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TETRAHYDROISOOUINOLINYLCARBAMATES OF 1 ·, 2, 3 , 3A, 8 , 8A­

HEXAHYDRO-l, 3A, 8-TRIMETHYLPYRROLOf 2, 3-B J INDOLE 

This is a continuation-in-part applicaton of a prior 

patent application, Serial Number 247,826, filed 
September 22, 1988, which is a continuation-in-part of a 
prior application, Serial Number 049,894, filed March 15, 

1987, now U.S. patent 4,791,107, which is a continuation­
in-part of a prior application, Serial Number 885,991, 

filed July 16, 1986, now abandoned. 
The present invention relates to 

tetrahydroisoquinolinylcarbamates of l,2,3,3a,8,8a­
hexahydro-l,3a,8-trimethylpyrrolo[2,3-b]indole of formula· 

(I), 

x CH3 

N, /0 
c 3 

R II 2 
(I} 

0 
7 H 

where R is hydrogen or loweralkyl' and X is hydrogen, 
loweralkyl, halogen, loweralkoxy or hydroxy, which are use­
ful for alleviating memory dysfunctions characterized by a 
cholinergic deficit such as Alzheimer's disease. 

Unless otherwise stated or indicated, the following 

definitions shall apply throughout the speci~ication and 
the appended claims. 

The term loweralkyl shall mean a straight or branched 
alkyl group having from 1 to 6 carbon atoms. Examples of 

said lo~eralkyl include methyl, ethyl, n-propyl, iso-
' . 

propyl,/n-butyl, iso-butyl, sec-butyl, t-butyl and 

straight- and branched-chain pentyl and hexyl. 
The term halogen shall mean fluorine, chlorine, 

bromine or iodine. 
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The compounds of this invention are.prepared by 
utilizing the synthetic steps described below. Throughout 
the description of the synthetic steps, the notations X and 
R shall have the respective meanings given a~ove unless 
otherwise stated or indicated. 

In structural formulas depicting the compounds. of this 
invention, heavy lines ( ) coming out of the 3a-carbon 
and Sa-carbon of the l,2,3,3a,8,8a-hexahydropyrrolo[2,3-
b]indole ring system signify that the two substituents are 
above the average plane of the three-ring system, whe~eas 
dotted lines ( -"'"'"' ) signify that the two substituents are 
below the average plane of the three~ring system, and wavy 
line~· (~>signify that the t~ substituents are both 
above said average plane or below said average plane. 
Because of conformational constraints, the two substituents 
at the 3a- and Sa-positions must be both above said average 
plane or both below said average plane. Thus, in formula 
(I), the substituents at the 3a- and Sa-carbons are cis 
inasmuch as they are on the same side of the three ring 
system. Where said substituents are both above the average 
plane of the three ring system, the configuration will be 
referred to as 3aS-cis and where both substituents are 
below the average plane of the ring, the configuration will 
be referred to as 3aR-cis. 
tion are depicted below. 

I , 

These two types of conf igura-

- . 
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It is.the intent of the present inventors to claim 
both of said cis isomers·, namely, 3aS-cis isomer and 
3aR-cis isomer for each given compound name or structural 
formul~ containing wavy lines mentioned above. It is also 
the intent of the present inventors to claim all mixtures 
of the 3aS-cis and 3aR-cis isom~rs including the racemic 
mixture (1:1 ratio of 3aS-cis:3aR-cis). 
STEP A 

Starting with the compound of formula II and utilizing 
the synthetic scheme disclosed in Julian et al., J. Chem. 
Soc., 1935, 563-566 and 755-757, one can prepare the 
compounds of formulas IV and v. The synthetic scheme is 
outlined below, but for details the reader is referred to 
the ori~inal articles. For details of anoth~r optical , ·. 

resolutif>n procedure not described in Julian et al., the 
reader is referred to Schonenberg~r et al.,- J. ·Med. Chem., 
1986, Volume 29, ~268-2273; and Schonenberger et al., Helv. 
Chim. Acta, 1986, Volume 69, 283-287 and 1486-1497. 
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(1) ~sCffO 
(2) al3I · 
(3) hydzolysis 
(4) Na/EIOH 
(S) optical resolution 

CH30 CH3 

(IV) 

··· .. , 

(ill) 
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(V) 

If~; in the synthetic scheme depicted above, the 
f . •, 

convers1fn of compound III to compound IV is conducted 
without the optical resolution step, a racemic compound is 
obtained. Said racemic compound is a 50:50 mixture between 
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compound IV and its 3aR-cis isomer, and it can be used for 
preparing a racemic mixture comprising compound v. 
STEP B 

Compound Va obtained from STEP A is allowed to react 
with 1,1'-carbonyldiimidazole and ·the resultant product is 
allowed to react with an amine of formula VI to afford 
Compound I. 

(Va) 

·-·---·-------'----
(VI) 

This Sheet Has Been Repl · 
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Said reacti9n between compound Va and 1,1'­
carbonyldiimidazole is typically conducted by preparing.a 
degassed solution of compound Va in a suitable solvent such 
as dichloromethane, adding 1,1'-carbonyldiimidazole to the 
solution and stirring.the solution at room temperature for 
a suitable length of time such as one hour. Said 
carbamation reaction is typically conducted by adding the 
amine t~ the solution obtained above and stirring the solu­
tion at~room temperature for a few hours. 

