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(20 g.) was added and the stirring and warming continued for an 
additional 30 min. The hot solution was filtered, the filtrate 
cooled with ice and made alkaline with ammonia. The mixture 
was extracted with chloroform; the extract was washed with 
saturated sodium chloride solution, dried over sodium sulfate 
and taken to dryness in vacuo. The resultant dark viscous oil 
waa chromatographed on a Woelm no. 1 neutral alumina column 
(125 g., 2.5 cm. diameter) prepared in benzene and using benzene 
as eluent. The product was obtained as a pale yellow oil, 
which was crystallized from 6 AT aqueous hydrochloric acid as a 
powdery white solid (7.73 g., 50.17'). Recrystallization from 
methanol-ethyl acetate yielded an analytical sample, m.p. 255' 
dec. as white needles; A:::" 2 i O  mp (log t 4.27), 282 mp (shoulder 
log e 4.19). 

Anal .  Calcd. for C17HlsClY: C, 75.13; H, 6.68; N, 5.15; 
Cl, 13.05. Focnd: C, 75.12; H, 6.46; N, 4.95; C1, 13.25. 

Pschorr Ring Closure Using Precursor Obtained with Tin- 
Hydrochloric Acid.*'--Nine runs were made, which were com- 
bined at  the indicated point for product isolation. To a cold 
stirred mixture of dihydrochloride [ 10.0 g., 0.032 mole, using the 
assumption that it is a 1:  1 mixture of 1-(2-aminobenzy1)-2- 
methyl-1,2,3,4-tetrahydroisoquinoline dihydrochloride and the 
corresponding ( 1-( 5-chloro-2-aminobenzyl) compound], ice ( 100 
g.), sulfuric acid (5 ml.), and water (145 ml.) there was added 
gradually a solution of sodium nitrite (2.14 g., 0.031 mole) in 
water (15.5 ml.). The solution was kept a t  0" for 1 h:.; copper 
powder (10 g.) was added and the mixture kept a t  0" for 1 hr. 
and then at  26" for 20 hr. The mixture was filtered and the 
collected solid and the resulting liquid filtrate were processed 

separately. In our hands, it was convenient to combine a t  this 
stage the products of 9 identical experiments. The solid ma- 
terial was suspended in ammoniacal aqueous ether and then 
filtered; any insoluble residue was discarded. The ether 
layer was separated and the aqueous solution was extracted 
repeatedly with fresh ether. The combined ethereal extracts 
were washed with saturated sodium chloride solution and dried 
over sodium sulfate. Removal of solvent in vacuo yielded a pink- 
ish, crystalline product (16.1 g.). Recrystallization from meth- 
ylene chloride-95y0 ethanol produced an analytical sample as 
white prisms, m.p. 125.5-126.5'; Aft:" 276 mp (log E 4.35), 304 
mp (shoulder, log t 3.65). 

Anal .  Calcd. for CnH&lX: C, 75.71; H, 5.93; N, 5.19; C1, 
13.14. Found: C, 75.70; H, 6.14; N, 5.31; C1, 13.27. 

The filtrate was treated with zinc dust (45 g.) and hydrochloric 
acid (125 ml.), vigorously heated on the steam bath for 20 min., 
filtered and made alkaline with aqueous ammonia. The mixture 
was extracted with ether and the organic extract washed with 
saturated sodium chloride solution and dried over sodium sulfate. 
Removal of solvent in vacuo yielded a viscous oil (16.7 g.). No 
pure compound was isolable from this material by chromato- 
graphic or crystallization procedures. 
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The pharmacological properties of reserpine analogs containing phenethylamine moieties are described. 
most interesting pharmacological effects found are blood pressure depression, spasmolysis and adrenolysis. 
discussion is given of the structure-activity relationship. 
structure-activity relationships than normally found in aminoalkyl esters. 

The 
A 

A new class of spasmolytics is described with other 

The natural alkaloid reserpine shows various interest- 
ing pharmacological actions.2 It was of interest to 
investigate which, if any, pharmacological properties 
of reserpine are retained in compounds that are simpli- 
fied models of this alkaloid. I n  previous publica- 
tionslaIb we have given a survey of the literature of the 
synthesis of reserpine analogs. We also have given 
the reasons why we have prepared phenethylamine 
derivatives in which some features of the reserpine 
structure are retained. The synthesis and the physical 
data of those new compounds have been described in 
detail. This article now describes the pharmacologi- 
cal investigations of these compounds and their struc- 
ture-activity relationships. The compounds described 
may be considered as derivatives of four basic struc- 
tures (I-IV). They differ in many respects from res- 
erpine, but all contain the phenethylamine structure. 

