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The synthesis and the 5-HT receptor activity of a novel series of A^iV-dimethyltryptamines 
substituted in the 5-position with an imidazole, triazole, or tetrazole ring are described. The 
objective of this work was to identify potent and selective 5-HTm receptor agonists with high 
oral bioavailability and low central nervous system penetration. Compounds have been 
prepared in which the azole ring is attached through either nitrogen or carbon to the indole. 
Conjugated and methylene-bridged derivatives have been studied (n = 0 or 1). Substitution 
of the azole ring has been explored either a or /? to the point of attachment to indole. In a 
series of N-linked azoles (X = N), simple unsubstituted compounds have high affinity and 
selectivity for 5 -HTID receptors. It is proposed that for good affinity and selectivity a hydrogen 
bond acceptor interaction with the 5 - H T I D receptor, through a ^-nitrogen in the azole ring, is 
required. In a series of C-linked triazoles and tetrazoles (X = C), optimal affinity and selectivity 
for the 5 -HTID receptor was observed when the azole ring is substituted at the 1-position with 
a methyl or ethyl group. This study has led to the discovery of the 1,2,4-triazole 10a (MK-
462) as a potent and selective 5 - H T I D receptor agonist which has high oral bioavailability and 
rapid oral absorption. The in vitro activity and the preliminary pharmacokinetics of compounds 
in this series are presented. 

Introduction 

During the last 5 years, molecular biology has re­
vealed the immense diversity of serotonin (5-HT, 1) 
(Chart 1) receptors. At this point in time, seven 5-HT 
receptor families have been identified of which 5-HTi,2,4-7 
are G-protein-coupled receptors.2-8 For many of these 
5-HT families, receptor subtypes have been identified 
and classified on the basis of a combination of amino 
acid sequence homology in the seven transmembrane 
domains, the signal transduction mechanism, and clas­
sical pharmacology.9 The most recently cloned subtypes 
hold promise for the discovery of new selective drug 
candidates in the next 5-10 years. The 5-HTi family 
appears to have the highest multiplicity, and to date 
five human 5-HTi-like receptors have been cloned, 
5-HTIA, 5-HTIB/ID/J, 5-HIW, 5-HT1E, and 5-HTiF.

2>3 

Much work recently has focused on 5-HTID receptors,10 

originally characterized in bovine brain membranes11 

and shown to have high affinity for the 5-HTi selective 
agonist 5-carbamoyltryptamine (5-CT, 2).12 The intro­
duction of the 5-HTID receptor agonist sumatriptan (3), 
for the acute treatment of migraine,13 has sparked an 
intense research effort to discover more potent and 
selective 5-HTm receptor agonists with improved phar­
macokinetic profiles.14-18 Sumatriptan selectively con-
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stricts intracranial vascular smooth muscle and inhibits 
neuropeptide release from perivascular trigeminal sen­
sory neurones, and both mechanisms have been pro­
posed to be important in eliciting its antimigraine 
action.19'20 

We have recently reported that the carboxamide and 
sulfonamide groups of 2 and 3, respectively, can be 
replaced with substituted 1,2,4-oxadiazole and 1,2,4-
thiadiazole rings to give potent and selective 5-HTID 
receptor agonists, and we concluded that the H-bond 
acceptor ability of these rings was important for 5-HTID 
receptor affinity and selectivity.2122 Structure—activity 
studies in these series led to the discovery of the 
benzylsulfonamide 4a (L-694,247) as a highly potent 
5-HTm receptor agonist with good selectivity for 5-HTID 
receptors.23 Pharmacokinetic studies on compounds 
such as 4a, however, suggested low oral bioavailability. 
In the oxadiazole series, it was generally found that 
primary tryptamines had low oral bioavailability, prob­
ably as a result of metabolism by monoamine oxidase. 
The N,iV-dimethyltryptamine 4b (L-695,894) however, 
showed 40% oral bioavailability in rats but had signifi­
cant affinity for 5-HT2A and 5-HT2C receptors.21 In order 
to improve the 5-HTID receptor selectivity and oral 
bioavailability, we have extended this work to explore 
alternative 5-membered heteroaromatic rings which are 
also capable of functioning as H-bond acceptors. Com­
pounds were sought which had log D's < —0.5 to 
minimize central nervous system (CNS) penetration.13 

We describe herein the synthesis, serotonergic activity, 
and preliminary pharmacokinetics of a series of N,N-
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NO, 
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7a-c 
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f,gorh(9a) V ^ N 

\ = X 

10a-c 

MK-462 

NH2.HCI 
8a-c 

c,d,e 

NHNH, 
9a-c 

° Reagents: (a) NaH, DMF, 4-nitrobenzyl bromide; (b) H2, 10% Pd-C, EtOH, 2 N HCl; (c) NaN02, H20, concentrated HCl, -10 °C; (d) 
SnCl2-2H20, concentrated HCl; (e) NaOH (aqVEtOAc; (f) 4-chlorobutanal dimethyl acetal, EtOH/H20 (5:1), 5 N HCl (1.2 equiv), reflux, 4 
h; (g) HCHO, NaCNBH3, MeC02H, MeOH, 0 °C; (h) 4-(iV;V-dimethylamino)butanal dimethyl acetal, 4% H2S04, reflux, 2 h. 

dimethyltryptamines (5), substituted in the 5-position 
of indole with imidazole, triazole, or tetrazole and linked 
through either N or C in the ring. The choice of these 
heterocycles also allowed a study of the effect of 
substitution in the ring, either a or /3 to the point of 
attachment to indole, on 5 -HTID receptor affinity and 
selectivity. This work has led to the discovery of the 
1,2,4-triazole 10a (L-705,126, MK-462) as a potent and 
selective 5-HTID receptor agonist with high oral bio­
availability and good in vivo activity predictive of 
antimigraine action.24 

Synthetic Chemistry 
The imidazole-, triazole-, and tetrazole-substituted 

7V,iV-dimethyltryptamines 10a—c and 14a—d were pre­
pared starting from 4-nitrobenzyl bromide (Schemes 1 

and 2). Reaction of the sodium derivative of 1,2,4-
triazole with 4-nitrobenzyl bromide gave 4-nitrobenzyl 
triazole 7a as a crystalline solid and, as expected, as a 
single isomer25* (Scheme 1). Similar treatment of 
4-nitrobenzyl bromide with imidazole and 2-methylimi-
dazole gave the 4-nitrobenzyl imidazoles 7b,c, respec­
tively. Alkylation of l-H-l,2,3-triazole with 4-nitroben­
zyl bromide gave a 6:1 mixture of l la:b which were 
separated by silica gel chromatography (Scheme 2). 
Reaction of l-#-tetrazole with 4-nitrobenzyl bromide 
under the same conditions gave the alkylation products 
l i e (75%) and l i d (17%). The regiochemical assign­
ments for 11a—d were made on the basis of NOE 
enhancement experiments. Saturation of the H-5 imi­
dazole and tetrazole protons in l la ,c , respectively, gave 
an NOE enhancement of CH2 thus denning N-l as the 
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* 7 Y=Z 

NHNH, 
14a-d 13a-d 

" Reagents: (a) NEt3, MeCN, 4-nitrobenzyl bromide; (b) H2, 10% Pd-C, EtOH, 2 N HCl; (c) NaN02) H20, concentrated HCl, -10 °C; 
(d) SnCl2-2H20, concentrated HCl; (e) NaOH (aq)/EtOAc; (f) 4-chlorobutanal dimethyl acetal, EtOH/H20 (5:1), 5 N HCl (1.2 equiv), reflux, 
4 h; (g) HCHO, NaCNBH3, MeC02H, MeOH, 0 °G. 

Scheme 3° 
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W 
6a or 6c 
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NO, 
15a: X = N;R = H 
15b: X = C;R = Me 

NH2.HCI 
16a,b 

NMe2 

f.9 

c,d,e 

NHNH, 
18a,b 17a,b 

a Reagents: (a) NaH, DMF, 4-fluoronitrobenzene; (b) H2, 10% Pd-C, EtOH, 2 N HCl; (c) NaN02, H20, concentrated HCl, -10 °C; (d) 
SnCl2-2H20, concentrated HCl; (e) NaOH (aq)/EtOAc; (f) 4-chlorobutanal dimethyl acetal, EtOH/H20 (5:1), 5 N HCl (1.2 equiv), reflux, 4 
h; (g) HCHO, NaCNBHs, MeC02H, MeOH, 0 °C. 

position of alkylation of the heterocycles. Hydrogena-
tion of 7 a - c and l l a - d over Pd -C gave the anilines 
8 a - c and 12a-d which were isolated as their hydro­
chloride salts. Treatment of 8 a - c and 12a-d with 
NaNC>2 followed by reduction of the intermediate dia-
zonium salts with SnCl2'2H20 gave the hydrazines 
9 a - c and 13a-d. Fischer reaction2513 of 9 a - c and 
13a-d with 4-chlorobutanal dimethyl acetal,26 in re-
fluxing EtOH/H20 (5:1) and 5 N HCl (1.2 equiv), 
afforded the corresponding tryptamines which were 
treated with NaCNBH3/CH20/MeC02H to give the N,N-
dimethyltryptamines lOa-c and 14a-d respectively, 
in moderate yields (Schemes 1 and 2).27 An alternative 
procedure for the preparation of triazole 10a was to 
treat the hydrochloride salt of hydrazine 9a with 4-(NJf-
dimethylamino)butanal dimethyl acetal,28 in refluxing 
4% sulfuric acid, to give A^iV-dimethyltryptamine 10a 
directly. 

