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Communications to the Editor 

Hydroxy lated 
2,3,4,9-Tetrahydro-l.ff-carbazol-3-amines. A New 
Class of Experimental Cardiotonic Drugs 

Sir: 

We wish to report a new class of experimental cardioton­
ic drugs which has undergone extensive evaluation in our 
laboratories and which we believe holds considerable prom­
ise for eventual therapeutic application. The new drug 
structures (Table I) are tryptamine derivatives in which 
the aminoethyl side chain has been incorporated into a 
third ring to form a 3-aminotetrahydrocarbazole. An im­
portant structural feature is the presence of one hydroxyl 
group suitably located on the benzene ring. The parent 
structure 1, which lacks a hydroxyl group, has been evalu­
ated in man as an antidepressant drug.1 The results of the 
trial suggested that this substance possesses antidepressant 
properties. 

The evaluation of the cardiotonic properties of the te-
trahydrocarbazoles was undertaken since it could be ar­
gued that their structures bear some resemblance to the 
structure of dopamine. Dopamine is an experimental car­
diotonic drug with the disadvantages that it must be given 
intravenously and that it has a short duration of action.2 

Unlike dopamine, the tetrahydrocarbazoles do not possess 
the structural features required for transformation by 
monamine oxidase or catechol O-methyltransferase, the 
metabolizing enzymes which play a role in limiting the du­
ration of action of dopamine.3 We were also encouraged by 
the fact that 1 displays antidepressant activity, an effect 
which could be interpreted to result from an impact on 
central adrenergic function.4 The increased polar character 
resulting from hydroxylation of 1 might be expected to 
yield compounds with a prominent peripheral adrenergic 
effect of an agonistic nature. 

The carbazoles were prepared by the Fischer indole syn­
thesis procedure. Condensation of 4-dimethylaminocyclo-
hexanone hydrochloride" with phenylhydrazine hydrochlo­

ride in hot EtOH yielded 2,3,4,9-tetrahydro-Ar,Ar-dimethyl-
l//-carbazol-3-amine hydrochloride (1), mp 253-2550.6 

Substitution of 4-benzyloxyphenylhydrazine and 3-benzyl-
oxyphenylhydrazine for phenylhydrazine in the Fischer 
cyclization yielded the hydrochlorides of the corresponding 
6-benzyloxy derivative, mp 209-212°, and the 7-benzyloxy 
derivative, mp 237-239°. Hydrogenolysis of the ethers in 
the presence of Pd/C in EtOH afforded 3-(dimethylamino)-
2,3,4,9-tetrahydro-lftT-carbazol-6-ol (2), mp 202-204°, and 
the hydrochloride of 3-(dimethylamino)-2,3,4,9-tetrahydro-
lH-carbazol-7-ol (3), mp 286-288°. 

The results of screening the compounds for their effect 
on cardiac force and heart rate in the anesthetized dog are 
presented in Table I. None of the compounds had a signifi­
cant effect on heart rate at the indicated doses. The parent 
structure 1 had no significant effect on cardiac force. The 
6-hydroxy derivative 2, however, was active when given by 
the intravenous route but was weakly active after adminis­
tration by the intraduodenal route. The 7-hydroxy deriva­
tive 3 was active by both routes of administration. Al­
though 3 was less active than dopamine on a mg/kg basis 
when administered by the intravenous route, it had a con­
siderably longer duration of action. This compound did not 
have an appreciable effect on blood pressure at doses which 
resulted in a large increase in cardiac force and was chosen 
for further evaluation. 

In the anesthetized dog, continuous infusion of 3 at 300 
Mg/lcg/min ; v caused a 36% increase in cardiac output and a 
similar increase in coronary blood flow at the time of the 
peak inotropic effect. Total peripheral resistance was re­
duced by approximately 18%. The positive inotropic effect 
of 3 was blocked by propanolol. Pretreatment with atropine 
did not unmask a chronotropic response. In unanesthetized 
dogs with chronically implanted strain gauges, 30 and 60 
mg/kg of 3 given orally caused respectively a 36 and 96% in­
crease in cardiac contractile force with little change in 
heart rate and blood pressure. The duration of cardiotonic 
action was more than 8 hr. In vitro, there was a strong posi­
tive effect on the isolated cat atria and papillary muscle 

Table I. Cardiovascular Effects of the Aminotetrahydrocarbazoles in the Anesthetized Dog 

R". ^ . ^ ,NT<CH;> 

Compd R' 

R' 

R' DoseVroute6 

OH 

OH 

Dopamine 

.30/id 
10,/iv 
20/iv 
30/id 
3/iv 
10/iv 
30/id 
3/iv 
0.3 (min)/iv" 
0.02/iv 
0.01 (min)/ive 

A* 

2 
3 
3 
3 
4 
4 
3 
6 
8 
4 

12 

Cardiac 
force1* 

t-23 
^ 2 6 
- 2 6 
+ 34 
+ 58 

+ 112 
+ 65 
-1-80 

+ 70 
+84 

+ 160 

Heart Duration of effect 
rate4 on cardiac force 

- 1 1 
- 1 5 
- 1 6 
- 1 2 

+ 8 
+29 
+ 20 
+ 10 
+ 15 
- 3 
+ 5 

13 min 
45 min 
>4 hr 
30 min 
30 min' 

2 min 
5 min' 

"Mg/kg. "iv, intravenously; id, intraduodenallv. 'Number of dogs. dPeak effect, average percent change from control: ±~~2b% is con­
sidered within control limits. eInfusion maintained at peak effect for 10 min. ̂ Duration in the continuous infusion experiments is the interval 
from the time the infusion is stopped to the time the effect on cardiac force has become insignificant (<25%). 
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Table II. In Vitro Effects of 3 on the Isolated Cat 
Atria and Papillary Muscle 