These four basic structures were varied by substi- 
tuting several groups in the phenyl group, a hydroxyl 

(1) (a) T. Kralt, H. D. &toed, 1'. Claassen, Th. W. J. Hendriksen, A. 
Lindner. H. Selzer, F. Brdcke, G. Rerttinp, and G. Gogolak, Nature, 188, 
1108 (1060): (b) T. Kralt, W. J. Asma, H. H. Haeck, and H. D. Moed, 
Rec. trou. chim., 80, 313 (19G1): (c) T. Kralt, W. J. Asma, and H. D. hloed, 
ib id . ,  80, 330, 431, 932 (19G1). 

(2) R. E. Woodson, Jr., H. W. Youngken, E. Schlittler,and J. A. Schneider, 
"Rauwolfia: Botany. Pharmacognosy, Chemistry and Pharmacology," 
Little, Brown and Co., Boston, Toronto, 1957. 

Y 

\ pN OCH3 

( ' 1  

I1 

\ 
OCH3 

group at  the @-carbon atom (P-phenylethanolamines) 
and a methyl group at  the a-carbon atom (P-phenyl- 
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isopropylumines) . Ti7t> also altered thc alkylenc chain- 
ht.twen the nitrogen and the oxygen atom, introduced 
other substituents a t  the nitrogen atom and replaced 
the trimethoxybenzoic acid ljy other acids. The 
structures of thc compounds arc listed in Tables 1-111. 
The compoundh m r c  investigated with regard to several 
pharmacological properties, since‘ it was uncertain 
n-hethcr the properties of reserpine \ \ o d d  still be found 
in thew stru(*tur(Jh. Furthermore, phenethylamine 
ckrivntivr.; with some +tnwtural analogy to reserpine 
might also shon- other interesting pharmacological 
propwtiw. 

Methods 
Estimation of the A.D.C.3 on the Blood Pressure of Rats.- 

Glaxorats (180-240 g. 3 and 0 ) were anesthetized with urethane. 
The blood pressure nas measured from the carotid arterv b~ 
incans of a mercuri- manometer. F;:trh conipound 11 as tested ni 

at least 3 doses (dose increment 2'1 The loaest dose had to 

I x2 \\'t.:1k 
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(b:i!is(t :t lo\wriiig of t l i t h  l)loocl prctssiirc I ) ) ,  1 5 2 0  i i i i i i .  Tiit. ani- 
rn:ds \\'ere used for oii(' coinpound only. 'rhr I)lootl pressurc 
lowring activity is c,sgrcwed as the -1. I).(:., i.?., the product of 
the rnusirnum lo\vering of the blood pressure (in mm.) and thc 
tiine interval of the depression (in niin.) divided by tnice the 
dose (in nig./kg.!. The A.D.C. values for mch dose \verv 
estimrtted in :Lt 1e:ist 3 animals. In the tables the :trithmetic:il 
means are givcii. 

Antispasmodic Activity in uitro.--The in z'itro sp:isrnl!lylii, 
activity was tieterniined :tcwmling to the method of A ' I : q p i ~ s .  

merits of 2-3 cni .  length of the ileum of the guinea pig (250 
450 ;$.) \\-ere silspended i i i  ouygenatecl Tyrotle sol~itirm :it 37". 
Sitbninxini\ini cwntrac,tiiiiis with RaCl,! anti with c,:Lr~):tni?.I(.tiolinc. 
n w c  c~volicxi evcry :% niin. Thr  drug x i s  added to  t,hr h t , h  :3i) 
s w .  hefore thr :ttltiition of the spasmogrn. Determination of t h t s  
activity \vas carried n u t  by comparing t,he reduction of t,hc, 
spasniogenic coritrnc caused ljy 2 doses of the componnd i i i  

question with thc. (1 e c:iused by papaverine. The relative. 
:tctivitios statc(l :tr(b i i i ~ w i  values of a t  least two sepnrtitv 
dt~trrniination~. 