ThJ compounds of formula I of the present invention 
are useful for the treatment of various memory dysfunctions 
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characterized by decreased cholinergic function, sucH as 

Alzheimer's disease. 
This utility is manifested by the ability of these 

compounds to inhibit the enzyme acetylcholinesterase and 

thereby increase the acetylcho~ine levels in the brain. 

COMPARISON BETWEEN COMPOUNDS OF THIS INVENTION 
AND PHYSOSTIGMINE 

Although physostigmine is a potent 
acetylcholinesterase inhibitor, its therapeutic utility is 

limited by poor stability and oral bioavailability, short 

duration of action and potent acute toxicity. we have 

selected (3aS-cis)-l,2,3,3a,8,8a-hexahydro-1,3a,8-

trimethylpyrrolo[2,3-b]indol-5-ol, (l,2,3,4-
tetrahydroisoquinolinyl)carbamate (Compound A, hereafter) 

as a representative exampl~ of the compounds within the 

scope of this invention.and co1llPared its effects with those 

of physostigmine is various in vitro and in vivo tests. 

The test results have demonstrated "that Com~ound A exhibits 

several therapeutic advantages over physostigmine. 

STABILITY 
Compound A was remarkably more stable than 

physostigmine when incubated with human plasma at 37°C. · 
After 4 hours, approximately 70' of Compound A remained, 

while physostigmine was completely destroyed under these 

conditions. Compound A was appro~imately 34 times less 

potent as an inhibitor of butyrylcholinesterase than 

physostigmine. The decreased affinity for this enzyme may 

contribute to the plasma stability of Compound A. 

. ORAL BIOAVAILABILITY 

Bioavailability studies with Compound A revealed that 
i 

it was r~pidly absorbed orally (Cmax at 30 minutes) and 

partione~ well across the blood brain barrier (brain: 

plasma at Cniax was 4.55:1). In contrast, physostigmine was 

so poorly bioavailable by the oral route that 

SUBSTITUTE SHEET 
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pharmacokinetic data was not available. The brain: Plasma 
ratio of physostigmine after intravenous dosing was only 
approximately 1.5:1 (Somani and Khalique, ·Drug Metabolism 
and Disposition, Volumne 15, 627-633, 1987). The oral 
bioavailability and activity were also demonstrated in the 
ex vivo acetylcholinesterase (AChE) inhibition tests, in 
which significant inhibition of rat brain -AChE was 
demonstrated after oral administration of Compound A. (See 
below for details of the test method used for determining 
inhibition of rat brain AChE). 

DURATION OF ACTION 
The duration of action of Compound A· was compared with 

that of physostiglnine in the ex vivo AChE test. Compound A 
(20 mg/kg) significantly inhibitied rat brain AChE at 4. and 
6 hours after oral administration, while .the effects at 24 

hours were not statistically significant. A time course of 
physostigmine action revealed no significant inhibition 2 

hours after intraperitoneal adminstration. Repeated 
administration of 20 mg/kg of Compound. A for four days in 
rats showed no accumulation effect. 

POTENCY vs. ACUTE LETHALITY 
Compound A and physostiglni.ne are equally potent as 

inhibitors of AChE in vitro. The tc50 value for Compound A 
in this assay was 0.036 pM and the 1c50 value for 
physostigmine was 0.034 pM. However, there is a 
substantial difference in acute toxicity between these two 

compounds. Intraperitonial administration of physostigmine 
to rats killed 50% of the test animals at dosages between 
1.0 and 2.5 mg/kg, while the dose of Compound A that caused 
50% lethality was between 40 and 80 mg/kg. There were also 
substant;i.al differences in cardiovascular effects between . . . 

Compound/A and physostigmine which were apparently due to 
t~e noradrenergic effects of Compound A. Compound A (100 
~M) stimulated [ 3 H]norepinephrine release in vitro, 

SUBSTITUTE SHEET 
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whereas physostfgmine had no such effect. (See below for 

details of the test method used for determining 

[ 8 H]norepinephrine release). 
Cholinesterase Inhibition Assay 

Cholinesterases are found throughout the body, both in 

the brain and in serum. However, only brain 

acetylcholinesterase (AChE) distribution is ·correlated with 

central cholinergic innervation. This same innervation is 

suggested to be weakened in Alzheimer patients. We have 

determined in vitro inhibition of acetylcholinesterase 

activity in rat striatum. 
In Vitro Inhibition of Acetylcholinesterase Activity in Rat 

Stria tum 
Acetylcholinesterase (AChE), which is sometimes called 

true or specific cholinesterase, is found in nerve cells, 

skeletal muscle, smooth muscle, various glands and red 

blood cells. AChB may be distinguished from other 

cholinesterases by substrate and inhibitor specificities 

and by regional distribution. Its distribution in brain 

roughly correlates with cholinergic innervation and 

subf ractionatfon shows the highest level in nerve 

terminals. 
It is generally accepted that the physiological role 

of AChE is the rapid hydrolysis and inactivation of 

acetylcholine. Inhibitors of AChB show marked 

cholinominetic effects in cholinergically-innervated ef fec­

tor organs and have been used thereapeutically in the 

treatment of glaucoma, myasthenia gravis and paralytic 

ileus. However, recent studies have suggested that AChB 

inhibitors may also _be beneficial in the treatment of 

Alzheimer's dementia. · 
Th~ method described below was used in this invention 

r . 

for assa,ing cholinesterase activity. This is a modifica-

tion of the method of Ellman et al., Biochem. Pharmacol. ]., 

98 (1961). 
SUBSTITUTE SH~ET 
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A. Reagents -
I lllllHlll 111111 all 

B. 

