
EXPERIMENTAL METHOD 

Hydrazones  of 5(6)-Benzimidazolylhydrazine  (I-XIII). A solution of 2.22 g (0.01 mole) of 5(6)-hydra-  
z inobenzimidazole  dihydrochlor ide in 5-10 ml  of wa te r  is t r e a t ed  with an equ imola r  amount of the app rop r i -  
ate carbonyl  compound, and heated on a wa te r  bath  for  10-30 min, until  the hydrazone , fo rma t ion  react ion 
is comple te .  As it is fo rmed,  the hydrazone may  prec ip i ta te  f r o m  the hot react ion  mixture ,  as in the case 
of the hydroxybenzaldehydes  and pyruvic  acid, o r  it may r e m a i n  in solution. At the end of the react ion,  
alcohol (50-100 ml) is added until the boiling solution is sa tura ted .  After  cooling the la t ter ,  the product  is 
p rec ip i ta ted  by adding 5-10 ml  of concent ra ted  hydrochlor ic  acid. The prec ip i ta te  is f i l tered off, washed 
with alcohol (10-15 ml),  and r e c r y s t a l l i z e d  f r o m  aqueous alcohol (75-150 ml) in the p resence  of act ivated 
charcoa l .  After  cooling the f i l t ra te ,  concent ra ted  hydrochlor ic  acid (5-30 ml) and e the r  (10-15 ml) are  added 
for  more  complete  separa t ion  of the product .  The prec ip i ta te  is f i l te red  off, washed with alcohol, and dried 
in vacuo ove r  ca lc ium oxide and ca lc ium chlor ide .  

Hydrazones  of 5 -Benzot r iazo ly lhydraz ine  (XIV-XIX). A solution of 2.3 g (0.01 mole) of 1 - (2 -hydroxy-  
e thy l ) -5 -hydraz inobenzo t r i azo le  hydrochlor ide  in 10-15 ml of wa te r  is t r e a t ed  with a solution of an equi-  
m o l a r  amount of the appropr ia te  carbonyl  compound in 10 ml  of alcohol.  The reac t ion  mixture  is heated 
for  10-40 min until the hydrazone i s  fo rmed .  The prec ip i ta te  fo rmed  on cooling the react ion  mixture  is 
r e c r y s t a l l i z e d  f rom 50-150 ml  of alcohol containing act ivated charcoa l .  
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The amino der iva t ives  of 1,3-indanedione const i tute a new c lass  of spasmoly t ic  compounds [1-4]. 
The most  p romis ing  agent for  the t r e a t m e n t  of ep i lepsy  has been found to be the hydrochlor ide of 2 -me thy l -  
amino-2 -e thy l - l , 3 - indaned ione  (IIa), which has been authorized for  medica l  use under  the provis ional  name 
methindione.  To judge by the resu l t s  obtained, this compound is a lmost  ideal in its p rope r t i e s  as a s p a s m o -  
lytic agent and is cons iderably  more  effect ive than the p repa ra t ions  that have been used hi therto for  the 
t r e a t m e n t  of epi lepsy.  The main advantages of methindione lie in its high ef f icacy in cases  of genera l  
ton ic-c lonic  s p a s m s ,  its rapid  intervent ion in the status epi lept icus,  and its normal iz ing  effect  on the psyche 
of the patient.  

With the object  of increas ing  the overa l l  methindione yield and s implifying the technological  p r o ce s s ,  
we have developed a new method of synthesizing methindione which is more  efficient and s imp le r  than the 
known methods [4-6]. In this new method, the reac t ion  between 2 -b rome-2 -e thy l - l , 3 - i ndaned ione  (I) and 
methylamine  is c a r r i e d  out in benzene in the p resence  of d imethy l fo rmamide  or  dimethyl  sulfoxide in a 
volume ra t io  of 1 : 0.2-0.4.  Owing to the i r  catalyt ic  p rope r t i e s ,  the addition of these  s t rongly polar  aprot ic  
solvents  a cce l e r a t e s  the nucleophitic substi tut ion of bromine  by methylamine ,  with the resul t  that  the share  
of compet ing side reac t ions  is reduced and the yield of Ha is inc reased .  

The byproducts  fo rmed  in the react ion  between I and methylamine are  2 ,2 ' -d ie thylb is - l ,3 - indanedione  
(III) and 2 -e thy l - l ,3 - indaned ione .  It is c l ea r  that in this case  the b romine  a tom has a tendency to en te r  
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react ions  charac ter i s t i c  of  pos i t ive ly  po lar ized  hal ides [7-9],  i .e . ,  oxidation takes  place with intermediate  
format ion  of  a 2 - e thy l - l , 3 - indaned ione  free  radical ,  o r  e lec trophi l i c  substitution of the halogen by hydro-  
gen o c c u r s .  

In [3], 2 -amino  der ivat ives  of  2 - e thy l - l , 3 - indaned ione  are  descr ibed .  In the present  work,  we wil l  
descr ibe  a method of  synthes iz ing  yet  another homolog  of  methindione,  v iz . ,  2 - n - p r o p y l a m i n o - 2 - e t h y l - l , 3 -  
indanedione, and evaluate  its pharmaco log ica l  proper t i e s .  