The route to the conjugated triazole 18a and imida­
zole 18b is shown in Scheme 3. Reaction of the sodium 
salt of 1,2,4-triazole with l-fluoro-4-nitrobenzene, in 
DMF, gave a high yield of the N-l alkylation product 
15a together with a trace amount of the N-4 adduct. 
Similar reaction of 2-methylimidazole with l-fluoro-4-
nitrobenzene gave 15b. Hydrogenation of 15a,b gave 
the anilines 16a,b which were converted to the hydra­

zines 17a,b using NaN02/SnCl2*2H20. Fischer reaction 
of 17a,b with 4-chlorobutanal dimethyl acetal followed 
by N,N-dimethylation of the resultant tryptamines 
afforded 18a,b. 

The AT-methyl-l,2,4-triazoles 21a,b and 26 were 
prepared as illustrated in Schemes 4 and 5. The imino 
ether 20 was prepared by treatment of A^AT-dimethyl-
2-[5-(cyanomethyl)-Lff-indol-3-yl]ethylamine, 19,21 with 
EtOH/HCl (gas). Treatment of 20 with methylhydra-
zine followed by refluxing in formic acid gave the 
iV-methyl-l,2,4-triazoles 21a,b in a 1:2 ratio, respec­
tively, in low yield. Regiochemical assignments were 
again based on NOE enhancement experiments. Satu­
ration of the methyl of 21a,b gave NOE enhancements 
of the triazole proton and methylene bridge, respec­
tively, thus defining the regiochemistry. The 4-methyl-
1,2,4-triazole 26 was prepared starting from the methyl 
imino ether 22 (Scheme 5). Addition of formylhydrazine 
to 22 gave the formylhydrazone 23 which was reacted 
with methylamine to give the desired 4-methyl-l,2,4-
triazole 24, in 87% yield, after silica gel chromatogra­
phy. Hydrogenation followed by diazotization and 
reduction gave the hydrazine 25. Fischer reaction of 
25 with 4-(Af,2V-dimethylamino)butanal dimethyl acetal, 
in refluxing 4% H2SO4, gave 26 in moderate yield. 
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Scheme 4° 
NMe 

Street et al. 

NMe2 

NMe2 

" Reagents: (a) EtOH/HCl; (b) MeNHNH2, EtOH, NEt3; (c) HC02H, reflux, 2 h. 

Scheme 5a 

NHNH,.HCI 

0 Reagents: (a) NH2NHCHO, MeOH; (b) MeNH2 (g), MeOH; (c) H2, 10% Pd-C, EtOH, 2 N HCl; (d) NaN02, H20, concentrated HCl, 
-10 °C; (e) SnCl2-2H20, concentrated HCl; (f) 4-(AT,iV-dimethylamino)butanal dimethyl acetal, 4% H2S04, reflux, 2 h. 

A series of tetrazoles substituted on either N-l or N-2 
was prepared (Scheme 6). The tetrazole ring of N,N-
dimethyltryptamine 28 and tryptamine 29 was con­
structed by reaction of the corresponding nitriles 19 and 
27, respectively, with sodium azide, in AT-methyl-2-
pyrrolidinone, using triethylamine hydrochloride as 
catalyst. Tetrazoles 28 and 29 were obtained in 76% 
and 69% yield, respectively. Tetrazole formation was 
not observed when the free bases of 19 and 27 were 
used. In order to alkylate the tetrazole ring of 29, 
protection of the tryptamine as the Boc derivative 30 
was necessary. Reaction of 30 with methyl iodide gave 
a mixture of the N-l and N-2 alkylation products 31a,b 
in a 1.9:1 ratio which were separated by silica gel 
chromatography. Similar reaction of 30 with ethyl 
iodide gave the ethyl tetrazoles 33a,b in 43% and 37% 
yields, respectively. In each case, the N-l alkylation 
products were more polar than the N-2 adducts on silica 
gel and the structural assignments were made by NOE 
enhancement experiments. Thus, saturation of the 
methyl of 31a and the GH2CH3 of 33a gave NOE 
enhancement of the methylene bridge in each com­
pound, thus defining the position of alkylation as N-l. 
Removal of the Boc group of 31a,b and 33a,b was 
achieved using trifiuoroacetic acid to give the tryptamines 
32a,b and 34a,b, respectively. Reaction of 32a,b and 
34a,b with NaCNBH3/HCHO/CH3C02H in MeOH gave 

the iVjAT-dimethyltryptamines 35a,b, and 36a,b respec­
tively (Scheme 6). 

Results and Discussion 

Structure-Affinity Relationships. The 5-HTID 
receptor affinities of compounds were measured by 
displacement of [3H]-5-HT from bovine caudate mem­
branes, in the presence of cyanopindolol and me-
sulergine to block interactions with 5-HTIA, 5-HTIB, and 
5-HT2C sites.11-21-29 The data is presented in Tables 1-3. 

The 5-HTXD receptor affinities of a series of imida­
zoles, triazoles, and tetrazoles, attached to indole through 
a ring N, are shown in Table 1. The 1-substituted 1,2,4-
triazole 10a has good affinity for the 5-HTID receptor 
and is comparable to the 1-substituted 1,2,3-triazole 
14a. Both compounds have low log D's, predictive of 
low CNS penetration (cf. sumatriptan log D = -1.17) 
which is important for potential antimigraine agents of 
this class.13ab The 2-substituted 1,2,3-triazole 14b has 
reduced affinity compared to 10a and 14a, suggesting 
that a ring N, /3 to the position of substitution (X or Y = 
N), is important for binding to the 5-HTID receptor in 
this series. The 4-substituted 1,2,4-triazole analogue 
of 10a could not be prepared because of stability 
problems. Imidazole 10b and tetrazoles 14c,d have 
comparable 5-HTID receptor affinities to triazole 10a 
although log D is optimal for 10a reflecting the higher 
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Scheme 6a 

NR2.HCI NHBoc 

19: R = Me 
27: R = H 

dr 31b: R1 = Boc;R2 = Me 
^-r32b: R1 = H;R2 = Me 
^ 3 3 b : R1 = Boc; R2 = Et 
V-r34b: R1 = H; R2 = Et 

G31a: R1 = Boc; R2 = Me 
32a: R1 = H; R2 = Me 
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V-r34a: R1 = H; R2 = Et 

R—N 

° Reagents: (a) NaN3, iV-methyl-2-pyrrolidinone, Et3N-HCl, 160 °C, 8-
trifluoroacetic acid, CH2C12; (e) HCHO, NaCNBH3, MeC02H, MeOH, 0 °C. 

NMe2 

35b 
36b 

35a: R = Me 
36a: R = Et 

-16 h; (b) (Boc)20, NEt3, CH2C12; (0 R2I, NEt3, MeCN; (d) 

Table 1. Displacement of [3H]-5-HT Binding to 5-HTID 
Recognition Sites in Pig Caudate Membranes by N-Linked 
Imidazoles, Triazoles, and Tetrazoles and Standard 5-HTID 
Agonists 

NMe2 

compd 

5-HTU) 
5-CT (2) 
sumatriptan (3) 
4a 
4b 
10a 
10b 
10c 
14a 
14b 
14c 
14d 
18a 
18b 

n 

1 
1 
1 
1 
1 
1 
1 
0 
0 

w 

N 
C 
C-Me 
N 
N 
N 
N 
N 
C-Me 

X 

c 
N 
N 
N 
C 
N 
N 
C 
N 

Y 

N 
C 
C 
C 
c 
N 

c 
N 
C 

z 

c 
c 
c 
c 
N 
c 
N 
C 
c 

pICeo ± SEM" 

8.0 ± 0.09 
8.4 ±0.1 
7.7 ± 0.08 
9.5 ±0.19 
7.6 ±0.21 
7.3 ± 0.08 
7.5 ± 0.06 
7.2 ±0.13 
7.3 
6.6 ± 0.06 
7.4 ± 0.10 
7.4 ± 0.08 
7.7 ± 0.03 
8.1 ±0.10 

logD6 

-1.17 
0.25 

-0.67 
-0.74 
-0.53 
-0.74 
-0.70 
-0.20 
-0.64 
-0.34 
-0.34 
-0.13 

" SEM = standard error of the mean from n > 3. Where SEM 
is not quoted, the figures are the mean of two independent 
determinations typically with individual values within ±(10-15)% 
of the mean. b log P measured at pH 7.4. 

basicity of this system. 2-Methyl substitution of the 
imidazole ring, to give 10c, resulted in slightly lower 
affinity for 5-HTID receptors compared to the unsubsti-
tuted analogue 10b. The effect of conjugation of the 
5-ring heterocycle with indole on 5-HTID receptor af­
finity, in this series, was demonstrated by preparation 
of triazole 18a and 2-methylimidazole 18b. Both com­

pounds have 5-10-fold higher affinity for the 5-HTID 

receptor than the methylene-linked analogues 10a,c. 
This result parallels that we reported for a series of 
3-substituted 1,2,4-oxadiazoles which led to the identi­
fication of the highly potent 5-HTID receptor agonist 
L-694,247.21'23 Unfortunately, a second consequence of 
conjugation is increased hydrophobicity, e.g., compare 
10c, logD = -0.74, and 18b, logD = -0 .13, resulting 
in greater penetration into the CNS. 

