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Mice infected with E. coli or S. aureus were medicated by the 
subcutaneous (sc) or oral (po) routes once (0.5 mL) at 0.5-h 
postinfection. Deaths were recorded daily for 7 days. Mice 
infected with P. aerugonisa were medicated sc (0.2 mL) at 0.5-, 
4-, and 7-h postinfection. Deaths were recorded daily for 7 days. 

Groups of 10 animals each for four or five dose levels were thus 
treated and the number of survivors in each group recorded. 
Nonmedicated control animals were included in each test. Fifty 
percent protective dose values (PD60) were calculated by using 
probit analysis.18 
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In our continuing studies to elucidate the s t ruc ture-
activity requirements of phenethylamine type hallucino
gens, we reported tha t the cyclopropyl analogue 1 has 
potent hallucinogen-like activity in several animal mod
els.1,2 Furthermore, it has been subsequently found that 

OCH3 0CH3 

6CH3 6CH3 

1 C!'s-2a, R = OCH3 
trans-2b, R = OCH3 

trans-3, R = CH3 

racemic 1 is hallucinogenic in man, with an effective dose 
of the hydrochloride in the 16-20-mg range.3 The com
pound is therefore some 15-20 times more potent than 
mescaline. In contrast, 1 has relatively weak agonist ac
tivity in the ra t fundus assay, when compared with its 
p h e n e t h y l a m i n e coun t e rpa r t , l - (2 ,5-dimethoxy-4-
methylphenyl)-2-aminopropane (DOM, STP).4,5 Since the 
pX a of 1 is 8.II,5 while tha t of substituted amphetamines 
is about 9.6,6 it seems likely tha t the high in vivo activity 
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Phenylcyclobutylamines as Analogues 
of LSD-like Biological Activity 

for 1 may be at least partially attributed to more favorable 
partitioning into the CNS, as a result of a higher fraction 
of the unionized form of the compound at physiological 
pH. Thus, higher concentrations of 1 in the brain could 
compensate for decreased efficacy at the receptor. 

I t is now fairly evident tha t addition of alkyl groups 
larger than methyl to the a side chain carbon of the sub
sti tuted amphetamine type hallucinogens abolishes bio
logical activity.4'7,8 It was therefore of interest to examine 
the cyclobutane homologues 2 and 3 for hallucinogen-like 
activity. In these compounds the ring of 1 has been ex
panded by one methylene unit. This would further test 
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cis- and trafis-2-(2,4,5-trimethoxyphenyl)cyclobutylamine and Jrans-2-(2,5-dimethoxy-4-methylphenyl)cyclobutylamine 
were synthesized as conformationally restricted analogues of hallucinogenic phenylisopropylamines. In rats trained 
to discriminate saline from LSD (0.08 mg/kg, ip) in a two-lever drug discrimination paradigm, no generalization 
of the LSD stimulus to the cis trimethoxy compound occurred at doses up to 20 mg/kg. For both of the trans 
compounds, partial generalization of the LSD cue occurred at doses of 5 mg/kg or greater. In contrast, complete 
generalization occurred with trans-2-(2,5-dimethoxy-4-methylphenyl)cyclopropylamine. The EDso for this compound 
and the doses of the trans cyclobutyl homologues at which significant drug-appropriate responding occurred indicate 
that the latter are on the order of 50-75 times less potent than the cyclopropylamine analogue. The lack of 
generalization to the cyclobutylamines indicates either that their discriminative stimulus properties differ from LSD 
or that they lack discriminative effects. 
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Table I. Results of Drug Discrimination Assay 

compd 
LSD" 
1 
2a 
2b 
3 

dose range, 
mg/kg 

0.05-1.0 
5-20 
4-20 
0.25-20 

no. of 
doses 

6 
4 
5 
7 

no. of test 
sessions per drug" 

29 
16 
16 
24 

highest mean % LSD 
correct responses 

(dose, mg/kg)6 

93 (0.75) 
28 (15) 
44 (10) 
53 (10) 

ED50, 
mg/kg 

0.0077 
0.163 

95% ci 
0.0036-0.0162 
0.07-0.38 

"Generally two to seven rats were tested at each dose. b Average LSD appropriate responding after saline never exceeded 15%. cThe LSD 
data are taken from a previous report (ref 18); these data and those of ref 18 were obtained in one large randomized study so that LSD data 
are appropriate for both reports. 

the limits of discrimination of steric bulk by the receptor 
and would establish whether the cyclopropane ring system 
is unique or whether larger carbocyclic systems should be 
examined. This report therefore describes the synthesis 
of components 2 and 3 and their evaluation in the two-lever 
drug discrimination assay using rats trained to discriminate 
injections of saline from LSD tartrate (0.08 mg/kg, ip). 
Evaluation of the cyclopropyl compound 1 in this assay 
is also reported, for comparison purposes. 

