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M p , ° C 

1 3 5 . 5 - 1 3 6 
136-137 
200-202 
2 1 9 - 2 2 0 . 5 
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a n d s u b s t i t u e n t d i s t r i b u t i o n a r e 

T A B L E I I 

A B Y L A C E T Y L ) I N D O L E S ( I I ) 

Yield, 

%b 

(pure) 

20 
32 
75 
52° 
19 

c o n s i s 

Inf rared , 
M ( C = 0 ) 

5 . 7 2 , 5 . 9 2 
5 . 8 0 , 5 . 9 5 
5 . 7 6 , 5 . 9 5 
5 . 5 1 , 5 . 9 0 
5 . 7 7 , 5 . 9 6 

F o r m u l a 

C ! e H 2 .NOi 
C ! 8 H.7NO! 
C a H u C U N O t 
C2sH ! 4BrCl!NO e 

C a H i i B r N O j 

. Calcd, % . 
C H N 

7 5 . 5 3 5 . 6 0 3 . 3 9 
82 .11 6 .64 3 . 42 
5 8 . 6 8 3 . 0 8 2 . 8 5 
5 4 . 1 3 3 . 8 9 2 . 2 5 
6 8 . 8 5 5 . 3 6 2 . 8 6 

. F o u n d , % 
C H 

7 5 . 7 2 5 .99 
8 2 . 2 0 6 . 8 3 
5 8 . 7 3 3 . 1 3 
5 4 . 1 7 4 . 0 6 
6 8 . 7 7 5 . 2 8 

tent in Table I and II. b Yield based on arylacetyl chloride. 

. 
N 

3 . 7 1 
3 . 4 6 
2 . 8 5 
2 . 2 7 
2 . 8 7 
cRe-

crystallized from aqueous acetone, the others from 95% ethanol. 

Ar 
5-Chloro-3,4-dimethoxyphenyl 
5-Chloro-3,4-dimethoxyphenyl 
2-Chloro-3,4-dimethoxyphenyl 
2-Chloro-3,4-dimethoxyphcnyl 
2-Chloro-4,o-dimethoxyphenyl 
2-Chloro-4,5-dimethoxyphenyl 
2-Chloro 4,5-dimethoxyphenyl 
2-Methyl-3,4-dimethoxyphenyl 

a All acids were crystalliz 
on azlactone. 
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ArCH2COX 
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m p ° C ° 

9 4 - 9 5 
1 1 4 - 1 1 5 . 5 ( 0 . 0 5 ) 
138-140 
1 2 5 - 1 2 5 . 5 (0 .12) 
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1 1 1 - 1 1 1 . 5 ( 0 . 0 5 ) 
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CicHioCliOj 
C11HHO4 

Calcd, 
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5 2 . 0 7 
5 4 . 0 0 
5 2 . 0 7 
5 4 . 0 0 
5 2 . 0 7 
5 4 . 0 0 
4 8 . 2 2 
6 2 . 8 4 
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4 . 8 1 
5 .36 
4 . 8 1 
5 .36 
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6 . 7 1 
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5 2 . 2 8 
5 4 . 2 8 
5 2 . 2 2 
5 4 . 2 1 
5 2 . 1 8 
5 4 . 2 8 
4 8 . 5 0 
6 2 . 8 0 

% • 
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4 . 9 7 
5 . 4 6 
4 . 9 0 
5 .39 
4 . 9 8 
5 . 8 5 
3 . 8 3 
6 . 8 3 

ether. h Yields based 

162° (3 mm);14c 3,4-methylenedioxyphenyl-, 79, 101-102° (1 
mm);»= 3-methoxyphenyl-, 70, 104-109° (2 mm). I4 f 

Acylation of Indoles via the Oddo Reaction. General Pro­
cedure.—A solution of 0.05 mole of indole (or 5,6-methylene-
dioxyindole or 5-bromoindole) in 25 ml of anhydrous benzene was 
added dropwise during 10 min to a vigorously stirred solution of 
0.05 mole of phenylmagnesium bromide, prepared in the usual 
way, in 50 ml of anhydrous ether. The resulting mixture was 
refluxed for 2 hr, then cooled to —10° in a Dry Ice-methanol 
bath. A solution of 0.05 mole of the arylacetyl chloride in 20 
ml of benzene was then added dropwise during 45 min while the 
temperature was maintained at —8 to —10°. The cooling bath 
was then removed, the mixture was stirred for another 30 min, 
and finally hydrolyzed by addition of 25 ml of 10% aqueous 
NH4CI. The resulting solid product was collected by filtration, 
washed several times with ether, and air dried. Further treat­
ment of the crude product followed one of the three following 
procedures. Properties of the final pure products are summarized 
in Table I (3-arylacetylindoles) and Table II (l,3-di(arylacetyl)-
indoles). 

Method A. Direct Formation of a 3-ArylacetyIindole.—This 
situation occurred only in the case of 3-(2-methyl-3,4-dimethoxy-
phenylacetyl)indole (la), which was directly purified by re-
crystallization from 9 5 % ethanol. 

