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uninioleculnr layer and would be expect ed to sig- 
nificantly alter tlic dosc rcsponsc obtained. I t  is well 
to point out here that such interactions would not 
only manifcst themselves in solid dosage forms, as 
in the case of tablets and capsules, hut could also 
occur in suspensions and ointments, where drug- 
adjuvant ratios are usually low. it is of signi6catit 
interest to point out liere that one cannot overlook 
the distinct possibility of thc crcipient itsclf cxisting 
as a cheinisorbed layer covering the surface of the 
drug resulting in similar alterations of thr physical 
or bioclierriical behavior of the rnedicarncrit in 
dosage forms whcrc the drug-adjuv:~nt ratios itre 
high. 

Data presented iu this study furtlicr illustrate 
the possibility that donor-acceptor interaction ol 
many varieties play :in important role iu these 
drug-adjuvant interactions. This has bccu illus- 
trated by different magnitudes of spectral shifts 
observed among aluminum, calcium, magnesium, 
ziuc, and socliuni-contairiing adjuvants as well as 
iioiimrtal-co~itnining excipients represented by 
stcaryl alcohol, stearic acid, cetyl alcohol, acacia, 
tragacatith, tatiriic acid. arid polyethylene glycol. 
'l'hc dcgree. of interaction obscrvedfurthcr dcpcnds on 
the nature of the drug and the type uf adjuvant used. 
For exatnplc, c:ilciuni-contniniii~ adjuvauts interact 
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'strongly wit11 osytetracycline but show vcry littlc 
interaction teudericy for anthraccnc. 

Studies are currently in progress in thcse labora- 
tories dealing with the effects of such interactions 
on various a.spects of drug dosage formulation and 
absorption, 
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LSD Analogs 

N-Methyl-N-p- (and m-) methoxyphenyl-p-alanine Derivatives 

By KENNETH J. LISKA, JAMES L. JOHNSON, JAMES P. MASTRIAN, 
and MARIE L. STEENBERG 

Patterned after a fragment of the LSD molecule, the ethyl esters, simple amides, and 
N,N-diethylamides of N-methyl-N-p- (and m-)methoxyphenyl-p-alanine were pre- 
pared for evaluation as psychotomimetics. Of five compounds tested, three exhibited 
some degree of antiserotonin activity in the isolated rat fundus preparation. One 

of these three appeared also to be anticholinergic. 

TTEMPTS IIAVE been made to  elucidate an A active psychotomimetic moiety in the lyser- 
gic acid diethylamide (LSD) Iriolecule (I, 2). 
In the present work, the i~-methvl-,~-phenyl-p- 
alanine fragment of LSD was selected for study; 
an electron-rich methoxy group pcmz or meta 
on the ring was intended to approxiinate the 
contribution made by the pyrrole nitrogen. 

The ethyl esters (R = OEt in p-alanine moiety 
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TABLE I.-EFFECT OF COMPOUNDS I ,  11, AND VI 
ON RESPONSE OF ISOLATED RAT FUNDUS TO SERO- 

TONIN 
~- ~- - 

Dose, No. of Inhibition, To 
Compd. mcg./ml. Expt. Mean * S.E. 

I 78.8 5 94.5 f 2.3  

Journal of Pharmaceutical Sciences 

exhibiting approximately 50% inhibition at 
concentrations of 7.4 and 28.2 mcg./ml., respec- 
tively. Compound I1 also antagonized acetyl- 
choline-induced contractions; 0.14 mg./nll. pro- 
duced a 50% inhibition. Compounds I, 11, and 
VI  appear as relatively weak serotonin antago- 
nists when their activities are compared t o  the 
activity- of LSD on the mouse uterus (3). The 
most active compound (VI) appears to  have a 
dual mechanism, antiserotonin and anticholiner- 
gic. These results are suminarized in Table I. 
Compounds 111 and V were inactive. 