The three regioisomers of iV-methyl-l,2,4-triazole, 
21a,b and 26, were prepared to determine the effect of 
changing the position of methyl substitution on 5-HTID 

receptor binding and log D (Table 2). The 1,3-substi­
tuted triazole 21a has 10-fold lower affinity for 5-HTID 

receptors compared with sumatriptan. One order of 
magnitude improvement in activity was seen for the 
4-methyltriazole 26, whereas the 1,5-substituted tria­
zole 21b has intermediate 5-HTID receptor affinity. 
Triazole 26 also has optimal hydrophilicity, again 
reflecting the higher basicity of this pattern of substitu­
tion in the 1,2,4-triazole ring. 

Data for an analogous series of substituted tetrazoles 
are shown in Table 3. Here both the position of 
substitution in the ring and the size of the substituent 
were studied. The zwitterionic lif-tetrazole 28 has poor 
affinity for the 5-HTID recognition site suggesting that 
charged fragments at this position are not well tolerated 
by the receptor. Alkylation of the tetrazole ring gave 
up to 100-fold improvement in receptor affinity. In a 
series of methyl- and ethyl-substituted tetrazoles, the 
highest 5-HTID receptor affinity was observed for the 
1-substituted derivatives. Thus, 1-methyltetrazole 35a 
has 5-fold higher affinity than the 2-methyl analogue 
35b. 
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Table 2. Displacement of [3H]-5-HT Binding to 5-HTiD 
Recognition Sites in Pig Caudate Membranes by C-Linked 
Triazoles 

NMe2 

compd pIC50±SEMa LogD" 

Me 

21a 

21b 

26 

S N - N 

rN 
Me 
/ 

Nl 

6.7 

7.0 + 0.14 

N'Nv 7.6 

-1.01 

-0.75 

-1.44 

Me 
a'b See corresponding footnotes of Table 1. 

Table 3. Displacement of [3H]-5-HT Binding to 5-HTID 
Recognition Sites in Pig Caudate Membranes by C-Linked 
Tetrazoles 

NMe2 

compd 
28 
35a 
36a 
35b 
36b 

R 
H 
Me 
Et 
Me 
Et 

position of 
substitution 

1 
1 
2 
2 

PIC50 ± SEM" 
5.4 
7.6 
7.6 ± 0.16 
7.1 ± 0.05 
6.9 ±0.17 

log-D* 

-0.94 
-0.43 
-0.51 

0.02 

°'6 See corresponding footnotes of Table 1. 

The ethyltetrazoles 36a,b have comparable activity to 
the methyl derivatives 35a,b, respectively. S t r u c t u r e -
activity in the tetrazole series therefore parallels t h a t 
seen in the methyl triazole series wi th subst i tut ion of 
the heteroaromatic ring a t t he a-position leading to 
higher affinity compounds. 

The 5 - H T I D binding resul ts for the N-linked imida­
zoles, triazoles, and tetrazoles l O a - c , 1 4 a - d , and 
18a,b (Table 1) demonstrate t ha t unsubst i tuted 5-mem-
bered heteroaromatic rings are well tolerated a t the 
5 - H T I D recognition site. I t is predicted t h a t the critical 
role of the azole ring a t the receptor is to act as a H-bond 
acceptor. The lower affinity of the 2-substi tuted 1,2,3-
triazole 14b would suggest t h a t th is interaction is 
pr imari ly th rough the /3-nitrogen (X or Y in Table 1) of 
the azole ring in compounds 10a—c, 14a,c,d, and 18a,b. 
The importance of th is interaction is also reflected in 
the resul ts for the C-linked 1,2,4-triazoles and te t ra ­
zoles. The 5—10-fold higher affinity of 4-methyltriazole 
26 and 1-methyltetrazole 35a, compared to the triazole 
21a and 2-methyltetrazole 35b, can also be rationalized 
on the basis of the degree to which the /3-nitrogen in 

the azole ring can part icipate in a H-bond interaction. 
This would be more favorable for compounds 26 and 
35a. However, in these systems a more favorable hydro­
phobic interaction of the receptor with the a-methyl 
subs t i tuent cannot be ruled out. 

R e c e p t o r Se lec t iv i ty . The pharmacological speci­
ficity of the compounds for 5 - H T I D receptors was deter­
mined by measur ing affinities for 5 - H T I A , 5-HT2A, 
5-HT2C, and 5-HT3 receptors. The da ta are presented 
in Table 4. The 1,2,4-triazole 10a has good selectivity 
for 5 - H T I D receptors over 5 - H T I A receptors (6-fold) and 
5-HT2A, 5-HT2C, and 5-HT3 receptors (all > 100-fold) and 
h a s an improved selectivity profile over the aminooxa-
diazole 4b. Imidazoles 10b,c have comparable selectiv­
ity to 10a. In the N-linked series, introduction of more 
t h a n th ree ni trogen atoms into the heterocycle led to a 
reduction in receptor selectivity. Thus, tetrazole 14d 
h a s 8-fold higher affinity for 5-HT2c receptors t h a n 
triazole 10a and has generally lower receptor selectivity. 
Removal of the methylene bridge of 10a to give the 
conjugated triazole 18a reduced selectivity for 5 - H T I D 
receptors over 5 - H T I A and 5-HT2C, but > 100-fold selec­
tivity over 5-HT2A and 5-HT3 was mainta ined. The 
conjugated 2-methylimidazole 18b, however, has im­
proved selectivity for 5 - H T I D over all the other serotonin 
receptors measured, compared with the methylene-
bridged analogue 10c. In the carbon-linked triazole 
series, the 4-methyl-l ,2,4-triazole 26 has the optimal 
5 - H T I D receptor selectivity profile and is comparable to 
the nitrogen-linked triazole 10a. Interestingly, al­
though the acidic N-H tetrazole 28 showed poor affinity 
for 5 - H T I D receptors, it has high affinity and selectivity 
for 5 - H T I A receptors. The N - l alkyltetrazoles 35a and 
36a have higher selectivity for 5 - H T I D receptors t h a n 
the N-2 alkylation adducts 35b and 36b, with the ethyl 
tetrazole 36a having the best profile. Therefore, across 
the triazole and tetrazole series, substitution of the azole 
ring a to the methylene bridge always gives compounds 
with higher affinity and selectivity for 5 - H T I D receptors, 
compared wi th the /3-substituted products. Triazole 26 
and tetrazoles 35a and 36a a re more selective t h a n 
analogous compounds in the previously reported 1,2,4-
oxadiazole series in which only subst i tut ion (3 to the 
methylene bridge was possible.21 The binding selectiv­
ity of 10a for 5 - H T I D receptors in h u m a n cortical 
membranes was compared wi th sumat r ip tan , and the 
results are shown in Table 5. Triazole 10a and sumatrip­
t a n have comparable 5 - H T I D receptor selectivity in 
h u m a n bra in cortex. 

Funct iona l Activity. The in vitro functional activity 
of the compounds for 5 - H T I D receptors was assessed on 
the New Zealand white rabbit saphenous vein prepara­
tion. In this model, contractions evoked by agonists are 
considered to be mediated by 5-HTi-like receptors.3 0 

Agonist potencies were calculated as pECso values from 
plots of percentage 5-HT (1 fiM) response against 
concentration of the agonist. The resul ts are shown in 
Table 6. Triazole 10a is a potent agonist in the 
prepara t ion with potency and efficacy comparable to 
t h a t of 5-HT. Compound 10a is more potent in this 
assay t h a n the aminooxadiazole 4b and sumat r ip tan . 
The increased affinity observed on conjugating the 
heterocycle with indole, for compounds 18a,b, is re­
flected in the higher potency of these compounds in the 
functional assay. Similarly, the 1-substituted tetrazoles 
35a and 36a are more potent t h a n the 2-subst i tuted 
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Table 4. Selectivity of Imidazole, Triazole, and Tetrazole Derivativies in Binding to 5-HTm Serotonin Receptors 

compd 

sumatriptan (3) 
L-695,894 (4b) 
MK-462 (10a) 
10b 
10c 
14a 
14c 
14d 
18a 
18b 
21b 
26 
28 
35a 
36a 
35b 
36b 

5 - H T I D 6 

7.7 ± 0.1 
7.6 ± 0 . 2 1 
7.3 ± 0.08 
7.5 ± 0.06 
7.2 ± 0.03 
7.3 
7.4 ± 0 . 0 1 
7.4 ± 0.08 
7.7 ± 0.03 
8.1 ± 0 . 0 1 
7.0 ± 0 . 1 4 
7.6 
5.4 
7.6 
7.6 ±0 .16 
7.1 ± 0 . 0 5 
6.9 

5-HTIAC 

6.3 ± 0.2 
6.5 ± 0.05 
6.5 ± 0.08 
6.8 ± 0.02 
6.5 
6.9 
6.8 ± 0.07 
6.7 
7.6 
7.2 
6.5 
6.5 
7.2 
6.7 ±0 .19 
6.5 
6.2 ± 0.09 
6.3 

pIC5o ± SEM" 

5-HT2cd 

5.1 
5.9 ± 0.09 
5.1 ± 0.02 
5.4 ± 0 . 1 4 
5.5 ± 0.02 

5.7 ± 0 . 1 0 
6.0 ± 0 . 1 4 
6.3 
5.5 

<5.0 
5.1 

<5.0 
5.3 ± 0 . 2 1 

<5.0 
5.6 ± 0.23 
5.6 

5-HT2A
e 

<5.0 
6.4 
5.2 ± 0.06 
5.5 
5.1 
5.2 
5.3 
5.7 
5.0 

<5.0 
5.4 

<5.0 
<5.0 
<5.0 
<5.0 

5.6 
5.8 

5 -HT/ 

<5.0 
5.6 
5.4 ± 0.06 
5.9 
5.8 

5.9 
5.5 
5.0 
5.5 
5.0 
5.1 

<5.0 
5.3* 

<5.0 
5.6 
5.6 

° SEM = standard error of the mean from n > 3. Where SEM is not quoted, the figures are the mean of two independent determinations 
typically with individual values within ±(10-15)% of the mean. b Displacement of [3H]-5-HT binding to 5-HTID recognition sites in pig 
caudate membranes.c Displacement of [3H]-8-OH-DPAT from pig cortex. d Displacement of [3H]mesulergine from pig cortex.e Displacement 
of [3H]DOB from rat cortex homogenates. ''Displacement of [3H]Q-ICS 205-930 from rat cortex homogenates. g Value derived from a single 
determination. 