Method B. Predominant Formation of 1,3-Di(arylacetyl)in-
doles.—The crude products were purified by recrystallization 
from 9 5 % ethanol (except where otherwise noted) and had the 
properties collected in Table I I . These pure diacyl compounds 
(II) were hydrolyzed as illustrated by the following explicit 
example. 

3-(3,4-Dichlorophenylacetyl)indole (Ii).—One gram (0.0021 
mole) of (Hi) was refluxed for 5 min with a solution of 5 ml of 
10% NaOH in 15 ml of 95% ethanol. The resulting solution was 
diluted with 20 ml of water and cooled. The precipitate was 
collected by filtration, washed with water, air dried, then re-
crystallized from 95% ethanol to yield 0.60 g (98%) of pure (Ii) 
(cf. Table I). 

Method C. Formation of Gross Mixtures of Mono- and Di-
acylindoles.—In these cases the crude products, although 
distinctly crystalline, did not yield either pure 3-arylacetyl- or 
l,3-di(arylacetyl)indoles even after repeated recrystallization. 
Such mixtures were therefore directly hydrolyzed with aqueous 
alcoholic NaOH, as described under method B, to yield the pure 
3-arylacetylindoles. 

Method D. Seka's Reaction.—The reactions of 2-methylin-
dole with 3,4-methylenedioxyphenyl-,15 3,4-dimethylphenyl-,16 

3,4-dichlorophenyl-,16 and 2,4-dichlorophenylacetonitrilesn in 
anhydrous ethereal HC1 solution were all accomplished by essen­
tially the same procedures previously reported.6 

(17) W. Reeve and P. E. Pickert, J. Am. Ckem. Soc, 79, 1932 (1957). 
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In our efforts to prepare physiologically active compounds we 
have prepared a series of a-arylidene-7-substituted A^T-buteno-
lides2-6 (see Table I on following page). 

These compounds were tested for antitumor, antischistosome, 
antiviral, and antibacterial activities. The lactones were in­
active in these tests except that compounds 1, 9, and 12, which 
contain the nitrogen mustard group, showed slight antileukemia 
activity." 

Experimental Section 

The a-arylidene-7-phenyl-A/3.r-butenolides were prepared by 
heating 0.05 mole of the appropriate /3-aroylpropionic acid, 0.055 
mole of aldehyde, 8.2 g of sodium acetate, and 16 ml of acetic 
anhydride on a hot plate until homogeneous. The heating was 
continued on a steam bath until crystals separated. The re­
action mass was allowed to cool, filtered, washed with water and 
sodium bicarbonate, and recrystallized from ethanol. 

(15) W. Reeve and W. H. Earecksen, J. Am. Chem. Soc.,72, 3299 (1950). 
(16) F. Benington, R. D. Morin, and L. C. Clark, J. Org. Chem., 25, 2066 

(1960). 

(1) Supported by a grant (Cy-03908) from the National Institutes of 
Health and a Faculty grant from North Texas State University. 

(2) YV. Borsehe, Ber., 47, 1107, 2718 (1914). 
(3) R. Filler and L. M. Hebron, J. Am. Chem. Soc, 81, 391 (1959). 
(4) M. M. Shah and N. L. Phalniker, J. Univ. Bombay, 13, 22 (1944); 

Chem. Abstr., 39, 2289 (1945). 
(5) V. K. Paranijpe, N. L. Phalniker, and B, U. Bhide, ibid., 17A, 69 

(1949); Chem. Abstr., 44, 1480c (1950). 
(6) C. Hana and F. W. Schueler, J. Am. Chem. Soc., 75, 741 (1953). 
(7) The antileukemia tests were arranged through CCNSC and were 

carried out at the Department of Medicine, University of Miami, Miami, 
Fla. 
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" Phenyl replaced by 3-pyridyl. '' Phenyl replaced by 2-fnryl. ' Phenyl replaced by 2-thienyl. 

be stressed that the cyano derivatives of types 1 and II are 
extremely labile, especially if anhydrous conditions are not 
carefully maintained. Isonicotinic acid was obtained from East­
man Organic Chemicals. Pyridine-4-aldoxime, 4-cyanopyri-
dine, 1,3-diiodopropane, and 1,3-dibromopropane were purchased 
from the Aldrich Chemical Co. Care should be exercised in the 
use of 4-cyanopyridine due to its high vapor pressure and 1oxic 
properties. All other reagents and starting materials were of 
the highest grade and purity commercially available. 

