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substitution in the phenyl ring decreases the psycho- 
tropic activity. In contrast, thienyl instead of phenyl 
promotes activity. Thus 16a was considerably more 
active than 7a when compared on a weight basis. 

-\1so3 variation of the aminoalkj 1 group alters the 
phaimacological activity of the molecule. For example, 

S-methylamino- (l), N,N-dimethylamino- ( 5 ) ,  and 4,4- 
dimethylpiperidino- (14) analogs were considerably less 
active than the N-ethylamino derivative (3) or 7 itself. 
Quaternization (7c) renders 7 totally inactive, even 
when administered intracerebroventricularly in order to 
by-pass the blood-brain barrier. 
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Synthesis and biological activities of a series of 3-tropanyl 2-arb-lacrylates and a series of 3-t ropanyl 2-aryl- 
hydracrylates are described. The acrylates had spasmolytic activity without anticholinergic effect. In  contrast 
the hydracrylates did not show this separation. 

Since the advent of synthetic anticholinergic spas- 
molytic drugs, there has been an intensive effort to 
discover agents with lessened anticholinergic (dryness 
of the mouth, blurring of vision, urinary hesit'ancy) 
side effects. Though a papaverine-like or musculo- 
tropic kind of spasmolytic action has been sought', 
papaverine and its analogs have not' been very useful 
clinically because of their poor oral efficacy and cardio- 
vascular side effects. In 1958, Bachrach, summarizing 
the literature on anticholinergic drugs, concluded t'hat 
none of the synthetic agents exhibited specificity for 
any particular organ function or segment of the gastro- 
intestinal tract. Further, he noted that there was no 
single anticholinergic of choice for any gastrointestinal 
disturbance unless it is atropine or belladonna because 
of low cost. Five years later, Friend concluded that 
atropine and belladonna were in "no immediate 
danger of being replaced" by new synt'hetic  agent^;^ 
the situation is little changed today. 

A major objective of synthetic work in this area 
has been to separate the side effects from the desired 
antisecretory and antispasmodic effects. Many dif- 
ferent struct'ural variations in both the tropic acid and 
tropine moieties have been made wit'h atropine, but. 
none have completely eliminated the side effects. 

E'or t,his study we wanted to determine if this separa- 
tion could be achieved by substitution in the benzene 
ring of atropine. The intermediate t'ropic acids (Table 
I) were prepared from the appropriately substituted 
phenylacetic acids by the method of Blicke, et al.,4 in 
varying yields. For the est erificat'ion step available 
lit'erature suggested that the known sequences leading 
to atropine gave only moderate yields. For example, 
p-fluoroatropine, the only report'ed nuclear-substituted 
atropine, was made in '267, yield by Berger, et al.,j 
using a modified Wolff enstein and llamlock6 procedure. 
One possible reason for this  lo^ yield was thought to 
be the absence of a solvent in the esterification step. 

(1) Presented before the Division of Medicinal Chemistry a t  the 166th 
National Meeting of the American Chemical Society, Atlantic City, N. J., 
Sept 1968. 

12) W. H. Bachrach. .Im. J .  Diges t .  Diseases, 3, T43 (1958). 
(3)  D. G .  Friend. Clin. Pharmacol. Therap. ,  4 ,  555 (1563). 
(4) € .  F. Blicke, H. Raffelson, and B. Barna, J .  .Am. Chem. Soc., 74, 253 

(I'J.52). 
( 2 )  It. S. Berger, .1. E. Jacoliioii, and .1. .1. Kondritzer, J .  O r g .  Ciiem., 

22,  4.il (10.57).  
(Ci) R .  Wolfieiiateiii and L. hlamlork, Ctiem. Ber., 41, 723 (leos). 

I n  our work when dry pyridine was added the 
product was the corresponding acrylate I; in contrast, 
when dry DJIF was used and then acid hydrolysis of 
the protective 0-acetyl group, it gave the expected 
hydracrylate I1 (see Chart I). This facile dehydration- 
deacetylation reaction in the related acylscopolamines 
has been studied in detail by Garrett,' who found that 
it occurred during basic, but not acid, hydrolysis. 