Adrenolytic Activity. .Tlic iti vitro :ttlreiiol>.tir :tctivit>. \I iis 
)Ieeii. These \Yere susli~i~lecl 

(1) R .  \raenrl.. /'.tircnr.,.q . I , , - / , .  YPS. P ~ ( , . T z ~ , ,  loa,  I?:< r i m ) :  103, ,->I.-* 
~ l r l ( l $ )  
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TABLE I1 
ACTIVE SPASMOLYTICS 

27 
28 
29 
30 
3 1 
32 
33 
34 

35 3,4-(CHaO)z -( CH2)r :3,4,5-( CH,O)jCsH2- 
36 4-CH30- -(CH2)4- 3,4-(CH3O)zCsH3- 
37 3-CH30- -( CHg)r ;%!4-( CH3O)zCoH3- 
35 3,4-(C&O)z -(CHI),- 3,4-(CH30 jzCcH3- 
39 4-CHsO- -( CHz) r  3,4-(CH30)2CsH3- 
40 4-CHsO- -(CHz)r 4-CHsOCsHd- 
41 3,4-(CH3O)2 -( CHz)r  3,4,5-(CzH,O)3C,H,- 

~-RCBH~CHRICH(CHB)-N(~-CIH;)(CH~)~OCOC~H~(OCH~)~-~,~,~ 
R Ri 

42 CHBO- H 
43 HO- H 
44 HO- HO- 

45 4-CgHsOCOCsH,( CH,),S( C,H,)( CH,),OCOCsHz- 

46 C~H~(CH~)~N(CHI)(CH~)~OCOC~H*(OCH~)~-~,~,~ 
(OCH3)3-3,4,5 

47 ~ - C H ~ ~ C ~ H I C H Z C (  CH3jZN( C,Hs)( CH2)40COC6Hz- 
(OCH3)3-3,4,5 

in oxygenated Ringer solution containing epinephrine tartrate 
(2 .5  y of epinephrine ml.). The drug was brought into contact 
with this preparation for 20 min. The relative activity vas 
calculated from the relaxation caused by the test compound 
compared with the effect of a chosen standard compound (Table 
111, no. 53). This standard possessed 5% of the activity of 
dihydroergotamine tartrate. 

I.P. Toxicity by Way of a Two-Point Test.-The toxicity upon 
i.p. administration was determined in albino mice ( 3  and 0 ,  
weight 18-22 g.). Of each compound two doses were tested in 
10 mice. The lowest dose caused a mortality of less than 50%, 
the highest a mortality of more than 50%. The LDso was 
determined graphically. 

Spasmolytic Activity in the Isolated Ileum of the Rabbit.- 
The in z'itro spasmolytic activity on the ileum of the rabbit was 
determined in the intestine, which was kept in a state of constant 
rontraction by means of a spasmogen. To this end, segments of 
the ileum of t'he rabbit were suspended in an oxygenated Tyrode 
solution a t  a temperature of 37", which solution contained 1'34 
of BaCl? or 0.001 70 of carbamylcholine chloride, respectively. 
The spasmolytic activity against papaverine was established in 
a Latin square, using always 4 ileum segments of the same 
experimental animal. From these data the relative activity was 
determined graphically. 

Spasmolytic Activity on the Cardia on the Vagotomized Rab- 
bit.-This determination vias carried out according to the method 
of Brucke and Stern.5 Papaverine vas  used for comparison. 
The relative activity was determined as a means from the re- 
sults obtained in at least 3 rabbits. 

Results 
'I'he compouiids listcd have several interesting 

properties, especially as depressants, antispasmodics, 
arid adrenolytics. A number of compounds also have 
l)ronc*hodilator avtivity. These activities as well as the 
LDbo i.p. in mice, arc summarized in Tables 1-111. 

( 8 )  F. T Brticke and P. Stern,  Arch.  e x p .  Path. Pirarmakol., 189, 311 
(1988). 

Guinea pig ileum 
Car- 

bamyl- 
choline BaClz 

LD.C.3 (Pap. (Pap. 
(rat) = 1) = 1) 

116 50 2 . 5  
14 125 4 
61 95 7 

150 95 3 5  
36 125 4 
47 260 8 
98 95 2 5  
30 150 4 

(0.1 X atropine) 
41 75 4 
52 125 4 
80 190 10 
31 100 3 
24 125 4 
54 125 3 
30 75 3 . 5  

14 125 4 
1283 50 1 . 5  
223 50 5 

S6 55 2 

105 55 2 
59 65 3 

Table I lists the 

-Rabbit ileum-- 
Car- 

hamyl- 
choline 
(Pap. 
= 1) 

5 
4 
2 

12 
3 
2 
8 

22 
21 
4 

24 
2 

5 . 5  

3 .1  

3 . 7  
1 . o  

BaCh 
(Pap. 
= 1) 

3 0  
4 . 0  
2 .0  
1 8  
2 . 6  
3 .8  
2 . 5  

3 . O  
2 . 5  
3 . 4  

2.0 
1 . 3  

1 . 7  

<1.0 

3.0 
<1.0 

In vivo 
cardio- 
spmrns 
(Pap. 
= 1) 