EXPERIMENTAL1 
N-Methyl-panisidine.-This was prepared from 

commercial p-anisidine according to  the method of 
King and Tonkin (4), b.p. 139-141" (27 mm.). 
HCl salt, m.p. 121-123". Major I . R .  spectral 
peaks incm.-': 3405 (m), 1506 (s), 1230 (s), 1030 (s), 
815 (s). 
N-Methyl-m-anisidhe.-This was prepared from 

commercial m-anisidine following the directions of 
King and Tonkin (4) for the fium cornpound, b.p. 
119-120" (11 mm.), n",' 1.5670; picratc from 
alcohol, m.p. 147.5-149.5O. Major T.R. spectral 
peaksincm.-l: 3405(m), 1600(s), 1490(s). 1204(s), 
1155 (s), 820 (m), 750 (in), and 680 (m).  
N,N-Diethyl-3-bromopropionamide.-This was 

prcpared according to the method of Gearien and 
Liska (5),  b.p. 82-100" (0.5 to 1.0 rnm.). 

Ethyl 3-(N-Methyl-N-p-methoxyphenylamino)- 
propionate (I).-To a mixture of 52.0 Gm. (0.38 
mole) of N-methyl-p-anisidine and 57.0 Gm. (0.57 
mole) of ethyl acrylate was  added 2 nil. of glacial 
acetic acid, and the mixture refused for 7 hr., then 
allowed to  stand overnight. The product was 
taken up in ether, washed once with saturated 
sodium bicarbonate solution, once with water, dried 
over anhydrous sodium carbonate, the ether evapo- 
rated, and distilled. Discarding a forerun, the 
authors collected the fraction, b.p. 144-148" (0.1 
mm.). The yield was 60.4 Gm. (67%) of pale 
yellow oil. Ester CO (str) 1720 cm.-'. 

And-Calcd. for ClaHlsNOs: C, 65.82; H, 
8.02; N, 5.90. Found: C, 66.01; H, 8.10; N, 
6.00. 

The HC1 salt could not be obtained in a solid 
form. Picrate, from alcohol, m.p. 126-129". 

Ethyl 3-(N-Methyl-N-m-methoxyphenylamino)- 
propionate GI),-A mixture of 12.2 Gm. (0.089 
mole) of N-methyl-m-anisidine, 9.0 Gm. (0.089 
mole) of ethyl acrylatc, and 1 ml. of glacial acetic 
acid was heated under reflux for 5 hr. and then 
allowed to  stand overnight. The wnrkup was the 
same as for thc para compound. Obtained was 
12.0 Gm. (57y0) of a pale yellow oil, b.p. 145-160° 
(0.1 mm.). Ester CO (str) 1720 cm.-l. 

And-Calcd. for CI3Hl9NO~: C, 65.82; H, 8.02; 
N, 5.90. Found: C, 66.05; H, 8.16; N, 6.10. 

The HC1 salt could not be obtained in a solid 
form. Picrate, from alcohol, m.p. 104-106". 
3 - (N - Methyl - N - p - methoxypheny1amino)- 

propionamide QII).-Ammonia water (25 ml. of 
297, ammonia) was enclosed with 8.8 Gm. (0.037 

53.7 5 79.1 f 4.5 
35.8 5 53.5 =k 4.7 
17.9 5 39.5 i 4.4 

I1 28.4  
14.4 
5.7 
2 .8  

4 95.4 i 2.7 
4 83.6 f 1 . 4  
4 38.9 f 3.2 
4 5.0 + 2.1  
3 95.7 zt 2.1  
3 78.5 f 1.7  
3 20.0 f 3.6 
3 0 