Table 5. Selectivity of 10a in Binding 
Human Brain Cortex 

compd 

10a 
sumatriptan (3) 

5 - H T I D 

7.1 ± 0 . 2 
7.4 ± 0.2 

pICso 

5-HT1A 

6.4 ± 0.07 
6.4 ± 0.04 

to 5-HT Receptors 

± SEM0 

5-HT2C 

<5.0 
<5.0 

5-HT2A 

5.1 ± 0 . 2 
5.1 ±0 .12 

in 

5-HT3 

<5.0 
<5.0 

0 See corresponding footnote of Table 4. The radioligands used 
are as shown in Table 4. 

Table 6. In Vitro Functional Activity of Imidazole, Triazole, 
and Tetrazole Derivatives 

compd pEC5 relative maximum6 

5-HT(l) 
sumatriptan (3) 
4b 
10a 
10b 
10c 
14a 
14c 
14d 
18a 
18b 
21b 
35a 
36a 
35b 
36b 

6.8 
6.2 
6.3 
6.6 
6.3 
6.2 
6.0 
6.7 
6.7 
7.2 
6.8 
6.2 
6.6 
6.4 
6.0 
6.2 

1.0 
1.0 
0.9 
1.0 
0.8 
0.7 
1.0 
1.0 
0.8 
1.2 
1.0 
0.7 
1.0 
1.0 
1.0 
0.7 

0 Contraction of the New Zealand white rabbit saphenous vein. 
The figures are the mean of two independent determinations 
typically with individual values within ±(10-15)% of the mean. 
b Relative maximum = relative efficacy of the agonist with respect 
to 1 fiM 5-HT. 

analogues 35b and 36b. A detailed description of the 
in vitro and in vivo functional activity of these com­
pounds, in particular for triazole 10a, will be presented 
shortly.31 

Pharmacokinetics. Conclusions from pharmacoki­
netic studies in the 1,2,4-oxadiazole series were (a) all 
compounds containing benzyl substituents showed low 
oral bioavailability and small substituents on the het-
erocycle, e.g., methyl and amino, were best; (b) primary 
tryptamines gave low oral bioavailability presumably 
because of extensive metabolism by monoamine oxidase; 
and (c) measurement of brain/plasma ratios suggested 

400-1 
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Figure 1. Concentrations of 10a benzoate and sumatriptan 
succinate in plasma after oral administration (3 mg kg-1) to 
rats. 

that conjugated heterocycles show greater CNS pen­
etration than the methylene-linked analogues, presum­
ably because of the higher hydrophobicity of these 
compounds. 

With these results in mind, the compounds of this 
study were designed to identify an optimal oral absorp­
tion profile in combination with low brain penetration. 
Triazole 10a was shown to have the most desired 
pharmacokinetic profile in rats, following oral admin­
istration (see Figure 1), with high bioavailability (76%; 
cf. sumatriptan, 44%) and rapid absorption (tm&x = 0.75 
h). The plasma half-life (tm) of 10a in rat was shown 
to be 0.8 h (cf. sumatriptan, 1.1 h) and the steady state 
volume of distribution (VSs) 6.3 L/kg (cf. sumatriptan, 
4.6 L/kg). After oral administration, triazole 10a could 
not be detected in rat brain at any time point (<20 ng/ 
mL). Following intravenous administration (iv), the 
brain/plasma ratios for 10a were as follows: at 0.083 
h, 0.07; at 0.25 h, 0.1; and at 0.5 h, 0.14 (cf. sumatriptan, 



1806 Journal of Medicinal Chemistry, 1995, Vol. 38, No. 10 Street et al. 

0.04, 0.09, and 0.1, respectively). This datum suggests 
that 10a only poorly penetrates the CNS after iv 
dosing.32 Both the C-linked triazole 26 and the 1-me-
thyltetrazole 35a showed poor oral absorption in rats. 
On the basis of its 5 -HTID receptor selectivity profile 
and oral bioavailability, 10a was chosen as the clinical 
candidate to investigate efficacy as an antimigraine 
agent, and results from these studies will be published 
in due course. 

Conclusions 

A novel series of imidazole-, triazole-, and tetrazole-
substituted indoles has been identified which are potent 
and selective agonists for the 5-HTID receptor. The 
heterocycle can be linked to indole through either N or 
C, and in the N-linked series, simple unsubstituted 
imidazoles, triazoles, and tetrazoles have high affinity 
and good selectivity for the 5-HTID receptor. The results 
suggest that for high affinity a H-bond acceptor interac­
tion with a /S-N in the azole ring is required. As reported 
for the oxadiazole series, directly linking the heterocycle 
to indole leads to a 5-10-fold increase in affinity. In a 
series of iV-methyl-substituted triazoles and tetrazoles, 
linked to indole through C, optimal potency and selec­
tivity were found when the heterocycle is substituted a 
to the methylene bridge. This may be a consequence of 
either a more favorable H-bond interaction or a more 
positive hydrophobic interaction. The 1,2,4-triazole 10a 
was shown to have the optimal pharmacokinetic profile 
with rapid oral absorption and high bioavailability and 
is currently undergoing clinical trials for the treatment 
of migraine. 

Experimental Section 

Chemical Methods: General Directions. Except where 
otherwise stated, the following procedures were adopted. JH 
NMR spectra were recorded at 360 MHz on a Brucker AM360 
instrument and mass spectra with a VG70-250 mass spec­
trometer. Organic solvents were purified when necessary by 
the methods described by Perrin et al. (Perrin, D. D.; Armar-
ego, W. L. F.; Perrin, D. R. Purification of Laboratory Chemi­
cals; Pergamon: Oxford, 1966) or were purchased from Aldrich 
Chemical Co., Sureseal. All solutions were dried over sodium 
sulfate and evaporated on a Btichi rotary evaporator at 
reduced pressure. Thin layer chromatography and preparative 
chromatography were performed on silica gel, with use of 
plates (Merck Art. No. 5719) and columns (Merck Art. No. 
7734). log D's were determined using 1-octanol and pH 7.4 
buffer by the shake flask method. Microanalyses were per­
formed by Butterworth Laboratories Ltd., Middlesex, U.K., and 
are within ±0.4 unless otherwise noted. Melting points are 
uncorrected. 

General Procedure for the Preparation of l-(Tri-
azolylmethyl)- and l-(Imidazolylmethyl)-4-nitroben-
zenes 7a -c . l-(l,2,4-Triazol-l-yLmethyl)-4-nitrobenzene 
(7a). 4-Nitrobenzyl bromide (21.6 g, 0.1 mol) was added to a 
rapidly stirred suspension of 1,2,4-triazole sodium salt (9.1 g, 
0.1 mol) in anhydrous DMF (100 mL) and the mixture stirred 
at 25 °C for 16 h. Ethyl acetate (400 mL) and water (250 mL) 
were added to the reaction mixture and the layers separated. 
The organic phase was washed with water (3x), dried, and 
evaporated. The crude product was chromatographed on silica 
gel, eluting with ethyl acetate, to give 7a (10.6 g, 52%): mp 
101-102 °C; lH NMR (CDC13) d 5.47 (2H, s, CH2), 7.40 (2H, 
d, J = 9.0 Hz, Ar-H), 8.02 and 8.18 (each 1H, each s, triazole-
H), 8.23 (2H, d, J = 9.0 Hz, Ar-H). Anal. (C9H8N4O2) H, N; 
C: calcd, 52.9; found, 53.4. 

7b: 18%; mp 55-56 °C; *H NMR (CDC13) <3 5.26 (2H, s, CH2), 
6.92 (1H, s, imidazole-H), 7.16 (1H, s, imidazole-H), 7.28 (2H, 

d, J = 9.5 Hz, Ar-H), 7.62 (1H, s, imidazole-H), 8.22 (2H, d, J 
= 9.5 Hz, Ar-H). 