Chemistry. The cyclobutylamines were prepared by 
the method previously described by Miller et al.9 Es
sentially, the appropriate aromatic aldehyde was allowed 
to react with diphenylsulfonium cyclopropylide. This 
afforded the phenylcyclobutanones 4, which were con
verted to their respective oximes 5. Catalytic reduction 

^ n 
NH2OH ^ , N—OH 

4a, R= 2,4,5-(OCH3)3 
b, R = 2,5-(OCH3)2-4-CH3 

5a - ^ ^ 2a 

5a,b 

5b J!£m°» 3 

of oxime 5a over Adam's oatalyst yielded almost exclusively 
the cis amine 2a. Similar attempts to produce the cis 
amine from oxime 5b gave a compound that had the 
spectral properties of the expected cis compound but that 
slowly decomposed and could not be purified suitably for 
biological evaluation. Reduction of the oximes with sodium 
in 2-propanol gave predominantly the trans amines, which 
were purified as the hydrochlorides by repeated recrys-
tallization. Analysis of the purity of the cis and trans 
amines was carried out by GLC analysis of the iV-tri-
fluoroacetyl amides, as described previously.9 Isomeric 
purity was greater than 99.5%. 

Results and Discussion 
The testing data are summarized in Table I. In rats 

trained to discriminate saline from LSD (0.08 mg/kg), 
where LSD had an ED50 of 0.0077 mg/kg (0.0036-0.0162 
95% confidence interval (ci)), compound 1 had an ED50 
of 0.163 mg/kg (0.07-0.38 95% ci). By contrast, there was 
no significant generalization of the LSD stimulus to 3 at 
doses from 0.25 to 5 mg/kg. At 10 mg/kg, 3 produced an 
average of 53% responding on the LSD lever in five rats, 
while at 20 mg/kg behavioral disruption occurred in two 
of the four rats tested. The lack of a sufficient amount 
of compound 3 precluded the determination of a complete 
dose-response curve. However, the data indicate that 10 

(9) Miller, D. D.; Bossart, J. F.; Chelekis, K. J. Org. Chem. 1979, 
44, 4449. 

mg/kg may be near the ED50, suggesting about a 50-fold 
difference in potency between 1 and 3. In man, 1 has 
clearly detectable clinical effects following an oral dose of 
10 mg of the hydrochloride, while an effective intoxication 
is produced by doses of 16-20 mg. In contrast, 3 has no 
detectable effects in man following an oral dose of 25 mg 
of the hydrochloride.10 

No significant LSD-appropriate responding was ob
served following administration of the cis compound 2a 
at doses up to 20 mg/kg, and no disruption occurred at 
the highest dose tested. Similar to 3, partial generalization 
occurred to the trans compound 2b. At 10 mg/kg, two of 
the seven rats tested selected the drug appropriate lever, 
while at 15 mg/kg one of the three rats tested selected the 
drug lever. This compound appeared to be slightly less 
potent than 3. 

These data, in conjunction with earlier reports, from this 
laboratory and others,4,7^ clearly indicate that the receptor 
systems involved in mediating the action of hallucinogenic 
phenethylamine derivatives cannot tolerate significant 
molecular bulk attached to the a side chain position. With 
one exception, where geminal a,a-dimethyls are incorpo
rated into a cyclopropane ring,11 nothing larger than a 
methyl is known to give active compounds. In that case 
it again is not clear to what extent the in vivo activity is 
related to distribution effects, due to the lower basicity of 
cyclopropylamines. On the basis of calculated solution 
conformations, we have previously suggested that the re
ceptor may be viewed as a groove or slot or that some 
portion of the receptor may fold over the agonist mole
cule.12 

Thus, we propose a view of the receptor involved in the 
action of hallucinogenic phenethylamines that would in
clude a relatively planar region that could interact with 
one face of the hallucinogen molecule, presumably via a 
charge-transfer mechanism.13 Located in the vicinity of 
the amine binding site is an area of steric intolerance, 
possibly due to a groove or slot type geometry of the re
ceptor. Steric bulk protruding beyond a radius of about 
2 A from the a side chain carbon apparently abolishes 
biological activity. 