~ _ _ ~  

structure), produced by addition of N-methyl-p- 
anisidine or N-methyl-m-anisidine to  ethyl 
acrylatc, were converted into the simple amides 
(R = NH2) employing ammonia water at re- 
frigerator temperatures. When the correspond- 
ing aminolysis employing the ethyl ester of 117- 
methyl-.V-p-methoxyphenyl-P-alanine and di- 
ethylamine was attempted at room temperature, 
at 75' for 72 hr.,  or at 160' for 22 hr., no amide 
formation could be detected by infrared spectral 
examination of the crude reaction products. 
Only unchanged ester appeared to  be recovered. 
This diethylamine aminolysis was also attempted 
using catalytic amounts of water (a t  110' for 
64 hr.), sodium ethoxide (room temperature for 
65 hr.), and calcium chloride (112' for 15 hr.). 
Again, only unchanged ester could be detected 
by infrared examination of the crude reaction 
products. Since the N,N-diethylamide in the 
para series could not be obtained by aminolysis, 
i t  and the N,N-diethylamide in the meta series 
were prepared by  treating N,N-diethyl-3-bromo- 
propionamide with either N-methyl-p-anisidine 
or N-methyl-m-anisidine. As a further proof of 
structure, the ethyl ester in the para series was 
hydrolyzed to  thc free acid, which was isolated as 
the amino acid hydrochloride salt. 

Pharmacological testing for serotonin inhibi- 
tory activity was performed utilizing the isolated 
rat fundus. Five compounds were tested: the 
ethyl esters in both series, the simple amide i n  
the para series, and the N,N-diethylamides in 
both series (compounds I, 11, 111, V, and \'I. 
See under Experimental). Compounds 1, 11, 
and VI antagoni~ed the action of serotonin on the 
isolated rat fundus. Compound \'I appeared 
to be the  most potent antagonist tested, showing 
inhibition at concentrations as low as 1.4 mcg./ 
ml. and a n  ED50 of 2.2 mcg./ml. Compounds 
I1 and I were effective antagonists of serotonin, 

1 Melting points and boiling points are uncorrected. 
Analyses by Gal- Infrared data from a Beckman IR-8. 

braith 1,aboratories and Weiler & Strauss. 
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mole) of ethyl 3-(N-metliyl~N-p-nictl~oxyplienyl- 
amino)propionate and stored with occasional shak- 
ing in a refrigerator for 10 days. Thc supcrnatant 
liquid was thcn decanted from the semisolid mass, 
a frcsh 25-ml. portion of ammonia added, and the 
mixture allowed to stand an additional 3 days. 
The supernatants upon chilling to 0" yielded crude 
amidc which was combined with additional amide 
obtained by cold ether extraction of the semisolid 
mass. Rccrystallization from ligroin yielded fluffy 
white needles, 1n.p. 110-112". Obtained 1.0 Gm. 
(13f!&). 

And.-Calcd. for Cl1HlsN202: C, 63.46; H, 7.69; 
N, 13.46. 

3 - (N - Methyl - N - m - methoxypheny1amino)- 
propionamide (IV).-This simple amide was prc- 
pared in 1472 yield following approxiniatcly thc 
same proccdurc used for the puuu isomer. Kc- 
crystallized from water, m.p. 94.5-96". Amidc 
CO (str) 1670 cm. -l. 

Anal.-Calcd. for C11H16N202: C ,  63.46; H, 7.69; 
N, 13.46. Found: C, 63.66; H, 7.80; N, 13.27. 

3 - (N - Methyl - N - p - methoxypheny1amino)- 
propionic Acid Hydrochloride.-The hydrolysis of 
ethyI 3-(N-methyl-~~~-l;-p-methoxyphenylai~iiIio)p~o- 
pionate (10.0 Gm., 0.042 mole) was accomplished by 
refluxing with 50 ml. of 10% HC1 for 4 hr. The 
volume of watcr was reduced to  about one-fifth. 
The solution was allowed to stand overnight, where- 
upon 3.2 Gm. of pure, highly crystalline amino acid 
hydrochloridc, m.p. 159-160", was obtained. 
Evaporation of the remainder of the watcr and tri- 
turation of the solids with anhydrous ether yielded 
an additional 2.7 Gm. of pure product for a total 
yield of 57%. The salt recrystallizes well from ab- 
solute alcohol. 

ilml.-Calcd. for C,lHr&!lh'Oa: CI, 3 4.43. 
Found: C1, 14.19. 