The pure hydracrylates (Table 11) were obtained in 
modest yields. It is of interest that Schmidt, et al.,s 
have modified this procedure using microquantities of 
tropine hydrochloride and 0-acetyltropic acid chloride, 
to give pure atropine in reproducible yields of 7OyG,. 

Experimental Section 
Where aiialyseh are indicated by elements only, the analytical 

results obtaiiied for those elements were within &0.4%, of the 
calculated values. 

Chemistry.-Melting points were determined in open capillary 
tubes using the Thomas-Hoover Uni-Melt and are Iincorrected. 

Substituted Phenylacetic Acids.-2-Chloro-, 3-chloro-, and 
4methylpheiiylacetic acids were available commercially. 4- 
Chloro- and 4-bromophenylacetic acids were prepared from the 
nitriles by acid hydrolysis.9 2,6-I)ichloropheii~-lacetic acid was 
prepared from the nitrile in 52Yc yield by saponification with 
KOH iii ethylene glycol. 4-t-Butylphenylacetic acid was pre- 
pared bl- cai,hoiiating the Grignard reagent of 4-t-butylbenzyl 
chloridelo which was prepared from t-butylbeuzeiie. 

Tropic acids (Table I )  were prepared by adding CHZO to the 
Ivanov reagent prepared from the appropriately substituted 
phenylacetic acid and i-PrSIgC1 according to Blicke, et 

2-(4-Trifluoromethylphenyl)-2-hydroxypropionic acid was pre- 
pared by the general method used by Skerrett and Woodcock." 
A Grigiiard reagent was prepared by adding 246.5 g (1.09 moles) 
of 4-bromobe1izotrifl~ioride to 26.6 g (1.09 g-atoms) of 3Ig in 
Et20 and 10 drops of 3 ,I1 EtSlgBr in 2 hr Tvith stirring. The 
solution was heated a t  reflux temperature for 1.5 hr and cooled 
with ice water. PyrIivic acid (32 g, 0.365 mole) in E t 2 0  (100 nil) 
was added in 45 miu, and the mixture was heated at reflux 
temperature for 20 hr, cooled to ,j0, and decomposed with 105;; 
H2S04. After filtratioii through Filtexel, the organic layer was 
collected and extracted with 10yc SaOH. Acidification %ith 
HCl and extraction (EtZO), gave after drying aiid evaporation of 
the E t D ,  a residue which, oii recrystallizatioii from CsHa-hexane, 

(T) E. R. Garrett, J .  . lm.  C h e m  Soc., 79, 1 0 T 1  ( 1 9 5 2 .  
( 8 )  G. C. Schmidt, T. E. Eling, and J .  C. Drach, J .  Pliaiin. Sci.. 56,  231 

( l ' J 6 i ) .  
(9) H. Gilman and A .  H. Blatt, "Organic Sj-ntlieses," C'oll. Vol. I .  2nd 

ed, John V'iley & Sons, Inc., S r w  Tork, X. T., 1944, I, 436. 
(10) E. E. Royals and R .  X. I'rasad, J .  d m .  Chem. Soc., 77,  1646 (3933). 
(11) E. J .  Skcirctt and D. TI-oodcock, J .  Chem. Soc., 2803 (1932). 
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TABLE I11 
3-TROP.INYL 2-ARYLHYDRACRYLSTIdS 

Hecryatn 
Compd R hlp ,  O C  solvelit'" % 1:orniulad 

17 4 4 1  189-190 I 12 .4  Ci jH2&lX03 CeH&OaSC 
18 4-Br 97-98.5 J 24.8 CL7H22BrN03 
19 4-CHg0 92.5-93.5 
20 4-CH3 110-1 11 K 13.3 Ci8H25N0se 

J 29 C M H ~ ~ N O ~  

a See footnote a of Table I. b Yields are of pure product. Hexamate. A11 compounds were analyzed for C, H, N. e C: calcd, - -  
71.26; found, 71.77, 72.00. 

bromide3 (20 g, 0.09 mole) and dry pyridine (35 ml) were added, 
and the mixture was heated on the steam bath for 1 hr. After 
cooling, H20 was added and the product was collected and 
recrystallized (H20) to give the crude HBr salt. I t  was con- 
verted to the HC1 salt via the free base. 