. 
I 

t 
I 

1. 0.05 

(a) 

(b) 

(c) 

(d) 

M Phosphate buffer, pH 7.2 

6.85 g NaH2Po4eH20/100 ml distilled H20 
13.40 g Na2HPo4e7H20/100 ml distilled 
H20 

add (a) to (b) until pH; reaches 7.2 :· 
Dilute 1:10 

2. Substrate in buffer 
(a) 198 mg acetylthiocholine chloride 

(10 mM) 
(b) q.s to 100 ml with o.os M phosphate 

buffer, pH 7.2 {reagent 1) 
3. DTNB in buffer 

(a) 19.8 mg 5,5-dithiobisnitrobenzoic acid 
(DTNB) (0.5 mM) 

(b) q.s. to 100 ml with 0.05 M phosphate 
buffer, pH 7.2 (reagent 1) 

4. A 2 mM stock solution of the test drug is 
made up in a suitable solvent and q.s. to 

' volume with 0.5 mM DTNB (reagent 3). Drugs 
are serially diluted (1:10) such that the 

4 

final concentration (in cuvette)- is 10- M 
and screened for activity. If active, rc50 
values ~re determined from the inhibitory 
activity of subsequent concentrations. 

Tissue Preparation-
Male Wistar rats are decapitated, brains rapidly 
removed, copora striata disected free, weighed 
and homogenized in 19 volumes (approximately 7 mg 

. . 
protein/ml) of 0.05 M phosphate buffer, pH 7.2 
using a Potter-Elvehjem homogenizer. A 25 
microliter aliquot of the homogenate is added to 
1.0 milliter vehicle or various concentrations of 
the test drug and preincubated for 10 minutes at 
37°C. 

~' IR~TITI JTE SHEET 
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c. Assay-
. Enzyme activity is measured with the Beclanan 

DU-50 spectrophotometer. This method can be used 
for IC50 determinations and for measuring kinetic 
constants. 
Instruments Settings 
Kinetics Soft-Pac Module #598273 (10) 
Program 16 Kindata: 
Source - Vis 
Wavelength - 412 nm 
Sipper - none 
Cuvettes - 2 ml cuvettes using auto 6-sampler 
Blank - 1 for each substrate concentration 
Interval time - 15 seconds ·(15 or 30 seconds for 
kinetics). 
Total· time 5 minutes (5 or 10 minutes for 
kinetics) 
Plot - yes 

----------------···--··-- - ·------· 

Span - autoscale 
Slope - increasing 

This Sheet Has" Been Replaced 

· 1111111111111WI1111111 
Results - yes (gives slope) 
Factor - 1 

Reagents are added -to the blank and sample cuvettes as 
follows: 

Blank: 

Control: 

Drug: 

0.8 ml Phosphate Buffer/OTNB 
0.8 ml Buffer/Substrate 
0.8 ml Phosphate Buffer/DTNB/Enzyme 
0.8 ml Phosphate Buffer/Substrate . 
0.8 ml Phosphate Buffer/DTNB/Drug/ 
Enzyme 
0.8 ml Phosphate Buffer/Substrate 

Bl~nk values are determined for each run to control , ' 

·to~ non-enzymatic hydrolysis of substrate and these 
values are automatically subtracted by the k;ndata 
program available on kinetics soft-pac module. This 

SUBST~TUTE SHE;ET 
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program also calculates the rate of absorbance !change 

for each cuyette. 
For 1c50oeterminations: 
Substrate concentration is 10 mM diluted 1:2 in assay 

y~e~ding ~inal concentration of 5 mM. DTNB concentration 

is 0.5 mM yielding 0.25 mM final concentration. 
siope control - slope drug 

% Inhibition = --------------------------
slope control 

Ic50 values are calculated from log-probit analysis. 
3 H-Norepinephrine Uptake in Rat Whole Brain or 

Hypothalamic Synaptosomes 

x 100 

This asay is used as a biochemical screen for compunds 

which block norepinephrine uptake. 
The neuronal re-uptake mechanism for norepinephrine 

(NE) is the most important phys-iological means for 

inactivating NE by removing the transmitter from the 

synaptic cleft. NE uptake is accomplished by a saturable, 
1 6 

sterospecific, high-affinity (Km=10· ~10- M); sodium-

dependent, active transport system, which has been shown to 

exist in both peripheral and central nervous system tis­
sues, using slice, homogenate and purified synaptosome 

preparations. NE uptake is potent~y inhibited by cocaine, 

phenethylamines and tricyclic ant~depressants. It is also 
inhibited by ouabain~ metabolic inhibitors and 

phenoxybenzamine. The inhibition of NE uptake by 
clinically effective tricyclic antidepressants is an 
important link in the catecholamine hypothesis of affective 

disorders. 
There are large regional variations in NE uptake which 

correlate with the endogenous levels of NE. The 

hypothal?JDUS shows the highest level of NE and the greatest 

uptake. ~ This'region is used for further testing of 

compoun~ showing activity in whole brain preparations. 

Synaptosomal 8 H-NE uptake is a.useful marker for the 

int~grity of noradrenergic neurons, after lesioning 

SUBSTITUTE SHEET 
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experiments, as well as an assay for compounds whicht 
potentiate the action of NE by blocking the reuptake 
mechanism. 
Procedure: 

A. Animals: Male CR Wistar rats (100-125 g) 

B. Reagents-
. 1. Krebs-Henseleit Bicarbonate Buffer, pH 7.4 

(KHBB). 