3 - (N - Methyl - N - p - methoxypheny1amino)- 
N',N '-diethylpropionamide (V).--A solution of 10.2 
Gni. (0.049 mole) of N,i~-d-diethy~-3-bramopropion- 
amide, 6.9 Gm. (0.049 mole) of N-mcthyl-p-anisi- 
dine, 5.3 Gm. (0.05 mole) of anhydrous sodium 
carbonate, and 15 nil. of benzenc was hcated a t  
gentle reflux for 7.5 hr., and then allowed to  stand 
ovcrnight. The mixture was filtered, the solids 
waslied with ether, the combined filtrates freed of 
solvents, and distilled. After a large forerun, the 
fraction, b.p. 183-1.86" (0.09 mm.), was collected 
;is a yellow oil, amounting to 3.9 Gin. (30'$o). 
Tertiary arnide CO (str) 1625 cm.-'. 

Anal.-Calcd. for C16H~aNz02: C,  68.18; H, 
9.09; N, 10.61. Found: C, 68.35; H, 9.20; N, 
10.80. 

The HC1 salt was prepared crystalline hut was 
vcry hygroscopic. The picrate could not be ob- 
obtained in a solid form. Metliiodidc, recrystallized 
from absolute ethanol, m.p. 121-124', slightly 
hygroscopic. 
3 - (N - Methyl - N - m - rnethoxypheny1amino)- 

N',N'-diethylpropionamide PI).-.% mixture of 6.0 

Amide CO (str) 1670 cm.-'. 

Fou11d: C, 63.24; H, 7.76; N, 13.23. 

my 1.5396. 
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Gm. (0.044 molc) 01 N-rrictliyl-in-atlisidinc, 9. I Gm. 
(0.044 mole) of N,N-dicthyl-3-bromopropionamidc, 
4.6 Gm. (0.044 mole) of anhydrous sodium car- 
bonate, and 15 i d .  of benzene was heated at gci i tk  
reflux for 5 lir. The mixture was cooled, filtcred, 
the frccd solids washed with benzene, and the com- 
bined benzene filtrates dried over sodium sulfate. 
After removal of the solvent, the residue was dis- 
tilled and the fraction collected, b.p. 173-181" 
(0.09 mm.). Obtained 4.3 Gm. (37%) of a yellow 
oil, tty 1.5448. Tertiary amidc CO (str) 1629 
cm. -l. 

Anal.-Calcd. for ClsH2aN~Oz: C, 68.18; H, 
9.09; N, 10.61. Found: C, 68.03; H,  8.98; pi, 
10.71. 

The HCI salt could not be preparwl in a solid 
state. The picrate was crystallized, after 5 days 
standing, from ethanol, m p .  125-127". Metliiodidc 
from ahsolute ethanol, m.p. 108-11l0, hygroscopic. 

PHARMACOLOGY 

Wistar rats of both sexes (100-150 Gin.) were 
fasted for 24 hr., killed by a blow on thc hcad, and 
the stomach removed. The fundus was removed 
and cut into a strip by opening thc tissuc along the 
lesser curvature and cutting to preserve the longi- 
tudinal muscle as described by Vane (6). Thc 
fundus strip was suspcndcd in a 10-ml. muscle bath 
containing modified Ringer solution (7) (Gm./L. : 
NaC1, 9.0; KCl, 0.42; CaC12.2H20, 0.06; Na- 
HCOa, 0.5; and glucosc, 0.5) maintained a t  37" 
and oxygenated with pure oxygen. 

The strip was permitted to stretch in the organ 
bath for 1 hr., after which the minimum amount of 
serotonin required to give a response of 4-5 cm. 
was dctcrmined. This varied from 0.1-1.0 ng./ml. 
of bathing solution. This amount of serotonin was 
added to thc bath a t  6-min. intervals and the tissue 
washed twice between doses. Threc equivalent 
responses to srrotonin were followed by the addi- 
tion of a known quantity of the drug, dilutcd in 
normal saline, 1 rnin. beforc the tiext addition of 
scrotonin. If inhibition occurred, tlie tissuc was 
washed until recovery was noted, and two equivalent 
responses to serotonin were recorded beforc thc 
tissue was used for anothcr test. Four different 
doses of each drug were selected so that tlie highest 
dose gave a complete blockade of serotonin and the 
lowest a 5-109; blockade. The volume of each 
dose was less than 0.4 ml. 
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