2 
I 

1 
2 
1 

3 

3 

2 

more active dewessants 

LD60 
i.p. 

mg./kg. 
(mice) 

75 
160 
150 
60 

220 
130 
110 
150 

150 
150 
180 
200 
200 
180 
250 

215 
110 
30 

70 

55 
180 

(A.D.C. 
above 150). These substances also were tested on 
anaesthetized cats. The more active spasmolytics 
(neurotropic above SOX and musculotropic above 
1X papaverine) hare been summarized in Table 11. 
They were also tested on the isolated rabbit ileum; 
several of these compounds were examined in vivo 
by the cardiospasm methcd. The low adrenolytic 
activities of these compounds are not reported. 

The compounds in Table I and I1 are divided in sub- 
groups, which differ in one or two chemical respects 
only. This farilitates comparison of compounds for 
structure-activity relationships. In  Table I11 a num- 
her of compounds is brought together, which may 
illustrate our remarks on structure-activity relation- 
ship. 

Discussion 
Concerning the depressant activity, several con- 

clusions may be drawn regarding the chemical 
structure of these compounds. From Table I it is 
apparent that the more active blood pressure-lowering 
substances are tertiary phenethylamine and 0-hydroxy- 
phenylisopropylamine derivatiyes. The substituents 
at thc amino-group preferably should be an ethyl or 
propvl group (compare compounds 4, 5 ,  and 22 with 
3-56) and an alkanol group esterified Kith an alkoxy- 
benzoic acid. ii combination of particular structural 
features is apparently favorable for depressant activity. 
Departure from the phenethylamine structure leads to 
clearly diminished activity (compare compound 4 with 
compounds 28 and 48-52) just like substitution with 
alkoxy1 groups other than by o-methoxy (Table 11). 
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Also the distance between the amino and hydroxyl 
group is important. For distances of two or six methyl- 
ene groups, depressant activity diminishes markedly 
(compare compounds 1 and 4 with compounds 57 and 
58). The compounds which are not alkoxybenzoate 
esters have as a rule a decreased activity (compare com- 
pounds 4 and 13 with compounds 59-66). Perhaps the 
p-aminobenzoate is an exception to this rule (com- 
pound 14). 

The musculotropic spasmolytic activity, measured 
against barium chloride, is larger for most of the com- 
pounds than that of papaverine; some of the important 
csccptions are the dialkylamino compound 48, the non- 
esterified amino alcohol 67 and those esterified byalkane- 
carhoxylic acids (61, 62) with activities less than 0.5 X 
papaverine. With regard to the spasmolytic activities 
against carbamylcholine, a relatively low neurotropic 
spasmolytic activity is observed when the aralkyl 
group is not substituted (Table I). Substitution of 
two hydrosyl (21) or three alkoxy1 groups (68, 69) 
lends to diminished activity cdompared with the com- 
pounds substituted with one hydroxyl or one or two 
methoxy groups. Especially tertiary P-alkosyphenyl- 
isopropylamine derivatives are active antispasmodics 
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(Table 11). The 
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Id reno ly t i c  
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(LPd. 33 = 1 )  

\Teak 
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We:tk 

0.C; 

Weak 

1 
1 7  

Weak 
0 2  

Weak 

0 .2  

Weak 
Weak 
Weak 
Weak 
Keak 
0 5  
0 7  

Weak 

Weak 
Weak 

\Vedk 

\VCZ&k 

1'01. I i  

L D O O  
i.p 

m g . / k .  
(mice) 