Make a 1 liter batch, containing the 
grams/L 

following salts. 

~ 
NaCl 
KCL 
MgS04e7H20 
KH2Po4 
NaHC03 
CaC12 

6.92 

0.35 
0.29 
0.16 
2.10 
0.14 

118.4 
4.7 
1.2 

2.2 
24.9 
1.3 

Prior to use add: 
Dextrose 2 mg/ml 
Iproniazid phosphate 0.30 mg/ml 

11.1 

0.1 
Aerate for 60 min. with 95• o2/5% co2, 

0.1). 
check pH (7.4 ± 

2. 0.32 M Sucrose: 21.9 g of surose, q.s to 200 
ml. 

--------. -·- ----- ··- 3. L(-}-Norepinephrine bitartrate is procured 
from a commerical source. A 0 .1 mM stock 
solution is made up in 0.01 N HCl. This is 
used to dilute the specific activity of the 
radiolabeled NE. 

This S~eet Has Been Replaced 
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4. Levo-(Ring-2, 5, 6-3 H]-Norepinephrine ( 40-5_0 
Ci/mmol} is obtained from a commercial 
source. The final desired concentration of 
3 H-NE in the assay is 50 nM. The dilution 
factor is 0.8; therefore the KHBB is made up 
to contain 62.5 nM[ 3 H]-NE. 
Add to 100 ml of ICHBB: 

-- .. .,:__ ----- ---
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59.4 microliter of 0.1 mM NE = 
0.31 runole of 3 H-NE = 
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For most assays, a 1 niM stock solution of 
the test compound is made up in a suitable 
solvent and serially diluted s~ch that the 
final concentration in the assay ranges from 
2x10-8 to 2xl0-S M. Seven concentrations 
are used for each assay. Higher or lower 
concentrations may be used depending on the 
potency of the test tompound. 

C. Tissue Preparation · 

D. 

Male Wister rats are decapitated and-brains 
rapidly removed. Either whole brain minus 
cerebella or hypothalamus is weighed and 
homogenized in 9 volumes of ice-cold 0.32 M 
sucrose using a Potter-Elvejhem homogenizer. 
Homogenization should be.done with 4-5 up and 
down strokes at medium speeds to.minimize 
synaptosome lysis. The homogenate is centrifuged 
at 1000 g for 10 min. at 0~4°C. The supernatant 
(S1 ) is decanted and is used for uptake 
experiments. 
Assay 
800 microliter 

20 microliter 
KHBB containing [ 8 H]-NE 

Vehicle or appropriate drug 
_concentration 

200 microliter Tissue suspension 
Tubes are incubated at 37°C under 95% o2/5% co2 
atmosphere for five minutes. For each asay, 3 tubes 
are incubated with 20 microliters of vehicle at 0°C ·in 
an ice bath. After incubation all tubes are im­
me4iately centrifuged at 4000 g for ten minutes. The 
suuernatant fluid is aspirated and the pellets dis­
solved by adding 1 ml of a solubilizer~ The tubes are 
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vigorously vortexed, decanted into scintillation vi-
als, and counted in 10 ml of Liquiscint scintillation 
counting cocktail. Active uptake is the difference 
between cpm at 37°C and 0°C. The percent inhibition 
at each drug concentration is the mean of three 
detel:Illinations. Ic50 values are derived from log­
probit analysis. 

CARDIOVASCULAR PHARMACOLOGY 
Objective: The purpose of the study described below was to 
characterize the cardiovascular profile of Compound A and 
to compare it with that of physostigmine, a standard 
acetylcholinesterase inhibitor. (Details of test methods 
used for determining acute cardiovascular hemodynamic ef­
fects are presented following the Conclusion section). 

Summary of Results: Compound A infused intravenously (0.01 
mg/kg/min) in anesthetized dogs did not elicit the 
prominent cardiovascular depression.as observed for 

equivalent rates of physostigmine _infusions (See·TABLB 1). 
In fact, at higher doses of Compound A_(O.l mg/kg/min, 
i.v.), the measured cardiac and peripheral vascular 

• 
parameters were markedly increased (TABLE 1). This 
hemodynamic profile is qualitatively similar to that 
observed for intravenous injections of the endogenous 
catecholamine, norepinephrine. Thus, the cardiovascular 
responses to Compound A are also consistent with in vitro 
results showing that Compound A enhances the spontaneous 
release of norepinephrine from sympathetic nerve terminals. 

Supplemental studies in an~sthetized dogs were carried 
out comparing the cardiovascular effects of Compound A (0.1 

mg/kg/min i.v.) and physostigmine (0.01 mg/kg/min i.v.) 
during c9mbined blockade of alpha and beta adrenergic 

I 

receptors. Pliysostigmine infusions during alpha and beta 
receptpr/blockade resulted in severe cardiovascular depres­
sion and mortality within 17-29 minutes in 3 out of 3 dogs. 

-------
There was no mortality observed at this dose of 
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physostigmine with intact alpha and beta adrenergic ~ecep-
tors. In contrast, alpha and beta adrenergic blockade 
abolished the positive cardiac and hemodynamic effects of 
Compound A resulting in moderate decreases in blood pres­
sure and cardiac ·output. 