7c: 10.5%; XH NMR (CDCI3) 6 2.34 (3H, s, CH3), 5.16 (2H, 
s, CH2), 6.67 (1H, d, J = 1.3 Hz, imidazole-H), 7.03 (1H, d, J 
= 1.3 Hz, imidazole-H), 7.19 (2H, d, J = 9.5 Hz, Ar-H), 8.22 
(2H, d, J = 9.5 Hz, Ar-H). 

l-(l,2,3-Triazol-l-ylmethyl)-4-nitrobenzene (11a) and 
l-(l,2,3-Triazol-2-ylmethyl)-4-nitrobenzene ( l ib) . 4-Ni­
trobenzyl bromide (25.4 g, 0.12 mol) was added to a solution 
of lfM,2,3-triazole (8.12 g, 0.12 mol) and triethylamine (11.88 
g, 0.12 mol) in anhydrous acetonitrile (150 mL). The mixture 
was refluxed for 1 h and then cooled to room temperature and 
the precipitated triethylamine hydrobromide filtered off. The 
solvent was evaporated and the resultant crude product 
chromatographed on silica gel eluting with CH2Cl2/MeOH 
(100:0 - 95:5) to give 11a (13 g, 54%) and l i b (2.25 g, 9%). 
11a was isolated as the more polar isomer: mp 110-111 °C; 
m NMR (CDCI3) <5 5.72 (2H, s, CH2), 7.38 (2H, d, J = 9.0 Hz, 
Ar-H), 7.64 and 7.78 (each 1H, each s, triazole-H), 8.18 (2H, 
d, J = 9.0 Hz, Ar-H). Anal. (C9H8N402) C, H, N. 

l ib : mp 110-112 °C; *H NMR (CDCI3) <5 5.72 (2H, s, CH2), 
7.40 (2H, d, J = 9.0 Hz, Ar-H), 7.66 (2H, s, triazole-H), 8.18 
(2H, d, J = 9.0 Hz, Ar-H). Anal. (C9H8N402) C, H, N. 

l-(Tetrazol-l-ylmethyl)-4-nitrobenzene ( l ie) and l-(Tet-
razol-2-ylmethyl)-4-nitrobenzene ( l id) . The title com­
pounds were prepared from 4-nitrobenzyl bromide and 1H-
tetrazole using the procedure described for l la .b. The more 
polar, major product was identified as l i e (75%): mp 93 °C; 
m NMR (CDCI3) (5 5.73 (2H, s, CH2), 7.46 and 8.27 (each 2H, 
each d, J = 8.7 Hz, Ar-H), 8.64 (1H, s, tetrazole-H). Anal. 
(C8H7N5O2) C, H; N: calcd, 34.1; found, 34.6. 

l i d : 17%; mp 127-128 °C; lH NMR (CDC13) d 5.92 (2H, s, 
CH2), 7.53 and 8.25 (each 2H, each d, J = 8.7 Hz, Ar-H), 8.56 
(1H, s, tetrazole-H). Anal. (C8H7N502) C, H, N. 

General Procedure for the Preparation of 2V,iV-Di-
methyltryptamines lOa-c and 14a-d. JV,2V"-Dimethyl-2-
[5-(lA4-triazol-l-yhnethyl)-lH-indol-3-yl]ethylamineBen-
zoate (10a). A solution of 7a (10.0 g, 49.0 mmol) in EtOH 
(50 mL), ethyl acetate (50 mL), and 2 N HC1 (20 mL) was 
hydrogenated over 10% Pd-C (1.0 g) in a Parr shake ap­
paratus at 40 psi for 0.2 h. The catalyst was removed by 
filtration through Hyflo, the solvent evaporated, and the 
residue azeotroped with EtOH (3x) to give 8a (10.6 g, 100%) 
which was characterized as the free base: mp 126-128 °C; 
lH NMR (CD3OD) <5 5.23 (2H, s, CH2), 6.68 and 7.08 (each 2H, 
each d, J = 9.0 Hz, Ar-H), 7.95 and 8.39 (each 1H, each s, 
triazole-H). Anal. (C9H10N4) C, H, N. 

A solution of NaN02 (3.28 g, 48.0 mmol) in H20 (20 mL) 
was added to a cooled (-10 °C) solution of 8a (10.0 g, 48.0 
mmol) in concentrated HC1 (40 mL), at a such a rate that the 
temperature did not exceed 0 °C. The mixture was stirred at 
0 °C for 0.1 h and then added portionwise to a cooled (-10 °C) 
and rapidly stirred solution of SnCl2-2H20 (40.0 g, 0.18 mol) 
in concentrated HC1 (40 mL), at such a rate that the temper­
ature did not exceed - 5 °C. The solution was warmed to room 
temperature, basified with 20% aqueous NaOH solution, and 
extracted with ethyl acetate (3x). The combined extracts were 
dried and evaporated to give 9a (5.0 g, 56%): mp 109-112 
°C; lH NMR (DMSO-d6) <5 3.93 (2H, br s, NH2), 5.20 (2H, s, 
CH2), 6.73 and 7.08 (each 2H, each d, J = 8.0 Hz, Ar-H), 7.92 
and 8.57 (each 1H, each s, triazole-H). 

To a solution of 9a (5.0 g, 26.4 mmol) in EtOH/H20 (5:1, 
180 mL) and 5 N HC1 (4.5 mL) was added 4-chlorobutanal 
dimethyl acetal26 (3.22 g, 21.1 mmol), and the solution was 
refluxed for 4 h. The solvents were evaporated and the residue 
chromatographed on silica gel, eluting with CH2Cl2/EtOH/NH3 
(30:8:1), to give 2-[5-(l,2,4-triazol-l-ylmethyl)-ltf-indol-3-yl]-
ethylamine (2.4 g, 38%). A solution of formaldehyde (0.30 g 
of a 37%, w/v, solution, 3.7 mmol) in MeOH (10 mL) was added 
to a stirred mixture of 2-[5-(l,2,4-triazol-l-ylmethyl)-LH'-indol-
3-yl]ethylamine (0.36 g, 1.5 mmol), NaCNBH3 (0.225 g, 3.6 
mmol), and glacial acetic acid (0.45 g, 7.5 mmol), in MeOH 
(10 mL), at 0 °C. The solution was warmed to 25 °C and 
stirred for 2 h before adding saturated K2CO3 solution (5 mL). 
The MeOH was removed under vacuum, H 20 (10 mL) was 
added, and the mixture was extracted with ethyl acetate (3x). 
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The combined extracts were washed with brine (1 x) and dried 
and the solvent evaporated. The crude product was chromato-
graphed on silica gel eluting with CH2Cl2/EtOH/NH3 (40:8:1) 
to give 10a (0.21 g, 52%). The benzoate salt was prepared. 
10a: mp 178-180 °C; MS mlz 269 (M+); *H NMR (D20) 6 2.91 
(6H, s, N(CH3)2), 3.19 and 3.43 (each 2H, each t, J = 7.0 Hz, 
1-CH2 and 2-CH2), 5.49 (2H, s, CH2), 7.20 (1H, dd, J = 1.6 
and 8.4 Hz, 6'-CH), 7.34 (1H, s, 2'-CH), 7.52 (1H, d, J = 8.4 
Hz, 7'-CH), 7.43-7.53 (3H, m, benzoic acid-H), 7.62 (1H, d, J 
= 1.6 Hz, 4'-CH), 7.87-7.90 (2H, m, benzoic acid-H), 8.05 (1H, 
s, triazole-H), 8.52 (1H, s, triazole-H). Anal. (CisHigNs-CsHs-
COOH) C, H, N. 

The following A/yV-dimethyltryptamines were prepared us­
ing the general procedure. 

2V,iV-Dimethyl-2-[5-(imidazol-l-ylmethyl)-l/f-indol-3-
yl]ethylamine dioxalate (10b): mp 165-166 °C (MeOH/ 
Et20); m NMR (D20) d 2.92 (6H, s, N(CH3)2), 3.24 and 3.48 
(each 2H, each t, J = 7.7 Hz, 1-CH2 and 2-CH2), 5.50 (2H, s, 
CH2), 7.27 (1H, dd, J = 1.5 and 8.4 Hz, 6'-CH), 7.37 (1H, s, 
2'-CH), 7.45 and 7.49 (each 1H, each s, imidazole-H), 7.56 (1H, 
d, J = 8.4 Hz, 7'-CH), 7.75 (1H, s, 4'-CH), 8.78 (1H, s, 
imidazole-H). Anal. (Ci6H2oN4-2.05(COOH)2) C, H, N. 

iV,2V-Dimethyl-2- [5- [(2-methylimidazol-1 -yDmethyl] -
lff-indol-3-yl]ethylamine trioxalate (10c): mp 160-163 °C 
(MeOH/Et20); MS mlz 282 (M+); XH NMR (D2O) 6 2.65 (3H, s, 
CH3), 2.92 (6H, s, N(CH3)2), 3.25 and 3.50 (each 2H, each t, J 
= 7.3 Hz, I-CH2 and 2-CH2), 5.42 (2H, s, CH2), 7.18 (1H, d, J 
= 8.4 Hz, 6'-CH), 7.31-7.40 (3H, m, imidazole-H and 2'-CH), 
7.56 (1H, d, J = 8.4 Hz, 7'-CH), 7.66 (1H, s, 4'-CH). Anal. 
(Ci7H22N4-2.8(COOH)2) C, H, N. 

AT^V-Dimethyl-2-[5-(l,2,3-triazol-l-ylmethyl)-lff-indol-
3-yl]ethylamine hydrogen oxalate (14a): mp 210-212 °C; 
: H NMR (D20) d 2.90 (6H, s, N(CH3)2), 3.22 and 3.46 (each 
2H, each t, J = 7.4 Hz, 1-CH2 and 2-CH2), 5.72 (2H, s, CH2), 
7.24 (1H, dd, J = 1.6 and 8.4 Hz, 6'-CH), 7.36 (1H, s, 2'-CH), 
7.52 (1H, d, J = 8.4 Hz, 7'-CH), 7.66 and 7.79 (each 1H, each 
s, triazole-H), 8.00 (1H, d, J = 1.6 Hz, 4'-CH). Anal. 
(Ci6Hi9N5-l.l(COOH)2-0.15H2O) C, H, N. 

A^-Dimethyl-2-[5-U,2,3-triazol-2-ylmethyl)-lJf-indol-
3-yl]ethylamine hydrogen oxalate (14b): mp 204-205 °C; 
m NMR (D20) <5 2.90 (6H, s, N(CH3)2), 3.21 and 3.46 (each 
2H, each t, J = 7.4 Hz, 1-CH2 and 2-CH2), 5.74 (2H, s, GH2), 
7.22 (1H, dd, J = 1.6 and 8.4 Hz, 6'-CH), 7.34 (1H, s, 2'-CH), 
7.50 (1H, d, J = 8.4 Hz, 7'-CH), 7.64 (1H, s, 4'-CH), 7.78 (2H, 
s, triazole-H). Anal. (Ci6Hi9N6(COOH)2-0.25H2O) C, H, N. 