The Menschutkin reaction has been employed in the synthesis 
of these quaternary pyridinium compounds.8 .Minor modifica­
tion of this reaction was utilized in the synthesis of this antago­
nist and in the preparation of the compounds presently described. 
The 4-aldoximino and the 4-cyano derivatives of type I were 
synthesized by treating the corresponding 1,3-dihalopropane 
with the substituted pyridine derivative. The 4-pyridone of 
types I and II was prepared by the alkaline hydrolysis of the 
corresponding 4-cyano derivative.9 Bisquaternary derivatives 
of type II were prepared by treating type I with the appropriate 
monosubstituted pyridine, with the excption of the biscyano and 
the pyridone derivatives. The biscyano was prepared by the 
same procedure as for type I derivatives. 

l,3'-Bromopropyi-4-aldoximinopyridinium Bromide (I) .- A 
solution of 1.2.21 g (0.1 mole) of pyridine-4-aldoxime and 121 g 
(0.0 mole) of 1,3-dibromopropane in 750 ml of anhydrous nitro­
benzene was allowed to stand at room temperature for 90 days. 
The yellow crystals which formed were collected, washed with 
other, and dried in vacuo; yield 31.8 g (09%) of product, mp 
188-189° dec. Recrystallization from methanol yielded as yellow 
needles 30.2 g (94'',') of the quaternary salt, mp 189-190° dec. 
Compounds II and 111 were made with appropriate modification 
of the general method described above. The results are listed in 
Table I. 

l,3'-BromopropyI-4-pyridone Picrate (IV).—A solution of 6.35 
g (0.021 mole) of l,3'-bromopropyl-4-eyanopyridinium bromide 
and 20 ml of 1.0 A' NaOII. in 35 ml of distilled water was allowed 
to stand at 0-5° for 10 min, was adjusted to pH 9.0 with 1.0 Ar 

HOI, and was extracted with 1 1. of benzene in a liquid-liquid 
extractor for 24 hr. The benzene extract was dried (MgS04) and 
concentrated in vacuo. The yellow oil was crystallized as the 
picrate salt from benzene. 

(8) Id N. Shaw, " P y r i d i n e ami Its Der iva t ives , Par t I I , " M o n o g r a p h s 
from the series " T h e Chemis t ry of Heterocycl ic C o m p o u n d s , " A. Weiss-
berger. F.d., In tersc ience Publishers , Inc . , New y o r k , X. Y., 1961, pp 1-95. 

(9) M. M. Kosower, "Molecu la r B iochemis t ry , " McGraw-Hi l l P>ook Co., 
Inc . , New York, Nd V., ltltiLd p 179. 

S y n t h e s i s of I , i ' - T r i m e t h y l e n e - 4 , 4 ' - S u b s t i t u t e d 

P y r i d i n i u m and l , 3 ' - H a l o p r o p y l - 4 - S u b s t i t u t e d 

P y r i d i n i u m C o m p o u n d s 1 

Cl.I .NToX X . C o R D E H 2 A M ) J AMES L . W A Y 

Department of Pharmacology, Marquette L'niverxitij 
School of Medicine, Milwaukee, Wisconsin ~>32Sd 

Received October 2ij, ll/H.'i 

Various nucleophilic agents, particularly oximes, have been 
employed in antagonizing the highly toxic anticholinesterase 
alkyl phosphates, e.g., chemical warfare agents and insecticides. 
One of the most effective agents for antagonizing alkyl phosphate 
intoxication is l,l'-trimethylenebis(4-aldo.ximinopyridinium) di-
bromide.3 '1 The metabolic disposition of this antagonist is 
being investigated in our laboratory both in vitro1 and in vivo.'' 
The report herein describes the synthesis of some known or 
potential biological metabolites of this antagonist and their 
intermediates, which are being employed to facilitate the inves­
tigation of the biochemical transformation of 1,1 '-(rimethylene-
bis(4-aldoximinopyridiuium) dibromide. 

Experimental Section7 

General.—All reactions were performed under anhydrous con­
ditions and in stoppered flasks protected from light. I t should 

(1) Th is work was s u p p o r t e d in pa r r by Id S. Publ ic Hea l th Service 
G r a n t s N H 04541 a n d M i l 10109. 

(2) These d a t a are from a thesis to be presented by (d Nd Corder in par t ia l 
fulfillment of the r e q u i r e m e n t s for a P h . D . decree in pha rmaco logy . 

(3) I'd J . Poz iomek, Id Id Hackley , J r . , and Cd M . Ste inberg . ./. 0,y. 
Chem., 23 , 714 (1957). 

(4) V. O. Hobbigcr , 1). Cd O S u l l i v a n , and P. \Y. Sadler, Sature, 182, 1498 
(1958). 

(5) Cd Nd Corder a n d J. d. Way, s u b m i t t e d for publ ica t ion , 
(ti) Id M . M i r a n d a and J . L. Way , s u b m i t t e d for publ ica t ion . 
(7) Analyses were performed by Weiler a n d ritrauss, Oxford, Kngland . 

a n d b y Huffman Labora tor ies , Inc . , Whea t r idge , Colo. All mel t ing points 
were d e t e r m i n e d with a T h o m a s - H o o v e r a p p a r a t u s and are corrected. 
U l t r av io l e t spec t r a were m e a s u r e d in a B e c k m a n D B a n d / o r B e c k m a n Dl* 
s p e c t r o p h o t o m e t e r using dist i l led wate r as t he so lvent . Infrared spect ra 
were d e t e r m i n e d with a B e c k m a n I R - 5 s p e c t r o p h o t o m e t e r using e i ther K h r 
pellet, or Nujol mul l . Legend for i n t e rp re t a t i ons of principle abso rbance 
b a n d s a r e : s, s t rong ; in, med ium; w. weak. A Calm Elee t roba lance was 
used to weigh spectra l samples . 