The higher dose of physostigmine utilized in these 
studies produced blockade of the conduction of action 
potentials from the atria to the ventricles (A-V block; 
TABLE 1). There were no drug related changes in the 
electrocardiogram (ECG) at 0.01-0.1 mg/kg/~in (i.v.) of 
Compound A. The notable increases in right atrial pressure 
(RAP) and left ventricular end-diastolic pressure (LVEDP) 
observed during physostigmine infusions (indicative of a 
depression in the contractile strength of the heart) were 
not observed during Compound A infusions. 

Conc1usions: The results summarized above suggest that 
although Com.pound A exhibits potent acetylocholinesterase 
inhibition in dogs, it possesses a unique property in at­
tenuating cardiovascular depression as observed with the 
standard, physostigmine. In addition, the data show the 
importance of functional adrenergic compensatory mechanisms. 
in attenuating severe cardiovascular depression caused by 
acetylcholinesterase inhibition. 

METHODS USED FOR ACUTE CARDIOVASCULAR 
HEMODYNAMIC EVALUATION 

Beagles· of either sex are anesthetized with sodium 
thiopental 15 mg/kg + sodium ba~bital 200 mg/kg + 60 mg of 
sodium pentobarbital i.v. The trachea is intubated with a 
cuffed endotracheal tube and connected to a Harvard 
Respirator Pump set at 20 ml/stroke and 10 strokes/minute. 
The right femoral artery and vein are exposed and 
cannula~ed wi~h polyethylene tubing for measurement of 
.arteria~ blood pressure and i.v. administration of drugs, 
respectively. The duration of these experiments is two 
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hours postdrug when drug is administered i.v. and thfee 
hours when administered i.d. 

The arterial cannula is connected to a Statham P23Gb 

transducer. Left ventricular cardiac catheterization is 
accomplished by introducing a Millar microtip pressure 

transducer into the left carotid artery and advancing it to 
the left ventricle. The cannula is connected to a Millar 

TC-100 transducer controi unit which is connected to a 
Beckman voltage/pressure pulse coupler. Ventricular pres­
sure and its first de·rivative dP/dt are measured 
simultaneously by wiring the signal output from the left 
ventricular pressure tracing into a differentiator. 
Cardiac output (CO) is determined by thermodilution 
techni.que using a quadruple lumen 7F Swan-Ganz flow 
directed catheter introduced into the right external 
jugular vein and threaded.into the superior vena cava, 

right atrium, through the right ventricle and into the 

pulmonary artery. The proximal lumen of this catheter is 
in the· right atrium when the distal lumen and thermistor 
have been properly placed in the pulmonary artery. The 

. . 
signal outputs from the prox'imal and distal sites are con-
nected to Statham P23BB transducers to measure right atrial 

pressure (RAP) and pulmonary artery pressure (PAP). 
Cardiac output is determined by injecting 5 ml of iced 5% 

dextrose in water into the proximal site (right atrium) and 

then measuring the temperature change in the pulmonary 
artery. Using the Stewart-Hamilton equation, the cardiac 

output can be determined by integrating the area under the 
thermodilution curve with an Edwards Cardiac Output 
Computer (model 9520). Heart rate is.determined with a 

Beckman Cardiotach which sums the pressure.waves from the 

pulse pr~ssure curve of the arterial pressure. Lead II EKG 
is reco*ed. ··All of these signal outputs are displayed on 
a Beckmab R-611 recorder. The measurement of these 
parameters ·provides information so that the following may 
be either measured directly or calculated: ______ _ 
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1 • Mean Arterial Blood Pressure - MAP (mtnlig )· 

2. Heart Rate - HR 

3. cardiac Output - co (l/minute) 
4. Total Peripheral Resistance - TPR 
5. Cardiac Index - CI (CO/m2 ) 
6. Stroke Volume - SV (ml/beat) 
7. Stroke Work - SW (gm-m/beat) 
a. Central Venous Pressure - CVP measured as 

right atrial pressure (RAP) mmHg or cmH2o. 
9. Left Ventricular End Diastolic Pressure -

LVEDP (mmHg) 
10. Rate of Rise of Ventricular Pressure -

dP/dt/Pmax 

This parameter is a better estimate of the 
contractile state of the myocardium that dP/ 

. -
dt alone since the former is relatively 
independent of the loading conditions of the 
heart (sec- 1 ). 

11~ PlumonaryArtery Pressure -·PAP (mmHg) 
12. Electrocardiogram - EKG 

---···-----·--- ----·-------------··-. ·-
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f. 
Results of the acute cardiovascular hemodymic e~alua- · 

tion for Compound A_ and physostigmine are presented in 

Table 1. 

TABLE 1 

COMPARISON-OF THE HEMODYNAMIC EFFECTS IN THE .ANESTHETIZED 
DOG 

Dose 
Route 

0.01 mg/kg/min. 
i.v. 

ComQound A Ph~sostigmine 

MAP -12% -49% 
HR -12% -49\ 
co +20/-17% -2·3, 

TRP -18% ~34% 

dP/dT +37% -32% 
RAP NC +SnunHG 
LVEDP NC +SmmHG 

ECG NC NC 

0.1 mg/kg/min. 
i.v. 