This conclusion parallels, in certain respects, the 
structure-activity relationships of dopamine agonists. 
Erhardt has postulated a steric boundary in the vicinity 
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of the amine binding site on the dopamine receptor that 
restricts the binding of agonists with a-alkyl substituents.14 

Similar reasoning could be used in the present instance. 
If a serotonin receptor is primarily involved in the action 
of hallucinogens, this would indicate that the geometry of 
certain dopamine and serotonin receptors may be similar. 
However, the dopamine receptor evidently does not even 
accept compounds tha t incorporate the side chain into a 
cyclopropane ring, whereas 1 retains hallucinogenic po
tency. 

E x p e r i m e n t a l Sec t ion 

Melting points were taken on a Mel-Temp or Thomas-Hoover 
UniMelt apparatus and are uncorrected. IR spectra were obtained 
on a Beckman IR-33 instrument NMR spectra were recorded on 
a Varian FT-80, Bruker HX-90E, or Nicolet 470-MHz FT spec
trometer. Chemical shifts are reported in 8 values (ppm) relative 
to an internal standard of Me4Si or DSS, depending on whether 
the sample was run in CDC13 or D20, respectively. Elemental 
analyses were performed by the microanalysis laboratory, De
partment of Chemistry, Purdue University, or by Galbraith 
Laboratories, Inc., Knoxville, TN. 

2-(2,4,5-Trimethoxyphenyl)cyclobutanone (4a). To a stirred 
solution of 3.68 g (18.6 mmol) of 2,4,5-trimethoxybenzaldehyde 
and 5.80 g (18.6 mmol) cyclopropyldiphenylsulfonium tetra-
fluoroborate15'16 in 100 mL of dry THF, cooled to -15 °C, was 
added dropwise, with stirring, a slurry of 2.80 g (25 mmol) of 
potassium tert-butoxide in 50 mL of dry THF.9 Slow addition 
of the base was necessary to achieve optimum yields. After 
addition was complete the reaction was stirred an additional 30 
min and 20 mL (20 mmol) of 1N fluoroboric acid was added. The 
reaction mixture was allowed to warm to room temperature and 
was taken up into ether, and the ether solution was washed with 
successive portions of saturated NaHC03, brine, and water and 
was dried (MgS04). Filtration and concentration by rotary 
vacuum evaporation gave an oil which was adsorbed onto a pad 
of silica gel. Washing with petroleum ether removed the diphenyl 
sulfide and the ketone was eluted with ether. Concentration gave 
an oil, which slowly crystallized on standing to yield the cyclo-
butanone, 3.3 g (75%). An analytical sample was recrystallized 
from i-PrOH: mp 69-70.5 °C; IR (KBr) 1780 cm"1 (C=0); NMR 
(CDC18) 8 6.70 (s, 1, Ar H), 6.54 (s, 1, Ar H), 4.45 (t, 1, Ar CH, 
J = 9 Hz), 3.87, 3.82, 3.77 (3 s, 9, OCH3), 3.3-2.9 (m, 2, COCH2), 
2.6-2.1 (m, 2, CH2). Anal. (C13H1604), C, H. 