180 
100 
220 
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"SO 

120 
5 5 

680 
;o 

5-10 

i 70 
7 0 

220 
170 
:300 
100 
1!10 
260 

I20 
130 

170 

"SO 

substituents at the amino group 
should be an ethyl or propyl group (compare compounds 
53, *56, and 19 with 4, 22 ,  and 18 respectively) and 3, hy- 
droxyalkyl group of a t  least four carbon atoms (compare 
compound 70 with compounds 28, 32, and 34) esterified 
by an alkoxybenzoic acid. The influence of the acyl 
group is not always very specific (compare compounds 
4 and 13 with compounds 60-66), though it is clear 
that  the free amino alcohol has little activity (67j, 
whereas the mono-, di- or trimethoxybenzoates zrt' 
more active than the diphenylacetate (compare com- 
pound 71 with compounds 28, 36, and 40). On the 
whole it may be said that these compounds form a nen- 
rlass with spasmolytic activity of musculotropic as 
wcll as of neurotropic origin. The musculotropic. 
action is of a higher order (often 2-5 X that  of papaver- 
in(.) than that generally found in esters of amino alco- 
hols. The relationship between structure and activity 
is different from the normal relationship present in 
aminoalkyl esters. Thus the dialkylaminobenzoatcs 
have little artivity. Substitution of one alkyl group hy 
an aralkyl group causes an increase of both the musculo- 
tropic and the neutrotropic activity. Comparison of 
the K-ethylphenethylaminoethyl ester of diphenyl- 
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acetic acid with the diethylaminoethyl ester of this acid 
showed that the aralkylamino compound had a con- 
siderably reduced neurotropic activity. Other devia- 
tions are the length of the alkylene chain (here prefer- 
ably more than three carbon atoms; in the substituted 
phenylacetic acid series preferably two or three carbon 
atoms) and the other acids which give high activity. 
The 3,4,5-trime t hoxybenzoa te of p-die t hylaminoe t h- 

anol is, for instance, much less active than the cor- 
responding diphenylacetate ester. 

The phenethylamine derivatives with a small sub- 
stituent, e.g., a hydrogen atom or a methyl group a t  the 
nitrogen atom (53 ,  54) possess considerable adrenolytic 
activity. Especially piperidine (10-12) and p-hy- 
droxyphenylisopropylamine derivatives (18, 19, and 
25) are fairly active. 

Potent Decarboxylase Inhibitors. Analogs of Methyldopa 1 

M. SLETZINGER, J. 11. CHEMERDS, AND F. w. BOLLINGER 

Merck Sharp and Dohme Research Laboratories, Division of Merck & Co., Inc., Rahway, N .  J. 

Received June 11, 1968 

Two new classes of compounds analogous to ~-a-methyl-3,4-dihydroxyphenylalanine, formed by replacing 
the a-amino group with a-hydroxy and a-hydrazino groups, have been prepared. Comparison with the parent 
compound in the ability to inhibit mammalian DOPA-decarboxylase shows that both new classes are potent 
inhibitors. Of the compounds prepared ~~-~-hydrazino-or-(3,4-dihydroxybenzyl)propionic acid exhibits a 
potency in vitro approximately one thousand times that of the parent compound. 

I n  a search for hypotensive compounds related to 
L - CY -methyl - 3,4 - dihydroxyphenylalanine, two new 
classes of compounds were prepared. The new analogs 
can be pictured by substituting a-hydrazino or a- 
hydroxyl groups for the a-amino group of the parent 
compound. These compounds were used to test the 
hypothesis that  hypotensive action is paralleled by 
ability to inhibit mammalian decarboxylase. The 
synthesis of the a-hydrazino analog began with a 
Strecker reaction in which 1-(4'-hydroxy-3'-methoxy- 
phenyl)-2-propanone (1) was treated with aqueous 
hydrazine and potassium cyanide. This condensation, 
though reversible, succeeds because product (2) is 
sparingly soluble in the solvent. In  hot chloroform 
the hydrazino nitrile (2) reverts to starting materials. 

Hydrolysis of the hydrazino nitrile (2) is accom- 
plished in two stages. The nitrile moiety is hydrolyzed 
to an amide by fortified hydrochloric acid a t  -10 
to 0'. Efforts to crystallize the amide (3) as the hy- 
drochloride salt or free base did not succeed. The 
amide (3) was converted to the desired hydrazino 
acid (4) by refluxing with constant boiling hydro- 
bromic acid. Other methods of hydrolysis were tried 
but none proved to be as good. Substitution of dilute 
hydrochloric acid for constant boiling hydrobromic 
acid permitted isolation of the analogous 3-methox- 
ylated acid (5) .  ~~-a-Hydrazino-a-(3,4-dihydroxyben- 
zy1)propionic acid (4) was characterized as its benz- 
aldehyde derivative (6). 

The synthesis of the second class of analogs pro- 
ceeds from 1-(3',4'-dimethoxyphenyl)-2-propanone (7) 
which by the method of Davies, et a1.,2 is converted to 
2-(3',4'-dimethoxybenzyl)lactonitrile (8). Hydrolysis 
of the cyanohydrin (8) to the a-hydroxy acid (9) with 
refluxing constant boiling hydrochloric acid a t  at- 
mospheric pressure for 5 hours cleaved the methoxyl 
groups to some extent. The methoxyl group of 3- 
methoxytyramine is cleaved about 90% by hydrolysis 

(1) ALDOMET@. 
(2) A.  G. Davies, F. B I .  Ebeid, and J. Kenyon, J .  Chem. Soc., 3154, 

(19.57). 
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