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rials. For quantitative measurement, a print out  
of the time for preselected weight increments of 
powder to flow is obtained and the variation in time 
is a measure of the uniformity of flow. Examples 
were presented to illustrate the utility of the instru- 
mentation in identifying and evaluating nonuni- 
form flow. 
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Fig. 6-Increment time measurements showing the e - 
fect of particle size of an  ingredient, comprising I.& 
of a powder mixture on the unqormzty of $ow. Key: 

A, < 40 mesh; B, 1 6 4  mesh. 

formulations were subsequently tableted on the 
single-rotary press. Tablet weight data using the 
F test at 95% confidence limits indicated the more 
uniform flowing formulation had significantly less 
tablet weight variation. 

SUMMARY 

Instrumentation has been described for the 
qualitative and quantitative evaluation of the uni- 
formity of flow of powders through a hopper orifice. 
For the qualitative evaluation, a recording powder 
flowometer was utilized in which a recorder tracing 
identifies fluctuating or inconsistently flowing mate- 
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Notes 

LSD Analogs 11. N-[  2- (3-Pyridy1)ethyll-P-alanine Derivatives 
By KENNETH J. LISKA and ANJANEYULU S. TADEPALLI 

As a continuation of the study of structure-activity relationships in  LSD analogs, the 
ethyl esters and N,N-diethylamides of N-[2- (3-pyridyl)ethyl]-&alanine and N-methyl- 
N-[2 - (3-pyridyl)ethyl]-p-alanine were prepared and evaluated for antiserotonin 
activity in  the isolated rat  fundus. All four compounds and one of the intermediates 

were found to be  devoid of activity. SAR implications are discussed. 

HE THEORY OF a biochemical etiology of mental T illness, especially of schizophrenia, expounded by 
Woolley (1) and others, has not gained general ac- 
ceptance. Yet complete rejection of this theory is 
not justified, for i t  appears that insufficient data have 
been accumulated on all aspects of the problem. 
Among the various kinds of data needed are those on 
structure-activity relationships in the various chem- 
ical types of psychotomimetics. With these data, it  
might be possible to draw conclusions regarding the 
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mechanism of action of both natural and unnatural 
neurochemicals and neurohormones. 

The aim of this investigation was to  continue the 
preparation of relatives of lysergic acid diethylamide 
(LSD). In part I ( 2 ) ,  serotonin inhibition was 
utilized as an index of LSD-like activity, and three 
8-alanine derivatives were found to possess signifi- 
cant pharmacological properties. In the present 
work, four additional 0-alanine derivatives have been 
prepared and evaluated, again utilizing serotonin in- 
hibitory activity as the criterion. 

Woolley believed that serotonin was a key sub- 
stance in any consideration of a biochemical etiology 
of schizophrenia, and it is true that all of the psycho- 
tomimetic indoles antagonize serotonin (3). Past 
criticisms of the use of serotonin inhibition as an 
index of LSD-like activity were based in part on the 
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failure of 2-bromolysergic acid diethylamide (BOL) 
as a psychotomimetic even though it was a serotonin 
inhibitor. This criticism appears to be less valid 
when it is realized that substances such as BOL 
which antagonize serotonin in smooth muscle prepa- 
rations need not necessarily have the same actions as 
LSD on the central nervous system. Thus, as 
Crossland points out (3), the sedative effect of sero- 
tonin, injected into cerebral ventricles, is antago- 
nized by LSD but not by bromo-LSD, and there is 
evidence that bromo-LSD may not reach LSD-sensi- 
tive areas as easily as does LSD itself (3). 

DISCUSSION 

The relationship between LSD and this new type of 
8-alanine derivative is apparent from a consideration 
of their structures: 
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VIII, AND IX IN RESPONSE OF ISOLATED RAT 
FUNDUS TO SEROTONIN 

TABLE I-EFFECT OF COMPOUNDS I v ,  VI, VII,  

Dose, No. of Potentiation, %m 
Compd. m c d m l .  ExDt. Mean f SE 

CH, 
LSD 

Rl 

&Alanine Derivatives 

In place of the pyrrole ring in LSD, the analogs pos- 
sess a pyridine ring. The simple ester (Rz = OEt) 
and the N,N-diethylamide (Rz = NEtz) were pre- 
pared in both the N-H (RI = H )  and the N-methyl 

Addition of primary or secondary amines to acrylic 
acid derivatives was utilized in all four preparations: 

(Ri = CHa)~eries. 

Hydrogenation of 3-pyridineacetonite in the 
presence of alcoholic ammonia aflorded 3-(2-amino- 
ethy1)pyridine (Compound I in Experimental sec- 
tion). Without the presence of ammonia t o  sup- 
press secondary amine formation, the yield of the 
product was reduced by half. Even under optimum 
conditions, an average yield of 8% of the secondary 
amine, di-2-(3-pyridyl)ethyI amine (Compound I1 in 
Experimental) was obtained. 