2-(2,5-Dimethoxy-4-methylphenyl)cyclobutanone (4b). 
Following a procedure similar to that above, a mixture of 2.39 
g (13.3 mmol) of 2,5-dimethoxy-4-methylbenzaldehyde and 4.60 
g (14.6 mmol) of cyclopropyldiphenylsulfonium tetrafluoroborate 
in 50 mL of dry THF was treated with a slurry of 1.80 g (16.1 
mmol) of potassium tert-butoxide in 50 mL of dry THF at 0 °C. 
The reaction was stirred for 2 h after addition of the base and 
was then worked up as described above. Chromatography of the 
crude ketone over silica gel and elution with 7% ether in hexane 
gave the ketone as an oil which crystallized on standing: yield 
2.45 g (84%); mp 64-65 °C; IR (CHC13) 1780 cm'1 (C=0); NMR 
(CDC13) 5 6.70 (s, 1, Ar H), 6.60 (s, 1, Ar H), 4.41 (t, 1, Ar CH, 
J = 8 Hz), 3.74, 3.72 (2 s, 6, OCH3), 3.10-2.99 (m, 2, COCH2), 
2.36-2.15 (m, 2, CH2), 2.18 (s, 3, Ar CH3). Anal. (C13H1603) C, 
H. 

2-(2,4,5-Trimethoxyphenyl)cyclobutanone Oxime (5a). A 
solution of the (trimethoxyphenyl)cyclobutanone 4a (3.3 g, 14 
mmol), 8.0 g (115 mmol) of hydroxylamine hydrochloride, and 
90 mL (112 mmol) of 5% NaOH in 75 mL of EtOH was heated 
at reflux for 2 h. The solution was cooled, adjusted to pH 6, and 
extracted with CHC13. The organic extract was washed with brine 
and dried (MgS04). Filtration and concentration yielded an oil 
which crystallized on standing. Recrystallization from EtOH-H20 
afforded 2.77 g (79%) of the crystalline oxime: mp 144-145 °C; 
IR (Nujol) 3440 (OH), 1690 cm"1 (C=N); NMR (CDC13) 8 8.1 (br 
s, 1, OH), 6.98 (s, 1, Ar H), 6.55 (s, 1, Ar H), 4.57 (t, 1, Ar CH), 
3.87, 3.83, 3.80 (3 s, 9, OCH3), 3.2-1.8 (m, 4, CH2). Anal. (C13-
H17N04) C, H, N. 

(14) Erhardt, P. W. J. Pharm. Sci. 1980, 69, 1059. 

2-(2,5-Dimethoxy-4-methylphenyl)cyclobutanone Oxime 
(5b). A procedure identical with that for 5a using the cyclo-
butanone 4b afforded the corresponding oxime in 80% yield, 
following recrystallization from EtOH-H20: mp 83-84 °C; IR 
(Nujol) 1700 car1 (C=N); NMR (CDC13) 8 9.9 (br s, 1, OH), 6.66 
(s, 1, Ar H), 6.62 (s, 1, Ar H), 4.76 (br s, 1, Ar CH), 3.78 (s, 6, OCH3), 
2.8-1.75 (m, 4, CH2), 2.20 (s, 3, Ar CH3). Anal. (C13H17N03) C, 
H, N. 

cj's-2-(2,4,5-Trimethoxyphenyl)cyclobutylamine Hydro
chloride (2a). A solution of oxime 5a (0.47 g, 1.87 mmol) in 50 
mL of absolute EtOH, containing 1 mL of CHC13 and 50 mg of 
platinum oxide catalyst was shaken under 3 atm of H2 in a Parr 
apparatus for 12 h.17 The catalyst was removed by filtration 
through a Celite pad. Concentration under reduced pressure 
yielded a while solid. Recrystallization from EtOH-ether gave 
the pure amine salt: 320 mg (66%); mp 219-220 °C dec; NMR 
(90 MHz, D20) S 6.92 (s, 1, Ar H), 6.74 (s, 1, Ar H), 4.3-3.9 (m, 
2, Ar CtfCflN), 3.89,3.85,3.84 (3 s, 9, OCH3), 2.8-1.9 (m, 4, CH2); 
NMR (470 MHz, CDC13) 8 7.81 (br s, 3, NH3), 6.76 (s, 1, Ar H), 
6.43 (s, 1, Ar H), 3.87, 3.84, 3.79 (3 s, 9, OCH3), 3.90-3.82 (m, 2, 
Ar CHCHN), 2.81 (m, 1, CH), 2.31 (m, 1, CH), 2.17 (m, 1, CH), 
1.67 (m, 1, CH). Anal. (C13H20NO3Cl) C, N, N. 