* COmQOUnd A Ph:y:sostigmine 
+54% -78% 
-13% -82% 
+40% -79%. 
+61%· -48% 
+38% -80% 

NC +SmmHG 
NC +8mmHG 

NC A-V block 
inc. T 

wave 

Effective quantities of the compounds of the invention 
may be administered to a patient by any of the various 

methods, for example, orally as in capsule or tablets, 
parenterally in the form of sterile solutions or suspen­
sions, and in some cases intravenously in the form of 
sterile solutions. The free base fin~l products, while 
effective themselves, may be formulated and administered in 
the form of their pharmaceutically acceptable acid addition. 
salts fo~ purposes of stability, convenience of crystal-
lization~ increased solubility and the like. ~~---"-~~~~~~-
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Acids useful for preparing the pharmaceutically1ac-

1 

ceptable acid addition salts of the invention include 
inorganic acids such as hydrochloric, hydrobromic, 
sulfuric, nitric, phosphoric and perchloric acids,. as well 
as organic acids such as tartaric, citric, acetic, 
succinic, maleic, fwnaric and oxalic acids. 

The activ~ compounds of the present invention may be 
orally administered, for example, with an inert diluent or 
with an edible carrier, or they may be enclosed in gelatin 
capsules, or they may be compressed into tablets. For the 
purpose of oral therapeutic administration, the active 
compounds of the invention may be incorporated with 
excipients and used in the form of tablets, troches, 
capsules, elixirs, suspensions, syrups, wafers, chewing gum 
and the like. These preparations should contain at least 
0.51 of active compounds, .but may be varied depending upon 
the particular form and may conveniently be between 4% to 
about 70% of the weight of the unit. '!'he amount of active 
compound in such compositions is such that a suitable dos­
age will be obtained. Preferred compositions and prepara­
tions according to the present invention a~e prepared so 
that an oral dosage unit form contains between 1.0 - 300 

milligrams of active compound. 
The tablets, pills, capsules, troches and the like may 

also contain the following ingredients: a binder such as 
micro-crystalline cellulose, gum tragacanth or gelatin; an . 
excipient such as starch or lactose, a disintegrating agent 
such as alginic acid, Primogel, cornstarch a~d the like; a 
lubricant such as magnesi\im stearate or Sterotex; a glidant 
such as colloidal silicon dioxide; and a sweeting agent 
such as sucrose ~r saccharin may be added or a flavoring · 
agent ··such as peppermint, methyl salicylate, or orange 
flavoring. When the dosage unit form is a capsule, it may 

' . contain,/ in addition to materials of the above type, a 
liquid carrier such as a fatty oil. Other dosage unit 
forms may contain other various materials which modify the 

~------------------
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physical form of the dosage u.ni t, for example, as coc;tings .. 
Thus, tablets or pills may be coated with sugar, shellac, 
or other enteric coating agents. A syrup may contain, in 
addition to the active compounds, sucrose as a sweetening 
agent and certain preservatives, dyes, coloring and 
flavors. Materials used in preparing these various 
compositions should be pharmaceutically pure and non-toxic ·· 
in the amounts used. 

For the purpose of par~nteral therapeutic administra­
tion, the active compounds of the invention may be 
incorporated into a solution or suspension. These prepara­
tions should qontain at least 0.1% of active compound, but 

' . 
may be varied between 0.5 and about 30% of the'weight 
thereof. The amount of active compound in such composi~ 
tions is such that a suitable dosage will be obtained • 

. Preferred compositions and preparations according to the 
present.invention are prepared· SO that a parenteral dosage 
unit contains between 0.5 to 100 mi,.lligrams of active 
compound. 

The soiutions or suspensions may also include ~he fol­
lowing components: a sterile diluent such as water for 
injection, saline solution, fixed oils, polyethylene 
glycols, glycerine, propylene glycol or other synthetic 
solvents; antibacterial agents such as benzyl alcohol or 
methyl paraberis; antioxidants such as ascorbic ·acid or 
sodium bisulf ite; chelating agents such as 
ethylenediaminetetraacetic acid; buffers such as acetates, 
citrates or phosphates and agents for the adjustment of 
tonicity such as sodium chloride or dextrose. The 
parenteral preparation can be.enclosed in disposable 
syringes or multiple.dose vials made of glass or plastic.· 

Ex·amples of the compounds of this invention include 
those li~ted below as well as the 3aR-cis isomers thereof 
and mixt~res of the 3aS-cis and 3aR-cis isomers including 
the racemic mixtures: ----
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'(3aS-cis)-l,2,3,3a,8,8a-hexahydro-l,3a,8-
trimethylpyrrolo[2,3-b]indol-
s-ol, { 1, 2, 3 ,4-tetra.hydrois~quinolinyl )carbamate; 

(3aS-cis)-1,2,3,3a,8,8a-hexahydro-1,3a,8-

trimethylpyrrolo[2,3-b]indol-

rTH!SsHEET HAS BEEN i, 

~PLACED r 

PCf /lJS90/03S52 

I 

. 
5-ol, (l-methyl-1,2,3,4-tetrahydroisoquinolinyl)carbamate; 

( 3aS-cis )-1, 2, 3, 3a, 8, Ba-hexahydro-1, 3a, 8- · ·· 
trimet~ylpyrrolo[2,3-b]indol-

5-ol, (1-ethyl-1,2,3,4-tetrahydroisoquinolinyl)carbamate; 

(3aS-cis)-1,2,3,3a,8,8a-hexahydro-1,3a,8-
trimethylpyrrolo[2,3-b]indol-
5-ol, (l-propyl-1,2,3,4-tetrahydroisoquinolinyl)carbamate; 

(3aS-cis)-l,2,3,3a,8,8a-hexahydro-1,3a,8-

trimethylpyrrolo[2,3-b]indol-
5-ol, (l-butyl-1,2,3,4-tetrahydroisoquinolinyl)carbamate; 

