then stirred and refluxed for 1 h, cooled in an ice bath, and 
hydrolyzed by the cautious sequential addition of 3.8 mL of H20, 
3.8 mL of 5 N NaOH, and 10.4 mL of H20 and allowed to stir 
for 30 min. The inorganic salts were removed by filtration, the 
filtrate was dried (MgS04) and filtered, and the solvent was 
evaporated to leave a residual yellow oil. Kugelrohr distillation 

(100 °C, 0.5 mm) of this oil gave, after recrystallization from 
benzene-petroleum ether, 250 mg (8%) of a colorless solid: mp 
93-95 °C; NMR [(CD3)2C=0] S 9.9 (br s, 1, NH), 7.0 (br s, 1, C-2 
H), 6.7 (q, 2, C-6 H and C-7 H), 5.9 (s, 2, OCH20), 2.9 (br t, 2, 
CH2N), 2.6 (brt, 2, GtfjCH^, 2.2 (s, 6, NCH3). Anal. (C12H16N202) 
C, H, N. 
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Derivatives of fentanyl, 3-methylfentanyl, sufentanil, and lofentanil, possessing chemo- or photoaffinity functionalities, 
were synthesized as potential affinity reagents for the opiate receptor, Opiate receptor binding constants (IC50) 
were determined in competition experiments with [3H]naloxone and [3H]naltrexone. Affinity-labeling experiments 
were generally unsuccessful, although some irreversible attachment was achieved with a-diazoamide 17 and aryl 
azide 23. 

Opiate receptors, stereospecific binding sites for narcotic 
analgesic drugs in the central nervous system of verteb
rates, have been extensively studied1 since their initial 
identification2 in 1973. Much research1 has focused on the 
determination of membrane components responsible for 
the high-affinity binding, especially following the discov
ery3 of endogenous opioid ligands, the enkephalins and 
endorphins. The isolation and characterization of opiate 
receptors would aid in understanding their function on a 
molecular level and their role in neuromodulation. 

Attempts to isolate and purify membrane-bound opiate 
receptors in an active state have been plagued with 
problems.1,4 Simon et al. found that preformed ligand-
receptor complexes allowed receptor solubilization, but the 
dissociated receptor isolate was unable to bind opiate 
ligands.48 A receptor-enkephalin complex solubilized by 
Zukin and Kream, using the same procedure, was also 
inactive.415 More recently, active solubilized receptors have 
been reported by three research groups.5 In 1977 we 
became interested in applying affinity-labeling methods, 
which had proved to be useful in the isolation of various 
biological macromolecules,6 to the opiate receptor. Al
though several unsuccessful approaches to affinity labels 
for the opiate receptor had already been explored at that 
time,7 we sought to synthesize a new series of compounds 
based on fentanyl (1) and its congeners [(+)-cis-3-
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methylfentanyl (2, R-26,800),8 lofentanil (3, R-34,995),9 and 
sufentanil (4, R-30,730)9], possessing either chemo- or 
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(3) (a) Hughes, J. Brain Res. 1975,88, 295. Hughes, J.; Smith, J. 
W.; Kosterlitz, H. W.; Fothergill, L. A.; Morgan, B. A.; Morris, 
H. W. Nature (London) 1975, 258, 577. (b) Goldstein, A. 
Science 1976,193, 1081. 

(4) (a) Simon, E. J.; Hiller, J. M.; Edelman, I. Science 1975,190, 
389. (b) Zukin, R. S.; Kream, R. M., Proc. Natl. Acad. Sci. 
U.S.A. 1979, 76, 1593. 

(5) Some promising reports on the solubilization of active opiate 
receptors have recently appeared: (a) Riiegg, U. T.; Hiller, J. 
M.; Simon, E. J. Eur. J. Pharmacol. 1980, 64, 367. Ruegg, U. 
T.; Cuenod, S; Hiller, J. M.; Gioannini, T.; Howells, R. D.; 
Simon, E. J. Proc. Natl. Acad. Sci. U.S.A. 1981, 78, 4635. (b) 
Simonds, W. F.; Koski, G.; Streaty, R. A.; Hielmeland, L. M.; 
Klee, W. A. Proc. Natl. Acad. Sci. U.S.A. 1980, 77, 4623. (c) 
Bidlack, J. M.; Abood, L. G. Life Sci. 1980, 27, 331; Bidlack, 
J. M. Abood, L. G.; Osei-Gyimah, P.; Archer, S. Proc. Natl. 
Acad. Sci. U.S.A. 1981, 78, 636. 

(6) (a) Chowdhry, V.; Westheimer, F. H. Annu. Rev. Biochem. 
1979, 48, 293. (b) Westheimer, F. H. Proc. Am. Philos. Soc. 
1978,122, 355. (c) Knowles, J. R. Ace. Chem. Res. 1972,5,155. 
(d) Singer, S. J.; Ruoho, A.; Kieter, M.; Lindstrom, J.; Lennox, 
E. S. In "Drug Receptors"; Rang, H. P., Ed.; University Park 
Press: Baltimore, MD, 1973, pp 183-90. 

(7) (a) Winter, B. A.; Goldstein, A. Mol. Pharmacol. 1972, 6, 601 
(b) Schulz, R.; Goldstein, A. Life Sci. 1975,16, 1843. (c) Po 
rtoghese, P. S.; Hanson, R. N.; Telang, V. G.; Winger, J. L. 
Takemori, A. E. J. Med. Chem. 1977, 20,1020. (d) Takemori 
A. E.; Ward, A.; Portoghese, P. S.; Telang, V. G. Ibid. 1974,17, 
1051. (e) Rice, K. C.; Shiotani, S.; Creveling, C. R.; Jacobson 
A. E.; Klee, W. A. Ibid. 1977, 20, 673. 

0022-2623/82/1825-0913$01.25/0 © 1982 American Chemical Society 