AyV-Dimethyl-2-[5-(tetrazol-l-yhnethyl)-lH-indol-3-yl]-
ethylamine succinate (14c): mp 55-56 °C (hygroscopic); JH 
NMR (D20) d 2.93 (6H, s, N(CH3)2), 3.23 and 3.48 (each 2H, 
each t, J = 7.5 Hz, 1-CH2 and 2-CH2), 5.81 (2H, s, CH2), 7.28 
(1H, dd, J = 1.7 and 8.4 Hz, 6'-CH), 7.39 (1H, s, 2'-CH), 7.56 
(1H, d, J = 8.4 Hz, 7'-CH), 7.75 (1H, s, 4'-CH), 9.20 (1H, s, 
tetrazole-H). Anal. (Ci4Hi8N6-0.75(CH2COOH)2) C, H, N. 

AyV-Dimethyl-2-[5-(tetrazol-2-ylmethyl)-lff-indol-3-yl]-
ethylamine hydrogen oxalate (14d): mp 198-199 °C 
(EtOH/Et20); *H NMR (D20) d 2.91 (6H, s, N(CH3)2), 3.23 and 
3.48 (each 2H, each t, J = 7.4 Hz, 1-CH2 and 2-CH2), 6.01 (2H, 
s, CH2), 7.30 (1H, dd, J = 1.6 and 8.4 Hz, 6'-CH), 7.37 (1H, s, 
2'-CH), 7.53 (1H, d, J = 8.4 Hz, 7'-CH), 7.76 (1H, s, 4'-CH), 
8.74 (1H, s, tetrazole-H). Anal. (Ci4H18N6-(COOH)2-0.2C2H5-
OH) C, H, N. 

Alternative Procedure for the Preparation of 10a. To 
a solution of the hydrochloride salt of 9a (5.0 g, 22.2 mmol) in 
4% H2SO4 (190 mL) was added 4-(N,AT-dimethylamino)butanal 
dimethyl acetal28 (5.35 g, 33.2 mmol), and the solution was 
refluxed for 2 h. The mixture was cooled to room temperature, 
ethyl acetate (400 mL) was added, and the aqueous was 
basified with 5 N NaOH solution. The aqueous was separated 
and extracted with ethyl acetate (2x), and the combined 
extracts were dried and evaporated. The crude product was 
chromatographed on silica gel eluting with CH2Cl2/EtOH/NH3 
(40:8:1) to give 10a (2.2 g, 37%). 

l-(l,2,4-Triazol-l-yl)-4-nitrobenzene (15a). l-Fluoro-4-
nitrobenzene (25.0 g, 0.18 mol) was added to a rapidly stirred 
suspension of 1,2,4-triazole sodium salt (17.7 g, 0.19 mol) in 
anhydrous DMF (150 mL) and the mixture stirred at room 
temperature for 16 h. Ethyl acetate (500 mL) and water (300 

mL) were added to the reaction mixture which was then stirred 
for 0.1 h and the layers separated. The organic phase was 
washed with water (3 x) and dried and the solvent evaporated 
to give 15a (24.8 g, 74%): mp 197-198 °C; MS mlz 190 (M+); 
XH NMR (CDC13) 6 7.92 (2H, d, J = 9.1 Hz, Ar-H), 8.17 (1H, s, 
triazole-H), 8.40 (2H, d, J = 9.1 Hz, Ar-H), 8.48 (1H, s, triazole-
H). Anal. (C8H6N402) H, N; C: calcd, 50.5; found, 51.2. 

l-(2-Methylimidazol-l-yl)-4-nitrobenzene (15b). So­
dium hydride (60% dispersion in oil, 4.87 g, 0.122 mol) was 
added to a solution of 2-methylimidazole (10.0 g, 0.122 mol) 
in DMF (100 mL) and the mixture stirred for 0.1 h. 1-Fluoro-
4-nitrobenzene (17.18 g, 0.122 mol) was added and the mixture 
stirred at room temperature for 16 h. Water (150 mL) and 
ethyl acetate (250 mL) were added to the mixture, which was 
stirred for 0.1 h, and the layers separated. The aqueous phase 
was extracted with ethyl acetate (3x), and the combined 
extracts were washed with H20 (3x), dried, and evaporated 
to give 15b (11.5 g, 47%): mp 139-140 °C; XH NMR (CDCI3) <5 
2.24 (3H, s, CH3), 7.06 and 7.10 (each 1H, each d, J = 1.5 Hz, 
imidazole-H), 7.50 and 8.38 (each 2H, each d, J = 9.5 Hz, Ar-
H). Anal. (C10H9N3O2) C, H, N. 

AyV-Dimethyl-2-t5-(l,2,4-triazol-l-yl)-lH-indol-3-yl]eth-
ylamine Dioxalate (18a). The title compound was prepared 
from 15a using the general procedure described for 10a: mp 
210 °C (MeOH/Et20); XH NMR (D20) 6 2.92 (6H, s, N(CH3)2), 
3.25 and 3.50 (each 2H, each t, J = 7.4 Hz, 1-CH2 and 2-CH2), 
7.44 (1H, s, 2'-CH), 7.47 (1H, dd, J = 2.0 and 8.7 Hz, 6'-CH), 
7.63 (1H, d, J = 8.7 Hz, 7'-CH), 7.88 (1H, d, J = 2.0 Hz, 4'-
CH), 8.36 and 9.05 (each 1H, each s, triazole-H). Anal. 
(Ci4Hi7N5-1.9(COOH)2) C, H, N. 

JV^V-Dimethyl-2-[5-(2-methylimidazol-l-yl)-lff-indol-3-
yl]ethylamine Sesquioxalate (18b). The title compound 
was prepared from 15b using the general procedures: mp 
185-186 °C; JH NMR (D20) 6 2.55 (3H, s, CH3), 2.93 (6H, s, 
N(CH3)2), 3.26 and 3.51 (each 2H, each t, J = 7.4 Hz, 1-CH2 
and 2-CH2), 7.30 (1H, dd, J = 2.0 and 8.7 Hz, 6'-CH), 7.48 
(1H, d, J = 2.1 Hz, imidazole-H), 7.51-7.53 (2H, m, imida­
zole-H and 2'-CH), 7.70 (1H, d, J = 8.7 Hz, 7'-CH), 7.79 (1H, 
d , J = 2.0Hz,4'-CH). Anal. (C16H20N4-1.55(COOH)2-0.1EtOH) 
C, H, N. 

A/^V-Dimethyl-2-[5-[(l-methyl-l,2,4-triazol-3-yl)methyl]-
lH-indol-3-yl]ethylamine Trihydrochloride (21a) and 
iVyV-Dimethyl-2-[5-[(l-methyl-l,2,4-triazol-5-yl)methyl]-
l//-indol-3-yl]ethylamine Dioxalate (21b). A solution of 
A^AT-dimethyl-2-[5-(cyanomethyl)-l.ff-indol-3-yl]ethylamine21 

(19) (5.0 g, 22.0 mmol) in EtOH (50 mL) was saturated with 
HC1 (gas) and stirred at room temperature for 16 h. The 
solvent was evaporated under reduced pressure to give 20 (6.0 
g, 92%): m NMR (DMSO-d6) <5 1.29 (3H, t, J = 7.0 Hz, CH3), 
2.83 (6H, s, N(CH3)2), 3.13 and 3.31 (each 2H, each t, J = 7.5 
Hz, 1-CH2 and 2-CH2), 4.04 (2H, s, CH2), 4.42 (2H, q, J = 7.0 
Hz, C#2CH3), 7.08 (1H, dd, J = 1.5 and 8.4 Hz, 6'-CH), 7.27 
(1H, s, 2'-CH), 7.37 (1H, d, J = 8.4 Hz, 7'-CH), 7.48 (1H, br s, 
NH), 7.71 (1H, s, 4'-CH). 

A mixture of 20 (3.0 g, 10.15 mmol), methylhydrazine (0.69 
g, 15.0 mmol), and triethylamine (2.6 g, 25.4 mmol) in EtOH 
(30 mL) was stirred at room temperature for 3 h. The solvent 
was evaporated and the product dissolved in formic acid (98%, 
3.3 mL). The solution was stirred at room temperature for 
0.5 h and then at reflux for 2 h. After cooling to room 
temperature, the mixture was poured into K2CO3 solution (75 
mL) and extracted with ethyl acetate (4x). The combined 
extracts were dried, the solvent was evaporated, and the crude 
product was chromatographed on silica gel eluting with CH2-
Clu/EtOH/NHs (40:8:1) to give two products. The less polar 
isomer was identified as 21b (0.36 g, 12.5%) and the dioxalate 
salt was prepared. 21b: mp 135-137 °C; *H NMR (D20) d 
2.91 (6H, s, N(CH3)2), 3.23 and 3.48 (each 2H, each t,J= 7.3 
Hz, I-CH2 and 2-CH2), 3.95 (3H, s, CH3), 4.48 (2H, s, CH2), 
7.13 (1H, dd, J = 1.5 and 8.4 Hz, 6'-CH), 7.37 (1H, s, 2'-CH), 
7.53 (1H, d, J = 8.4 Hz, 7'-CH), 7.57 (1H, s, 4'-CH), 8.32 (1H, 
s, triazole-H). Anal. (Ci6H2iN6-2.25(COOH)2) C, H; N: calcd, 
14.4; found, 13.9. 