Dose, 
Mg/ml 

3 
10 
30 

100 

Right 
atrial 
rate" 

3 ± 2.56 

11 ± 1.2 
29 ± 5.7 
26 ± 8.0 

Right 
atrial 
force" 

3 ± 2.7 
19 ±4 .7 
33 ± 5.8 
58 ± 11.0 

Left atrial 
force" 

15 ±4 .1 
29 ±4.0 
64 ± 7.1 

115 ± 15.2 

Papillary 
muscle 
force" 

37 ± 5.9 
54 ± 7.3 
75 ± 10.2 
84 ± 22.7 

"Percent change from control. 6Mean ± standard error. 

force accompanied by a m o d e r a t e increase in r ight a t r ia l 
ra te (Table II) . P r e t r e a t m e n t wi th reserp ine caused a com­
plete abo l i shmen t of t h e in vi t ro inot ropic effect of 3 . In 
vivo, p r e t r e a t m e n t wi th reserp ine caused a significant loss 
of t he act ivi ty of small doses of 3 wi th no effect on larger 
doses. T h e s e exper iments and o thers suggest t h a t a por t ion 
of t he drug 's effect is med ia t ed by endogenous catechol-
amine(s) . T h e effect of d o p a m i n e on cardiac t issue has 
been character ized as m i x e d — b o t h di rec t and indirect . 2 An 
explana t ion for the absence of an effect on h e a r t ra te a t 

doses which cause a significant increase in cardiac force is 
no t appa ren t . Expe r imen t s designed t o fur ther e lucidate 
t he mechan i sm of act ion of t he d rug are cont inuing. 
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Book Reviews 

Bioactive Compounds from the Sea. Edited by Harold J. Humm 
and Charles E. Lane. (Volume 1 of a planned series of volumes 
entitled Marine Science.) Marcel Dekker, New York, N.Y. 1974. 
xiii + 251 pp. 22.8 X 15.2 cm. $18.75. 

This book is a collection of 13 papers presented at a symposium 
held in St. Petersburg, Fla., in Nov 1971 entitled "Physiologically 
Active Compounds from Marine Organisms". The format of most 
chapters follows that of journal papers: referenced introductory in­
formation, experimental results, and brief discussion of the data. 
The majority of the papers deal with biological and pharmacologi­
cal properties of extracts of marine organisms rather than with 
molecular structure investigations; few of the active materials dis­
cussed have been purified to the extent that detailed structural 
studies are possible. Individual chapters are devoted to investiga­
tions of the toxins or venoms from each of the following sources: an 
Australian jellyfish, a common Indo-Pacific sea urchin, a Carib­
bean sponge, dinoflagellates, a variety of echinoderms, nemato-
cysts from assorted coelenterates, and sea snakes from Southeast 
Asia and the Far East. A comparison of the pharmacological ac­
tions of the potent marine toxins tetrodotoxin and saxitoxin is the 
subject of one paper, and the fascinating and potentially economi­
cally important discovery of prostaglandins in a gorgonian is dis­
cussed in another. The remaining chapters are devoted to the cig-
uatoxin problem and speculations regarding its causes, an investi­
gation of some possible exogenous sources of puffer fish toxin, the 
use of seaweed extracts on terrestrial plants as growth stimulators 
and as an inhibitor of fruit decay, and an electron microscopy 
study which has yielded a detailed picture of the structure of the 
nematocysts from the well-known stinging jellyfish, the Portu­
guese man-of-war. 

All of the chapters are of comparable length except Chapter 3 
(sea urchin toxins) which constitutes one-fourth of the entire book 
and contains extensive data. Most of the other chapters also con­
tain considerable experimental detail and graphic presentations of 
data, and hence the book will appeal and be of benefit largely to 
specialists, primarily pharmacologists, physiologists, and biochem­
ists. 

The stated purpose of the planned Marine Science series of 
books of which this monograph is Volume 1 is to disseminate 

knowledge of the ocean and its shorelines "to all the public—lay­
man and scientists alike". Volume 1 is clearly directed to special­
ized scientists. In the reviewer's opinion, the title is somewhat mis­
leading, since few discrete compounds are discussed. A shorter 
lapsed time between symposium date and monograph publication 
would be desirable if other similar symposia compilations are 
planned in this series. 
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Francis J . Schmitz 

Principles of Medicinal Chemistry. Edited by William O. Foye 
and 37 other contributors. Lea and Febiger, Philadelphia, Pa. 
1974. xviii + 857 pp. $29.50. 

The main intent of this book is to provide a text for undergrad­
uate pharmacy students. It does, however, provide an excellent in­
troduction to the field of medicinal chemistry for graduate stu­
dents in other chemical and biological disciplines. An effort has 
been made to correlate information about drug action from such 
fields as biochemistry, pharmacology, organic chemistry, and 
quantum chemistry, to name a few. 

The volume consists of 37 chapters. The first six cover broad 
concepts of significance to medicinal chemistry: a historical back­
ground, physical-chemical properties and biological activity, mo­
lecular orbital theory in drug design, molecular structure and 
pharmacological action, drug metabolism, and receptor site theory. 
These six chapters alone (142 double-column pages) would serve as 
an excellent text for a one-semester graduate course in the subject, 
supplemented by selected readings from the remaining 31 chap­
ters. These cover the usual pharmacodynamic and chemotherapeu-
tic topics, plus some not usually treated separately in a text of this 
kind, on antifungal agents, pesticides, and respiratory tract drugs, 
all of great interest to practicing pharmacists. 

The general approach to the special topics includes a description 
of the biochemical and/or physiological systems affected, the ab­
sorption, metabolism, and excretion of the drug, methods of evalu­
ation, structure-activity relations, and synthetic methods. The 