(3aS-cis)-1,2,3,3a,8,8a-hexahydro-l,3a,8-
trimethylpyrrolo[2,3-b]indol-
5-ol, (6-chloro-1,2,3,4-tetrahydro;isoquinolinyl)carbamate; 

( 3aS-cis )-.1, 2, 3, 3a, 8, Ba-hexahydro-1, 3a, 8-
trimethylpyrrolo [ 2, 3-b] indol-
5-ol, (7-chloro-1,2,3,4-tetrahydroisoquinolinyl)carbamate; 

{ 3aS-cis )-1, 2, 3 1.3a, 8, Ba-hexahydro-1, 3a, 8-

trimethylpyrrolo[ 2, 3-b ]indol-
s-01, (6-chloro-l-methyl-1,2,3,4-tetrahydroisoquinolinyl) 
carbamate; 
(3aS-cis)-l,2,3,3a,8,8a-hexahydro-1,3a,8-
trimethylpyrrolo[2,3-b]indol-
5-ol, {7-chloro-1-methyl-1,2,3,4-tetrahydroisoquinolinyl) 
carbamate; 
(3aS-cis)-l,2,3,3a,8,8a-hexahydro-1,3a,8-
trimethylpyrrolo[2,3~b]indol-

5-ol, (6-hydroxy-1,2,3,4-tetrahydroisoquinolinyl) 

carbamatje; 
(3aS-cifj)-l,2,3,3a,8,8a-hexahydro-l,3a,8-

----·---------------·-----
trimethylpyrrolo[2,3-b]indol-
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5-ol, (7-hydroxy-1,2,3,4-tetrahydroisoquinolinyl)­
carbamate; 
(3aS-cis)-l,2,3,3a,8,8a-hexahydro-1,3a,8-
trimethylpyrrolo[2,3-~]indol-

5-ol, (6-hydroxy-1-methyl-1,2,3,4-tetrahydroisoquinolinyl) 
carbamate; and 
( 3aS-cis )-1, 2, 3, 3a, 8-, Sa-hexahydro-1, 3a, 8-
trimethylpyrrolo[ 2, 3-b]indol-
5-ol, (7-hydroxy-1-methyl-1,2,3,4-tetrahydroisoquinolinyl) 
carbamate. 

The following examples are presented in order to il­
· lustrate this invention. 

EXAMPLE 1 
C3aS-cisl-l,2,3,3a,8,8a-Hexahydro-1,3a,8-

trimethylj?vrrolo £2, 3-b J iridol-5-ol,. 
Cl_;2.3,4-tetrahvdroisoauinolinyllcarbamate 

A degassed solution of eseroline (3.0 q) in 80 ml of 
dry dichloromethane was treated in.one portion with l,1'­
carbonyldiimidazole (2.7 g) and stirred at room 
temperature. After one hour, the solution was treated with 
l,~,3,4-tetrahy4roisoquinoline (4.0 g) and stirring was 
continued overnight. The solution was concentrated and the 
residue purified by flash chromatography to give 2.8 g of 
pale oil which was crystallized 
white crystals, mp 83-85°C. 
ANALYSIS: 

from ether to give 2.4 g of 

Calculated for c23H27N3o2: 73.18\C 7.20%H 11.13%H 

72.98%C 7.22%H 11.09%N Found: 
EXAMPLE 2 

(3aS-cis)-l,2.3,3a,8,8a-Hexahydro-1.3a,8-
trimethylpyrroloC2.3-blindol-5-ol, Cl-methyl­

Cl,2.3,4-tetrahydroisoguinolinyllcarbamate 
A d~gassed solution of eseroline (2.3 g) and 1,1'­

carbonyl~iimidazole (2.1 g) in 60 ml of dry dichloromethane 

------
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was stirred at room temperature for on~ hour. 
tion was treated with l-methyl-1,2,3,4-
tetrahydroisoquinoline (1.5 q) and stirred at 

THIS SHEET HAS BtEN 

1

4 
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f 
This s.olu-

' 

40°C for two 
hour~, and thereafter the same amount of sa~d isoquinoline 
derivative was added and the solution was stirred at reflux 
for three hours. The solution was concentrated and the 
residue pu~if ied by colUJDJl chromatography over alumina to 
give 2.0 g of pale oil. This oil was crystallized from 50 
ml of a 10:1 pentane/ether solution to qive 1.6 q of white 
crystals, mp 105-108°C. 
ANALYSIS: 
Calculated for c24H29N3o2: 73.62%C 7.46%H 10.73%N 

73.86%C 7.48%H 10.65%N Found: 

. 
~ 

f 

I 
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WE CL,AIM: 
1. A compound of the formula, 

·--·--···----·----------·---~ 

CH3 
11111111 llf llf 11111 11111111111 

* c L " x 
N, /0 

c 3 

R II 2 
(1) 

0 
7 H 

where R is hydrogen or loweralkyl;·and Xis hydrogen, 
loweralky, halogen, loweralkoxy or hydroxy, which compounds 
being useful for alleviating memory dysfunction ·character­
ized by a choliner~ic deficit, or a pharmaceutically ac­
c_eptable acid addition salt thereof. 
2. The compound as defined in Claim 1, where R is 
hydrogen or methyl. 
3. The compound as defined in Claim 1, where X is 
hydrogen or halogen. 
4. The compound as defined in Claim l, where R is 