The more polar product was identified as 21a (0.18 g, 6.3%). 
Treatment of 21a with ethereal HC1 gave the trihydrochloride 
salt: mp <40 °C (hygroscopic); *H NMR (D20) 6 2.91 (6H, s, 
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N(CH3)2), 3.23 and 3.49 (each 2H, each t, J = 7.4 Hz, 1-CH2 
and 2-CH2), 3.95 (3H, s, CH3), 4.27 (2H, s, CH2), 7.17 (IH, dd, 
J = 1.5 and 8.5 Hz, 6'-CH), 7.34 (IH, s, 2'-CH), 7.50 (IH, d, J 
= 8.5 Hz, 7'-CH), 7.60 (IH, s, 4'-CH), 8.88 (IH, s, triazole-H). 
Anal. (Ci6H2iN5-3HCl-0.35Et2O) C, H, N. 

l-[(4-Methyl-l,2,4-triazol-3-yl)methyl]-4-nitroben-
zene (24). A mixture of 22 (10.0 g, 43.0 mmol) and formyl-
hydrazine (2.6 g, 43.0 mmol) in anhydrous MeOH (175 mL) 
was stirred at room temperature for 3 days. The solvent was 
removed under vacuum, the residue triturated with ether, and 
the precipitate filtered off. The filtrate was concentrated under 
reduced pressure and the resultant crude product chromato-
graphed on silica gel eluting with CH2Cl2/MeOH (9:1) to give 
23 (2.25 g, 22%). Methylamine (gas) was bubbled through a 
solution of 23 (1.25 g, 5.3 mmol) in anhydrous MeOH (30 mL), 
for 0.25 h, and the mixture then stirred for 72 h at room 
temperature. The solvent was evaporated under reduced 
pressure and the residue chromatographed on silica gel eluting 
with CH2Cl2/MeOH (9:1) to give 24 (1.0 g, 87%) as a white 
crystalline solid: mp 168-170 °C; MS m/z 218 (M+); *H NMR 
(CDCI3) 6 3.51 (3H, s, CH3), 4.31 (2H, s, CH2), 7.42 (2H, d, J 
= 8.7 Hz, Ar-H), 8.11 (IH, s, triazole-H), 8.20 (2H, d, J = 8.7 
Hz, Ar-H). Anal. (C10H10N4O2) C, H, N. 

Ar^V-Dimethyl-2-[5-[(4-methyl-l,2,4-triazol-3-yl)methyl]-
lff-indol-3-yl] ethylamine Hydrogen Oxalate Hemihy-
drate (26). The title compound was prepared from 24 using 
the procedures described for 10a. The hydrogen oxalate 
hemihydrate salt was prepared. 26: mp <40 °C (hygroscopic); 
MS m/z 283 (M+); JH NMR (D20) 6 2.89 (6H, s, N(CH3)2), 3.20 
and 3.45 (each 2H, each t, J = 7.4 Hz, 1-CH2 and 2-CH2), 3.64 
(3H, s, CH3), 4.37 (2H, s, CH2), 7.12 (IH, dd, J = 1.5 and 8.4 
Hz, 6'-CH), 7.34 (IH, s, 2'-CH), 7.50 (IH, d, J = 8.4 Hz, 7'-
CH), 7.52 (IH, s, 4'-CH), 8.55 (IH, s, triazole-H). Anal. 
(Ci6H2iN5-1.2(COOH)2-0.5H2O) C, H, N. 

A^-Dimethyl-2-[5-(tetrazol-5-ylmethyl)-lff-indol-3-yl]-
ethylamine Hydrochloride (28). A solution of the hydro­
chloride salt of 19 (0.58 g, 2.2 mmol), sodium azide (0.43 g, 
6.6 mmol) and triethylamine hydrochloride (0.45 g, 3.3 mmol), 
in iV-methylpyrrolidin-2-one (10 mL) was heated at 160 CC for 
8 h; 5 N HC1 (2 mL) was added, and the solvents were removed 
by distillation under high vacuum. Inorganic salts were 
removed by addition of MeOH (20 mL) and ether (30 mL). The 
filtrate was concentrated and the crude product chromato­
graphed on silica gel eluting with EtOH/Et20/H20/NH3 (20: 
40:8:1) to give 28 (0.45 g, 76%). The hydrochloride salt was 
prepared. 28: mp 223-225 °C (MeOH/Et20); *H NMR (D20) 
6 2.90 (6H, s, N(CH3)2), 3.20 and 3.45 (each 2H, each t, J = 
7.4 Hz, I-CH2 and 2-CH2), 4.43 (2H, s, CH2), 7.18 (IH, dd, J = 
1.5 and 8.4 Hz, 6'-CH), 7.33 (IH, s, 2'-CH), 7.49 (IH, d, J = 
8.4 Hz, 7'-CH), 7.56 (IH, s, 4'-CH). Anal. (CuHi8N6-HCl-
O.IH2O) C, H, N. 

2V-(terf-Butyloxycarbonyl)-2-[5-(tetrazol-5-ylmethyl)-
lH-indol-3-ylletb.ylamine (30). A solution of 2-[5-(cyano-
methyl)-lff-indol-3-yl]ethylamine hydrochloride (27) (2.5 g, 
10.6 mmol), triethylamine hydrochloride (2.2 g, 16.0 mmol), 
and sodium azide (2.1 g, 32.3 mmol) in 2V-methylpyrrolidin-
2-one (30 mL) was heated at 140 °C for 8 h; 5 N HC1 (3 mL) 
was added, and the solvents were removed by distillation 
under vacuum. The residue was chromatographed on silica 
gel eluting with EtOH/Et20/H20/NH3 (20:30:8:1) to give 29 
(1.76 g, 69%). Triethylamine (1.5 g, 14.9 mmol) and di-tert-
butyl dicarbonate (1.9 g, 7.3 mmol) were added to a stirred 
suspension of 29 (1.76 g, 7.27 mmol) in CH2C12 (40 mL), and 
the mixture was stirred for 16 h at room temperature. The 
solvent was removed under vacuum and the crude product 
chromatographed on silica gel eluting with EtOH/Et20/H20/ 
NH3 (20:60:8:1) to give 30 (1.6 g, 64%): mp 95-98 °C; 2H NMR 
(CD3OD) 6 1.41 (9H, s, (CH3)3), 2.87 and 3.30 (each 2H, each 
t, J = 7.4 Hz, I-CH2 and 2-CH2), 4.32 (2H, s, CH2), 6.99 (IH, 
d, J = 8.3 Hz, 6'-CH), 7.04 (IH, s, 2'-CH), 7.26 (IH, d, J = 8.3 
Hz, 7'-CH), 7.49 (IH, s, 4'-CH). Anal. (C17H22N6O2-0.8H2O) 
C, H, N. 

iV-(fertf-Butyloxycarbonyl)-2-[5-[(l-methyltetrazol-5-
yl)methylM.ff-indol-3-yl]ethylamine (31a) and N-(tert-
Butyloxycarbonyl)-2-[5-[(2-methyltetrazol-5-yl)methyl]-
lff-indol-3-yl]ethylamine (31b). Methyl iodide (2.49 g, 17.5 

mmol) was added to a stirred solution of 30 (1.0 g, 2.93 mmol) 
and triethylamine (0.59 g, 5.85 mmol), in acetonitrile (50 mL), 
and the mixture stirred at room temperature for 16 h. The 
solvent was evaporated under reduced pressure and the 
residue dissolved in CH2C12 (100 mL), washed with H2O (2x), 
dried, and evaporated. The crude product was chromato­
graphed on silica gel eluting with MeOH/CH2Cl2 (5:95) to give 
two separated products. The more polar major isomer was 
identified as the N-l methylation product 31a (0.20 g, 19%): 
mp 65 °C; ^ NMR (CDCI3) <51.43 (9H, s, (CH3)3), 2.90 (2H, t, 
J = 6.9 Hz, 2-CH2), 3.42 (2H, br s, 1-CH2), 3.83 (3H, s, CH3), 
4.40 (2H, s, CH2), 6.98 (IH, dd, J = 1.4 and 8.2 Hz, 6'-CH), 
7.05 (IH, s, 2'-CH), 7.31 (IH, d, J = 8.2 Hz, 7'-CH), 7.43 (IH, 
s, 4'-CH), 8.18 (IH, br s, NH). Anal. (Ci8H24N602) C, H, N. 