Formylation of the primary amine followed by 
lithium aluminum hydride reduction of the forma- 
amide gave 3-( 2-methy1aminoethyl)pyridine (Com- 
pound IV). Yields of the N-methyl amine were 
poor owing to  the insolubility of the formyl deriva- 
tive in ether. The formylation was accomplished 
using formic acid and the primary amine, followed by 
heating to dehydrate; in each reaction, the simple 
formate salt could be isolated and recrystallized from 

~- 
IVb 50 5 117.9 + 6.1  

100 5 130.3 f 5.2 
VI 50 6 159.0 f 14.15 

100 6 174.0 f 14.53 
VII  50 5 144.0 f 17.6- 

100 5 163.2 f 23.2 
VIII  50 1 121.0 

100 1 110.5 
IX 50 1 127.8 

100 1 141.7 

mControl response to serotonin is taken as 100%. h p  
values: Compd. IV, p > 0.05; Compd. VI. p < 0.01; Compd. 
VII, 9 < 0.05. 

n-butyl alcohol. It was found to  be extremely 
hygroscopic. 

The addition of the primary and secondary amines 
to  ethyl acrylate and to N, N-diethylacrylamide pro- 
ceeded well without the inclusion of any glacial 
acetic acid. No yield, however, was obtained when 
3-(2-aminoethyl)pyridine was allowed to react with 
acrylamide per se. The failure of this specific type of 
addition has been noted before, and it is assumed 
that while the desired compound may form initially, 
it readily decomposes under the conditions of isola- 
tion by distillation. All of the new compounds re- 
ported herein are water soluble; the tendency to  
form hygroscopic salts was pronounced. 

The pharmacological procedures used were those 
described in the first paper in this series (2). The 
results, as summarized in Table I indicate that con- 
trary to  expectation, all of the compounds tested 
were devoid of serotonin inhibitory activity on the 
isolated rat fundus. Indeed, a slight but significant 
potentiating action was demonstrated for compounds 
VI and VII. The active serotonin inhibitors in 
Series I (2) possessed a group of high electron density 
on the aromatic ring, whereas the present compounds 
do not and and are devoid of serotonin inhibitory 
activity. Thus it appears that one of the structural 
requirements for serotonin inhibition in these @-ala- 
nine derivatives, is the presence of groups of high 
electron density on the N-aromatic portion of the 
molecule. 

EXPERIMENTAL' 

3(2-Aminoethyl)pyridine (I)-W-2 Raney nickel 
reduction of commercial 3-pyridine acetonitrile, fol- 
lowing the work of Robison and Robison (4), but 
using absolute alcoholic ammonia in place of aque- 
ous, afforded 3-(2-aminoethyl)pyridine in 71% 
yield. ny1.5379, b.p. 126-128' (24 mm.) Lit. (4) 
114-119' (15 mm.)]; picrate, from ethanol, m.p. 
213.5-215' dec. (lit. 213-214' dec.); diHC1, from 
alcohol, m.p. 207.5-208.5' (lit. 206-207'). Primary 
amine NH (str. )  3413, 3333 cm.-'. 
Di-2-(3-pyridyl)ethylamine (II)-This secondary 

amine was isolated as a by-product in the prepara- 
tion of Compound I by distillation of the pot residue. 
It was obtained in an average 8% yield as a yellow, 
mobile oil, b.p. 174-180' (0.1 mm.), n'," 1.5631. 
Secondary amine NH (str.) 3356 cm.-l. 

1 M.p. and b.p. are not corrected. M .'s were determined 
Analyses by Zalbraith Labs. IR in a Thiele apparatus. 

data from liquid 61ms taken on an Infracord. 



Vol. 57, No. 12, December 1968 

And-Calcd. for CIIHITN~: C, 73.97; H, 7.54; N, 
18.49. Found: C, 74.10; H, 7.59; N, 18.67. 
N-[2-(3-Pyridyl)ethyl]formamide (111)-To Com- 

pound I (18.9 g., 0.15 mole), formic acid (7.2 g., 
0.15 mole) was added dropwise with stirring in an 
open beaker. The solid formate salt which resulted 
was heated on a hotplate until most of the water was 
driven off as evidenced by cessation of fuming. The 
22 g. crude yield was distilled directly, and after dis- 
carding a forerun, the fraction b.p. 170-172’ (0.7 
mm.) was collected as a colorless oil, n v  1.5468, 
amide CO (str.) 1681 cm.-l. Obtained 17.9 g. 
(77%). 

And-Calcd. for CSHION~O: C, 63.98; H, 6.71; 
N, 18.66. Found: C, 63.91; H, 6.70; N, 18.67. 
3-(2-Methylaminoethyl)pyridine (IV)-Reduc- 

tion of the formyl derivative (111) was accomplished 
using LiAlH4, following the general procedure of 
Baumgarten et al. (5), and the work-up given by 
Mii:oviC and Mihailovii: (6). The liquid formamide 
was added dropwise and the reaction mixture was 
stirred 4 hr. after addition was complete. Repeated 
ether extractions were found to be essential in the 
work-up owing to the water solubility of the product. 
In a typical reaction, the yield was 38% of a colorless 
oil, b.p. 124-128’ (24 mm.), ny 1.5185. Secondary 
amine NH (str.) 3356 cm.-l. 