frans-2-(2,4,5-Trimethoxy)cyclobutylamine Hydrochloride 
(2b). To a refluxing solution of 1.2 g (4.8 mmol) of 5a in 120 mL 
of dry i-PrOH was added 4.3 g (187 mmol) of sodium metal, in 
small pieces over 30 min. After complete addition the solution 
was maintained at reflux for 1 h. The reaction was cooled, water 
was added, and the s-PrOH was removed under reduced pressure. 
The aqueous solution was extracted with CH2C12 and the organic 
layer was then extracted with 4 N HC1. Basification with NaOH 
liberated the free base, which was extracted into CH2C12. The 
organic solution was washed with H20, brine, and then dried 
(MgS04). Filtration and concentration yielded the free amine, 
which was converted to its hydrochloride salt with ether-HCl and 
recrystallized twice from EtOH-ether to yield 710 mg (55%) of 
the pure trans amine salt: mp 196-197 °C dec; NMR (470 MHz, 
CDC13) 8 8.63 (br s, 3, NH3), 6.58 (s, 1, Ar H), 6.48 (s, 1, Ar H), 
3.93, 3.85,3.81 (3 s, 9 H, OCH3), 3.86, 3.64 (2 m, 2, Ar CtfCffN), 
2.57 (q, 1, CH), 2.35 (m, 2, CH), 2.00 (q, 1, CH). Anal. (C13-
H20NO3Cl) C, H, N. 

frazis-3-(2,5-Dimethoxy-4-methyIphenyl)cyclobutyIamine 
Hydrochloride (3). In a procedure analogous to that for 2b, 2.29 
g (9.75 mmol) of the oxime 5b in 150 mL of dry i-PrOH was 
treated with 8 g (350 mmol) of sodium metal. A similar isolation 
procedure to that for 2b gave the hydrochloride salt, which was 
crystallized several times from absolute EtOH to afford 1.51 g 
(60%) of the salt: mp 198.5-200 °C; NMR (470 MHz, CDC13) 
8 8.64 (br s, 3, NH3), 6.64 (s, 1, Ar H), 6.52 (s, 1, Ar H), 3.90, 3.76 
(2 s, 6, OCH3), 3.89 (m, 1, CH), 3.64 (m, 1, CH), 2.58 (q, 1, CH), 
2.35 (m, 2, CH), 2.17 (s, 3, Ar CH3), 2.00 (q, 1, CH). Anal. 
(C13H20N02C1) C, H, N. 

Pharmacology. Animals. Sixteen male, Sprague-Dawley 
rats, weighing 200-240 g at the start of the experiment, were 
obtained from Murphy Breeding Labs, Inc., Plainfield, IN. Rats 
were housed in pairs in an environmentally controlled room at 
22-24 °C and a 14/10 h light/dark cycle. Discrimination training 
was carried out as described previously,18 and rats were trained 
to discriminate intraperitoneal injections of saline from 0.08 mg/kg 
of LSD tartrate (NIDA). Rats were food deprived to allow for 
only about 1 g/day weight gain. Food (Lab Blox) was provided 
once daily, approximately 1 h after removal from the testing 
chambers. 

Apparatus. Standard operant chambers (Coulbourn Instru
ments) within sound-attenuated, ventilated cubicles were used. 
Each chamber contained two response levers separated by a pellet 
delivery system through which 45 mg food pellets (Bioserv, 
dustless) were dispensed. Solid-state and computer-controlled 
programming and recording equipment was located in an adjacent 

(15) Trost, B. M.; LaRochelle, R.; Bogdanowicz, M. J. Tetrahedron 
Lett. 1970, 3449. 
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5321. 

(17) Secrist, J. A.; Logue, M. W. J. Org. Chem. 1972, 37, 335. 
(18) Oberlender, R. A.; Kothari, P. J.; Nichols, D. E.; Zabik, J. E. 

J. Med. Chem., 1984, 27, 788. 
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room. Rats were trained on a fixed-ratio 32 (FR32) schedule. 
Drugs. Drugs were administered in a volume of 0.1 mL of 

physiological saline per 100 g of body weight. LSD tartrate was 
obtained from the National Institute on Drug Abuse. All other 
drugs were used as the hydrochlorides. 