3-Tropanyl 2-Arylhydracrylates (Table III).-The general 
esterification procedure as described above was used, but 20 ml of 
dry DRIF, instead of dry pyridine, was added to a 0.1 mole run. 

Pharmacological Methods.-The drugs were administered 
orally by stomach tube in all cases. 

Minimum Lethal Dose and Observation of Overt Effects.- 
G ~ o L ~ ~ s  of three mice were administered various doses of test drug. 
Observations for behavioral changes, impairment of reflexes, 
mydriasis, and lethality were made. The lowest dose causing 
death was defined as the NLD. Measurements of pupil diameter 
served to indicate possible anticholinergic activity. 

(a )  A modification of Janssen's method 
was ~ s e d . 1 ~  Potency was expressed as the dose that reduced the 
5-hr fecal pellet count in mice by 50y0 as compared to a control 
group (ED,o). (b)  Inhibition of charcoal meal transit in rats14 
wah used to study 9 and atropine. The per cent of small intestine 
traversed by the "head" of the meal was calculated for each rat. 

Anticholinergic Effects.-The method of Pulewka as modified 
by Ing, et al,,I5 was used to quantitate mydriatic activity. 
Groups of five to ten mice were used and pupil diameter wa9 
measured in arbitrary units a t  15-30-min intervals for about 5 hr. 
Potency was expressed as EDL,~, the dose that increased pupil 
diameter by 6 units. Antisalivary activity was studied in some of 
the compounds, particularly those with mydriatic activity, by 
using all-or-none blockade of furtrethonium iodide induced saliva- 
tion in mice. The ED50 was the dose that protected 50% of the 
mice. 

Spasmolytic Activity. 

Results 
The pharmacological results are shown in Tables IV 

and V. The hydracrylate derivatives showed effects 
qualitatively similar to those of atropine. There was 
no indication that para substitution reduced mydriatic 
on antisalivary effects without a corresponding decrease 
in spasmolytic potency. The substituted compounds 
differed from atropine mainly in potency. The halo- 
substituted compounds 17 and 18 were slightly more 
potent, while 19 and 20 were about one-tenth and one- 
fourth as potent, respectively. Additionally, the halo- 
substituted compounds had a more prolonged mydriatic 
effect than atropine (see Figures 1 and 2 ) .  

I n  marked contrast to atropine and the hydracrylate 
derivatives, the acrylates were characterized by a 
lack of anticholinergic effect as measured by pupillary 
changes. Also antisalivary activity, tested on 9, was 
reduced more than 100-fold compared to the hydracryl- 

(13) P. A. J. Janssen, 4 .  H. Jageneau, and J. Huyens, J. Med. Pharm. 

(14) D. I. Macht and J. Barba-Gose, J .  Am. Pharm. Assoc., 20, 556 (1931). 
( I > )  H. R. Ing, G. S. Danes, and I. Wajda, J. Pharmacal. E z p .  Ther., 

Chem., 1. 299 (1969). 

85,  65 (1945). 

TABLE IT' 
LETHAL, SP.ishioLY~iTic, A N D  ASTICHOLINEHGIC EFFECTS I N  X I C E  

Dose, mg/kg PO 
Fecal 

(free base) MLD EDso EDAS EDsa 
Compd Mouse pellet Xydriasis hntisialogog 

9 200 18.2 None >40 
10 135 42.4 a b 
11 512 76.6 a b 
12 545 >91.0 312c b 
13 384 43.0 None b 
14 200 54.0 a b 
15 128 37.3 Yone b 
16 256 >40.5 None b 
17 512 1 . 0  0.92 0.44 
18 1024 1 . 3  0.58 0.33 
19 1024 22.4 14.0 3 . 6  
20 1024 10.2 4 . 4  2 .6  

Apoatropine 300 28.6 119.0 37.6 
Atropine 620 2 . 5  0.88 0.59 

a Only a t  lethal doses. N o t  t,ested. Slight mydriasis. 