And-Calcd. for CsH12Nz: C, 70.55; H, 8.88; N, 
20.57. Found: C, 70.49; H, 9.05; N, 20.67. 
Picrate, from absolute ethanol, m.p. 190-190.5’ 

N,N-Diethylacrylamide (V)-This was prepared 
according to the literature (7, 8), b.p. 90-95’ (16 
mm.), ng 1.4655 [lit. 95’ (19 mm.), TZ;’ 1.46721. 
N-[2-(3-Pyridyl)ethyl]-&alanine Ethyl Ester (VI) 

-Commercial ethyl acrylate (14.4 g., 0.14 mole) was 
added with swirling to the primary amine (I) (17.6 g., 
0.14 mole). The mixture was refluxed gently for 3 
hr. and allowed to stand for 20 hr., after which it was 
distilled directly. After discarding a 1-g. forerun, an 
amber oil was collected, b.p. 160-170’ (2-2.5 mm.), 
13.7 g. (43%). n’,” 1.5100, carbonyl CO (str.) 1725 
crn.-l. 

And.-Calcd. for CIZHI~NZO~: C, 64.83; H, 
8.16, N, 12.60. Found: C, 64.72; H, 8.24; N, 
12.65. 

Picrate, from alcohol, m.p. 138.5-140.5’. The 
HCl salt could not be obtained crystalline. 
3 - [2 - (3 - Pyridy1)ethylaminol - N’,N’ - diethyl- 

propionamide (vII)---N,N-Diethylacrylamide (V) 
(6.35 g., 0.05 mole) was added dropwise to the 
primary amine (I). The mixture, protected with a 
drying tube, was heated under reflux on a steam bath 
for 4 hr. and then allowed to stand for 16 hr. Distil- 
lation yielded a main fraction, 7.9 g., b.p. 155-162’ 
(0.08 mm.), which was redistilled to give 4.5 g. (36%) 
of a colorless oil, b.p. 160-170’ (0.5 mm.). ny 
1.5083, tertiary amide CO (str.) 1625 em.-’. 

And-Calcd. for CIJ-ISN~O: C, 67.43; H, 9.30, 
N, 16.85. 

The HC1 salt was prepared crystalline but was 
very hygroscopic. The picrate crystallized after 4 

Found: C, 67.49; H, 9.17; N, 17.02. 

1 
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days standing and was recrystallized from absolute 
alcohol, m.p. 102-103O, hygroscopic. 

N - Methyl - N - [2 - (3 - pyridy1)ethyll - @ - alanine 
Ethyl Ester (VII1)-Commercial ethyl acrylate (3.2 
g., 0.03 mole) was added with swirling to the 
secondary amine ( IV)  (4.2 g., 0.03 mole), and the 
mixture heated, as in the previous preparation, for 5 
hr. and then allowed to stand overnight. Direct 
distillation gave a main fraction, b.p. 142-147’ (0.2 
mm.), which was redistilled to give 3.8 g. (52%) of 
yellow oil, b.p. 141-145’ (0.1 mm.). ny 1.4938, 
carbonyl CO (s t r . )  1727 cm.-l. 

And-Calcd. for Cl3HmNZOz: C, 66.07; H, 
8.53; N, 11.85. Found: C,65.89; H,8.55; N, 11.79. 
Picrate, from absolute ethanol, m.p. 143-145’. 
3 - [N - Methyl - N - 2 - (3 - pyridy1)ethylaminoI- 

N’,N’-diethylpropionamide (1X)-NJ”Diethylacry1- 
amide (2.8 g., 0.02 mole) was added to the second- 
ary amine (IV) (3.0 g., 0.02 mole) as described in 
the preparation of VII. The reaction mixture was 
distilled directly, and after discarding a 2-g. forerun, 
collected 2.8 g. (48%) of a pale yellow oil, b.p. 170- 
177’ (0.08 mm.). ny 1.5089, tertiary amide CO 
(str.) 1655 cm-1. 

Anal.-Calcd. for CI5Hz5N30: C, 68.40; H, 9.57; 
N, 15.95. Found: C, 68.20; H, 9.77; N, 15.85. 
The picrate could not be obtained in a crystalline 
state. 

PHARMACOLOGY 

All experimental procedures were the same as for 
the previous series (2), except for the following. A 
Grass polygraph model No, 7WC8PA was used in- 
stead of a kymograph; the sensitivity of the poly- 
graph was maintained constant for all experiments. 
The minimum amount of serotonin required to give a 
response of 7-10 mm. was determined to be 0.5-1.0 
ng./ml. of bathing solution. 
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