. . 
hydrogen or methyl, and X is hydrogen or halogen. 
5. The compound as defined in Claim 1, which is (3aS­
cis)-l,2,3,3a,8,8a-hexahydro-l,3a,8-trimethylpyrrolo[2,3-
b]indol-5-ol,(1,2,3,4-tetrahydroisoquinolinyl)carbamate or 
the (3aR-cis) isomer thereof, or a mixture of the two 
isomers. 
6. The compound as defined in Claim 1, which is (3aS­
cis)-l,2,3,3a,8,8a-hexahydro-l,3a,8-trimethy~pyrrolo[2,3~ 

b]indol-?-ol, (l-methyl-1,2,3,4-
tetrahy~oisoquinolinyl)carbamate or the (3aR-cis) isomer 
thereof,/ or a mixture of the two isomers. 

s 
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7. The compound as defined in Claim 1, which is (3fS-
cis)-1,2,3,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo[2,3-
b] indol-5-ol, ( l-ethyl-1, 2, 3, 4- . 
tetrahydroisoquinolinyl)carbamate or the {3aR-cis) isomer 
thereof, or a mixture of the two isomers. 
8. The compound as defined in Claim 1, which is (3aS­
c~s)-l,2,3,3a,8,8a-hexahyd.ro-l,3a,8-trimethylpyrrolo[2,3-

. . 
b]indol-5-ol, (l-propyl-1,2,3,4-
tetrahydroisoquinolinyl)carbamate or the (~aR-cis) isomer 
thereof, or a mixture of the two isomers. 
9. The compound as defined in Claim 1, which is (3aS­
cis )-_l, 2, 3, 3a, 8, Sa-hexahyd.ro-1, 3a, 8-trimethylpyrrolo ( 2, 3-
b ]indol-5-ol, (l-butyl-1,2,3,4-
tetrahydroisoquinolinyl)carbamate or the (3aR-cis) isomer 
thereof, or a mixture of_ the two isomers. 
10. The compound as defi~ed in Claim 1, which is (3aS­
cis)-l,2,3,3a,8,8a-hexahydro-l,3a,8~trimethylpyrrolo[2,~­

b]indol-5-ol, (6-chloro-1,2,3,4-
tetrahydroisoquinolinyl)carbamate or the (3aR-cis) isomer 
thereof, or a mixture of the two isomers." 
11. -The compound as defined in Claim l, which is (3aS- . 
cis)-l,2,3,3a,8,8a-hexahyd.ro-l,3a,8-trimethylpyrrolo[2,3-
b]indol-5-ol, (7~chloro-l,2,3,4-

tetrahydroisoquinolinyl)carbamate or the (3aR-cis) isome~ 
thereof, or a mixture of the two isomers. 
12. The compound as defined in Claim 1, which is (3as­
cis )-1, 2, 3, 3a, 8, Ba-hexahydro-.1, 3a, 8-trimethylpyrrolo [ 2, 3-
b] indol-5-ol, (6-chloro-l-methyl-1,2,3,4-
tetrahyd.roisoquinolinyl)carbamate or the (3aR-cis) isomer 
thereof, or a mixture of the two isomers. 
13. The compound as defined in Claim 1, which is (3aS­
ciS)-1,2,3,3a,8,8a-hexahydro-1,3a,8-trimethylpyrrolo[2,3-
b]indol-?-ol, (7-chloro-l-methyl-1,2,~,4-, ' 

tetrahydjoisoquinolinyl)carbamate or the (3aR-cis) isomer 
thereof, or a mixture of the two isomers. 
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14. The compound as defined in Claim 1, which is (3cts­
cis)-l,2,3,3a,8,8a-h~xahydro-l,3a,8-trimethylpyrrolo[2,3-

b]indol-5-ol, (6-hydroxy-1,2,3,4-
tetrahydroisoquinolinyl)carbainate or the (3aR-cis) isomer 
thereof, or a mixture of the two isomers. 
15. The compound as defined in Claim l, which is (3aS­
cis)-l,2,3,3a,8,8a-hexahydro-l,3a,8-trimethylpyrrolo[2,3-
b]indol-5-ol,. (7-hydroxy-1,2,3,4-
tetrahydroisoquinolinyl)carbamate or the (3aR-cis) isomer 
thereof, or a mixture of the two isomers. 
16. The compound as defined in Claim l, which is (3aS­
cis)-1,2,3,3a,8,8a-hexahydro-l,3a,8-trimethylpyrrolo[2,3-
b]indol-5-ol, (6-hydroxy-l-methyl-1,2,3,4-
tetrahydro.isoquinolinyl) carbamate or the ( 3aR-cis) isomer 
thereof, _or a mixture of the two isomers. 
17. The compound as defined in Claim 1, which is (3aS­
cis)-l,2,3,3a,8,8a-hexahydro-l,3a,8-trimethylpyrrolo[2,3-
b]indol-5-ol, (7-hydroxy-1-methyl-1,2,3,4-
tetrahydroisoquinolinyl)carbamate or the (3aR-cis) isomer 
thereof, or a mixture of the two isomers. 
18. A pharmaceutical composition comprising a compound as 
defined in Claim 1 in an amount effective for alleviating a 
memory dysfunction cha·racterized by a cholinergic deficit, 
and a suitable carrier therefor. 
19. A method of treating a patient i~ need of alleviation 
of a memory dysfun~tion characterized by a cholinergic 
deficit, which method comprises administering to such a· 
patient an effective amount of a co~pound as defined in 
Claim 1 • -------------·-------------· -------- --------------------------. 
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