MYDRIASIS IN MICE 
a 

O =  COMPOUND 18 1 rng/kg 

C =  ATROPINE 1 3  r n g / k g  
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Figure 1. 

ate parent compound, atropine. Despite this lack of 
anticholinergic effect, all of the compounds had some 
degree of spasmolytic activity, though none were as 
potent as atropine. Even more important, however, 
is the virtually complete separation of antisalivary and 
mydriatic properties from spasmolytic properties in 
the acrylate series, a separation that has not been 
achieved with atropine or its analogs. 

Of the 4-substituted acrylates, the chloro compound 
was the most potent, followed by the t-butyl and 
bromo compounds which were almost equipotent. 
Of the chloroacrylates, the 4-chloro derivative was the 
most potent, followed by the 3-chloro-2-chlor0, and 
2,6-dichloro analogs in that order. 
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Flglil? 2.  

'Ylic 4-halo-subhtituted coinpouiidi 9 arid 13 had t l i c1  
largci-t heparation bet\\ eeii +pa-molytic :id lethni 
(IffPCti, 9 w i i i  :ilso thc  riioit potent and n-ai tc-trti 
f urthcr in coinparison to :itiupinc'. Compound 9 iva- 
iiot mydriatic in inice a i i t l  i x t  -. w l i i l c  :it ropiric had :I 

Gnlogogic activity of 9 w:i\ \ICA i i i  micc. le+ thurl 
that of :itropinc ('ompound 9 a- about oiic-seventh 
:I- potent :I- :itropine in thc teed pellet te-t. In thv 
ch:irco:il ineal te-t (-CY> 'l'ahlc V ) ,  thc c>ffect- of thc trio 

c quite differmt Altropinc produced :I 

maximuin of :thout .SOc, inhihitioil at 200 :d 400 
iiig kg, while 9 produced inhihitioil ranging from -1-2 
to 9 4 9  at h i e s  of 94-lh5 rng Lg. 

Yon Oettiiigen16 pointed oii t  t h t  the pira-yni- 
patholytic :xtioii of' :itropiiir uid it- malogs \\ :I- 

poterit effect :1t do-e- of 1 mg kg or 1 me : i l l~  

Arundo donax L. (Grarninae). Phytochemical and Pharmacological Evalua Lion 

k'ive iiidole-8-alk!.lariiiiie liases, vii., S; S-clirnethyltrypt aliiirie, 5-niet hosy-X-nie1 hylir>.pialnine, Irufoteniiie. 
dehvdrohufotenine, and bufotenidine, w x e  isolated from the rhizomes of -1  riirtrio r1ona.c I,. This is the first 
reported occurrence of hufot enidine and dehydroliufiitenine in :i plant species. .i defatted ethanoliv estrart of 
the rhizomes prodwed hyp(iten;iive and ant ispasniodic etf'erts again~t histamine-, serotonin-, and aretylcholine- 
induced spasms. Bufotenidine showed three main pllarmac~ologic.al a('tions, r i z . ,  antinc,etylch(iline eft'ect which 
appears t o  he more specsifir against skeletal muscle t hnn against musc*arinic sit e*, h i p t  amine release, and uterine 
stimulant. S o n ?  iif these nrtions of this compound had heen reported prrviouely. 

. l r u t d o  dor1a.r I,. (Grarriznue), :L tall, stout. pereiiiiial 
diriii), oftrw woody below, is -\viclely distributed iii 

Iiiclia. -1 cltwwtion ot its rhizomes has heeii used in the 
.iyurvctlic. system of medicine1 as an emollient aiid 
cliurrtic ~ i i d  is said to stimulate menstrual disrharge 
:i11(1 to  tliiiiiiiish thc secretioii of iiiilk. 

k'roni t tic. Irvives of this dirub! ?\ladiiiaveitia p r e ~  i- 

orisly reported2 the isolatioii of thrce iiiclolic bases, P~Z.. 
clo~iaxariiit~, ('ll3Hl8S2OL, 1111) 217 ', gramiiie. aiicl a i l  