Data Analysis. The mean percent responding on the LSD-
appropriate lever was calculated for each treatment group. These 
data were used to construct dose-response curves and, where 
complete generalization occurred (greater than 85% responding 
on the drug lever), an ED50 was calculated by the method of 
Litchfield and Wilcoxon.19 

(19) Litchfield, J. T.; Wilcoxon, F. J. Pharmacol. Exp. Ther. 1949, 
96, 99. 
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The synthesis of benzylamines with various iV-alkyl chains and substituents in the aromatic system as well as their 
evaluation on Mycobacterium tuberculosis H 37 Ra are described. The most active compounds in this test, 
iV-methyl-3-chlorobenzylamine (19, MIC 10.2 ng/raL), JV-methyl-3,5-dichlorobenzylamine (93, MIC 10.2 ng/mL), 
and iV-butyl-3,5-difluorobenzylamine (103, MIC 6.4 Mg/mL), also exhibited a marked inhibitory effect on Myco
bacterium marinum and Mycobacterium lufu used for the determination of antileprotic properties. The combinations 
of 93 with aminosalicylic acid, streptomycin, or dapsone exert marked supra-additive effects on M. tuberculosis 
H37Ra. 

iV-Alkylbenzylamines are compounds with a specific 
action against mycobacteria.1 They lack any activity 
against fungi and Gram-positive and Gram-negative bac
teria.2 Structural manipulations like the replacement of 
one methylene hydrogen by an alkyl group (1-phenyl-l-
(alkylamino)alkane type),1 the connection of two iV-al-
kylbenzylamines in this position (iV,iV-dialkyl-l,2-di-
phenylethylenediamine type),1 the shortening or length
ening of the distance between the nitrogen function and 
the aromatic system (119, 120),46or the transformation of 
the secondary amino group into a tertiary one1 led to a loss 
of antimycobacterial activity. However, primary benzyl
amines showed an inhibitory effect on mycobacteria (Ta
bles I—III). The degree of the antimycobacterial activity 
of 2V-alkylbenzylamines is influenced by the length of the 
iV-alkyl chain. iV-Butylbenzylamine (5) proved to be the 
most active compound in a series of ring unsubsti tuted 
benzylamines1 (Table I). Ramification of the iV-alkyl chain 
in the a-position to the nitrogen atom led to a loss of 
efficacy as shown by comparison of the activities of com
pounds 14, 23, and 46 with those of 13, 22, and 45 (Table 
II). An unequivocal correlation between the length of the 
N- alkyl chain and the antimycobacterial activity was not 
found (Table I). The introduction of halogen, especially 
of fluorine, into the meta position of the most active un
substituted compound, iV-butylbenzylamine, enhanced its 
antimycobacterial activity (iV-butyl-3-fluorobenzylamine 
hydrochloride (15), MIC 30 ng/mL M. tuberculosis H 37 
Rv,1 MIC 25.6 Mg/mL M. tuberculosis H 37 Ra (Table II), 
MIC 8 ng/mLM. tuberculosis H 37 Rv (INH resistant),3 

MIC 32 /ug/mL M. tuberculosis H 37 Rv (thiosemi-
carbazone resistant)3). 

+ Institut fur Pharmazie der Universitat Regensburg. 
1 Max-von-Pettenkofer-Institut fur Hygiene und Medizinische 

Mikrobiologie der Universitat Munchen. 
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The in vivo activity of 15 in the M. tuberculosis H 37 
Rv infected mouse was comparable with that of strepto
mycin.3 Other substituents did not considerably increase 
the efficacy of iV-butylbenzylamine.1 4-(Aminomethyl)-
2-hydroxybenzoic acid (HOMO-PAS) and its iV-alkyl de
rivatives were not capable of inhibiting the growth of M. 
tuberculosis.4. These results are in contrast to the findings 
of Kuhn et al.,5 who described an effect of HOMO-PAS 

(1) Ruckdeschel, G.; Stransky, D.; Schonenberger, H. Pharmazie 
1976, 31, 374. 

(2) Ruckdeschel, G.; Stransky, D.; Schonenberger, H. Pharmazie 
1977, 32, 119. 
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(4) Meindl, W.; von Angerer, E.; Ruckdeschel, G.; Schonenberger, 

H. Arch. Pharm. (Weinheim, Ger.) 1982, 315, 941. 
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