The less polar isomer was identified as the N-2 methylation 
product 31b (0.10 g 10%): mp 65 °C; W NMR (CDCI3) <5 1.43 
(9H, s, (CH3)3), 2.88 (2H, t, J = 6.8 Hz, 2-CH2), 3.38-3.46 (2H, 
m, I-CH2), 4.25 (3H, s, CH3), 4.32 (2H, s, CH2), 6.91 (IH, s, 
2'-CH), 7.13 (IH, dd, J = 1.6 and 8.3 Hz, 6'-CH), 7.26 (IH, d, 
J = 8.3 Hz, 7'-CH), 7.52 (IH, s, 4'-CH), 8.43 (IH, br s, NH). 
Anal. (C18H24N6O2-0.2H2O) C, H; N: calcd, 23.3; found, 22.6. 

iV-(ter*-Butyloxycarbonyl)-2-[5-[(l-ethyltetrazol-5-yl)-
methyl]-lif-indol-3-yl]ethylamine (33a) and N-itert-Bu-
tyloxycarbonyl)-2-[5-[(2-ethyltetrazol-5-yl)methyl]-lff-
indol-3-yl]ethylamine (33b). Ethyl iodide (7.64 mL, 95.5 
mmol) was added to a stirred solution of 30 (5.74 g, 16.8 mmol) 
and triethylamine (4.67 mL, 33.5 mmol), in acetonitrile (220 
mL), and the mixture stirred at room temperature for 16 h. 
The solvent was evaporated under reduced pressure, CH2CI2 
(150 mL) added, and the mixture washed with H2O (2 x). The 
crude product obtained was chromatographed on silica gel 
eluting with Et20/hexane (80:20) — Et20 (100%) — EtOAc 
(100%) to give two products. The more polar isomer was 
identified as the N-l alkylation product 33a (2.7 g, 43%): mp 
52-54 °C; XH NMR (CDC13) d 1.31 (3H, t, J = 7.3 Hz, CH3Ctf2), 
1.43 (9H, s, (CH3)3), 2.90 (2H, t, J = 7.0 Hz, 2-CH2), 3.41 (2H, 
br s, I-CH2), 4.17 (2H, q, J = 7.3 Hz, Cff2CH3), 4.39 (2H, s, 
CH2), 6.98 (IH, dd, J = 1.4 and 8.3 Hz, 6'-CH), 7.05 (IH, s, 
2'-CH), 7.30 (IH, d, J = 8.3 Hz, 7'-CH), 7.42 (IH, s, 4'-CH), 
8.18(lH,brs ,NH). Anal. (Ci9H26N602) H, N; C: calcd, 61.6; 
found, 62.2. 

The less polar isomer was identified as the N-2 alkylation 
product 33b (2.27 g, 37%): mp 108-110 °C; *H NMR (CDCI3) 
6 1.43 (9H, s, (CH3)3), 1.59 (3H, t, J = 7.3 Hz, C#3CH2), 2.92 
(2H, t, J = 6.8 Hz, 2-CH2), 3.38-3.48 (2H, m, 1-CH2), 4.33 (2H, 
s, CH2), 4.58 (2H, q, J = 6.8 Hz, Cff2CH3), 7.00 (IH, s, 2'-CH), 
7.18 (IH, dd, J = 1.4 and 8.3 Hz, 6'-CH), 7.29 (IH, d, J = 8.3 
Hz, 7'-CH), 7.54 (IH, s, 4'-CH), 8.04 (IH, br s, NH). Anal. 
(C19H26N802) C, H, N. 

General Procedure for the Preparation of Methyltet-
razoles 35a,b and Ethyltetrazoles 36a,b. AyV-Dimethyl-
2-[5-[(2-ethyltetrazol-5-yl)methyl]-lif-indol-3-yl]eth-
ylamine Hydrogen Oxalate (36b). Trifluoroacetic acid (1.5 
mL) was added dropwise to a stirred solution of 33b (0.164 g, 
0.44 mmol) in CH2CI2 (5 mL) at room temperature. The 
mixture was stirred for 0.75 h, and the solvents were then 
evaporated under reduced pressure. The residue was chro­
matographed on silica gel eluting with CH2Cl2/Et0H/NH3 (40: 
8:1) to give 34b (0.103 g, 86%). A solution of formaldehyde 
(0.081 g of a 38%, w/v, solution, 1.0 mmol) in MeOH (11 mL) 
was added to a stirred solution of 34b (0.097 g, 0.36 mmol), 
NaCNBH3 (0.05 g, 0.80 mmol), and glacial acetic acid (0.103 
mL, 1.8 mmol), in MeOH (11 mL) at 0 °C. The mixture was 
stirred at 0 °C for 2 h and then at room temperature for 1 h. 
Saturated K2C03 solution (5 mL) was added, the MeOH 
evaporated under reduced pressure, and the residue taken up 
into ethyl acetate (30 mL) and washed with brine (2x). The 
crude product was chromatographed on silica gel eluting with 
CH2CyEtOH/NH3 (40:8:1) to give 36b (0.075 g, 70%). The 
hydrogen oxalate salt was prepared. 36b: mp 140-142 °C 
(MeOH/Et20); XH NMR (D20) <5 1.54 (3H, t, J = 7.4 Hz, 
CH2C#3), 2.91 (6H, s, N(CH3)2), 3.21 and 3.47 (each 2H, each 
t, J = 7.4 Hz, I-CH2 and 2-CH2), 4.34 (2H, s, CH2), 4.64 (2H, 
q, J = 7.4 Hz, Cff2CH3), 7.17 (IH, dd, J = 1.5 and 8.4 Hz, 
6'-CH), 7.33 (IH, s, 2'-CH), 7.48 (IH, d, J = 8.4 Hz, 7'-CH), 
7.59 (IH, s, 4'-CH). Anal. (Cie^NeKCOOH^) C, H, N. 
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The following tetrazoles were prepared us ing the general 
procedure described for 36b. 

iV^-Dimethyl-2-[5-[( l -methyltetrazol-5-yl)methyl]-Lff-
indo l -3 -y l ] e thy lamine h y d r o g e n o x a l a t e (35a): m p 1 7 6 -
177 °C (MeOH/Et 20); W NMR (D 20) d 2.91 (6H, s, N(CH3)2), 
3.21 and 3.40 (each 2H, each t,J= 7.4 Hz, 1-CH2 and 2-CH2), 
4.00 (3H, s, CH3), 4.43 (2H, s, CH2), 7.13 ( IH , dd, J = 1.5 and 
8.4 Hz, 6'-CH), 7.35 ( IH , s, 2'-CH), 7.50 ( IH , d, J = 8.4 Hz, 
7'-CH), 7.54 ( IH , s, 4'-CH). Anal. (Ci6H2oN6-(COOH)2) C, H, 
N. 

iV^V-Dimethyl-2-[5-[(2-methyltetrazol-5-yl)methyl]-Lff-
indo l -3 -y l ] e thy lamine h y d r o g e n o x a l a t e (35b): m p 185— 
186 °C (MeOH/Et 2 0); XH NMR (D 20) d 2.91 (6H, s, N(CH3)2), 
3.21 and 3.47 (each 2H, each t, J = 7.4 Hz, 1-CH2 and 2-CH2), 
4.30 (3H, s, CH3), 4.34 (2H, s, CH2), 7.17 ( IH , dd, J = 1.5 and 
8.4 Hz, 6'-CH), 7.33 ( IH, s, 2'-CH), 7.48 ( IH, d, J = 8.4 Hz, 
7'-CH), 7.59 ( IH , s, 4'-CH). Anal. (Ci6H2oN6-(COOH)2) C, H, 
N. 

AT,2V-Dimethyl-2-[5-[(l-ethyltetrazol-5-yl)methyl]-l .ff-
indo l -3 -y l ] e thy lamine h y d r o g e n o x a l a t e (36a): m p 1 7 5 -
178 °C (MeOH/Et 2 0) ; J H NMR (D 2 0) 6 1.32 (3H, t, J = 7.4 
Hz, CH2Cif3), 2.90 (6H, s, N(CH3)2), 3.21 and 3.46 (each 2H, 
each t, J = 7.4 Hz, 1-CH2 and 2-CH2), 4.38 (2H, q, J = 7.4 Hz, 
CH2CH3) , 4.47 (2H, s, CH2), 7.14 ( IH , dd, J = 1.5 and 8.4 Hz, 
6'-CH), 7.35 ( IH , s, 2'-CH), 7.50 ( IH , d, J = 8.4 Hz, 7'-CH), 
7.53 ( IH, s, 4'-CH). Anal. (Ci6H22N6-1.05(COOH)2) C, H, N. 

B i o c h e m i c a l M e t h o d s . Biochemical methods for both the 
binding and functional exper iments have previously been 
described.21 

P h a r m a c o k i n e t i c M e t h o d s . For each compound studied, 
each one of a number of ra t s ( 3 6 - 7 2 r a t s having been deprived 
of food overnight and typically weighing between 175 and 250 
g) was allocated to one of a range of blood sampling t ime 
points, the la tes t point being between 4 and 8 h after drug 
adminis t ra t ion . Six r a t s were allocated to each t ime point, of 
which three were dosed in t ravenously (iv) and three were 
dosed orally. The dose was always 3 mg of free base (or free 
base equivalent)/kg of body weight. Each ra t was anesthetized 
wi th isoflurane a t i ts preselected blood sampling t ime point, 
and a large sample of blood (>5 mL) was drawn into a l i thium 
hepar in blood tube by cardiac puncture . P la sma was sepa­
ra ted from the blood by centrifugation and stored a t —20 °C 
unt i l analysis . Ext rac ts of p lasma were prepared ei ther by 
l iqu id- l iqu id or solid phase extraction and analyzed by 
reversed phase HPLC employing UV or fluorescence detection. 
The average p lasma concentration value a t each dose route/ 
sampl ing t ime combination was calculated from the three 
individual da t a points, and pharmacokinet ic pa ramete r s were 
calculated from the mean data by s tandard model-independent 
methods . 

A c k n o w l e d g m e n t . W e t h a n k D r . R i c h a r d H e r b e r t 
for N O E e x p e r i m e n t s , o u r c o l l e a g u e s i n t h e a n a l y t i c a l 
g r o u p for log D d e t e r m i n a t i o n s , a n d M r s . E . B r a w n for 
t y p i n g t h e m a n u s c r i p t . 

S u p p l e m e n t a r y Mater ia l Avai lable : Table of microana-
lytical da ta for novel compounds (2 pages). Ordering informa­
tion is given on any cur rent mas thead page. 
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