A CO CZH ~ co O~H 5 \/ \ /  
. 

a) R=OII" 3 b)R-H -O)H 7 

2~ M.gr CH3 

IVa" B = H  ; v d :  l : [ = N ~ 4 0 6 H y  
IVb: B=OI  
V a :  R'N(C2.Hs)z;  v e ,  l~=~,l,[--~ 
v b ,  R = N ~ ; r ~  ~ : R = ~ - ~  a OC~'~ 

V c  : B= I~, ".0 ; 

The sal ts  of  2 - m e t h y l a m i n o - 2 - e t h y l - l , 3 - i n d a n e d i o n e  with s e v e r a l  organic  acids were  prepared in [4]. 
For  the purpose of a comparat ive  pharmaco log ica l  study, we have synthes ized  sal ts  of  IIa with other  o r -  
ganic acids .  Methindione base (Ha) forms  sa l t s  with sa l i cy l i c  and p- to luenesul fonic  acid, but not with ben-  
zo ic ,  malonic  and naphthalic acid. 

The react ion of  methindione (IIa) with acid chlor ides  g ives  N-acy l  der ivat ives  (IVa, IVb). When 
heated in d imethy l formamide  solut ion with secondary  amines ,  the ch loroace ty l  derivative (IVb} forms  2-  
(N-amino a e e t y l - N - m e t h y l a m i n o ) - 2 - e t h y l - l , 3 - i n d a n e  dione s (Va-e) .  With pyridine,  the s alt product VI is  
obtained. Compounds of this  type have a lso  been studied amongst  the amino der ivat ives  of  2 - m e t h y l - l , 3 -  
indanedione [10]. 

The exper imenta l  study of  the 2 -amino  and 2 -aminoace ty l  der ivat ives  of  2 -e thy l - l , 3 - indaned ione  was 
carr i ed  out in exper iment s  on white mice ,  in which the tes t  substances  were  injected intraperitoneal ly .  

The fol lowing w e r e  studied: acute toxicity;  spasmoly t i c  activity,  us ing the m a x i m u m  e l ec tr i c  shock  
tes t  [11] and on the bas is  of  the neutral izat ion  of the spasmogen ic  action of corazo le ;  disturbance of m o v e -  
ment  coordinat ion and musc l e  tone by means  of the revolv ing  rod method [12] and the "tube" tes t  [13]; and 
hypothermic  action, determined as the mean  ef fect ive  dose required to lower  the body temperature  of the 
animals  by 3 ~ or  m o r e .  The analgetic act ion of the substances  was  studied by the hot-plate  method [14]. 

The resu l t s  obtained were  p r o c e s s e d  s tat i s t ica l ly ,  the mean  effect ive  doses  (EDs0) and mean lethal  
dose s  (LDs0) being calculated by the m e t h o d  of Litchfie ld and Wtlcoxon [15]. In addition, we determined 
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the hexenal  na rcos i s  potentiat ion index, i .e. ,  the ra t io  of the durat ion of na rcos i s  in the t es t  animals  to the 
duration of na r c os i s  in contro l  an imals .  The expe r imen ta l  data  are  given in Table 1. 

It follows f rom the data given that  all the 2 - amino -  (IIa, IIb) and 2 - (N-aminoace ty l -N-me thy l amino ) -  
2 -e thy l - l ,3 - indaned iones  (Va-e) studied display spasmoly t ic  p rope r t i e s  in the m a x i m u m  e lec t r i c  shock 
t e s t  and the corazole  s p a s m  tes t ,  while 2 - ( N - a c e t y l - N - m e t h y l a m i n o ) - 2 - e t h y l - l , 3 - i n d a n e d i o n e  and its c h l o r o  
der iva t ive ,  and also the pyr id in ium sal t  (VI), do not pos se s s  spasmoly t i c  act ivi ty.  All the subs tances  studied 
are  cons iderably  in fe r ior  to methindione (IIa) in t he i r  spasmoly t ic  act ivi ty.  

The subs tances  studied exhibit some t ranqui l iz ing p rope r t i e s ,  i .e. ,  they dis turb the coordination of 
movement s ,  lower  the body t e m p e r a t u r e ,  give an analgetic effect ,  and potentiate hexenal  n a r c o s i s .  The 
t ranqui l iz ing p rope r t i e s  are mos t  m a rked  in the phenylpiperazino der ivat ive  (Vd), which has a hexenal  
na rcos i s  potentiation index of more  than 8. 

To supplement  the invest igat ions c a r r i e d  out, we compared  the spasmoly t ic  act ivi ty of methindione 
(the hydrochlor ide  of 2 -me thy lamino-2 -e thy l - l , 3 - indaned ione )  with that of o ther  sa l t s  (maleate,  sa l icyla te ,  
tosyla te)  of this  compound. It was found that  the sa l t s  studied did not differ  s ignif icantly in the i r  s p a s m o -  
lytic act ivi ty  or  in the durat ion of t he i r  action. 

E X P E R I M E N T A L  M E T H O D  

The IR spec t r a  were  r eco rded  on a UR-10 ins t rument  using nujol suspens ions  and a sodium chloride 
p r i s m .  The molecu la r  weights were  de te rmined  on an MS-905 m a s s  s p e c t r o m e t e r .  

2 -Methy lamino-2 -e thy l - l , 3 - indaned ione  Hydrochlor ide (Ha. HC1). A benzene solution (600 ml) of 
b romide  I obtained f r o m  148 g (1 mole) of phthalic anhydride [3, 5] was t rea ted ,  a f ter  separa t ing  ca lc ium 
chlor ide,  with 140-200 ml  of d imethy l fo rmamide  or  dimethyl  sulfoxide and sa tu ra ted  with 31.8 g of dry  
methylamine  at a r e a c t i o n - m e d i n m  t e m p e r a t u r e  of about 10 ~ The f lask  was sea led  and kept at r oom t e m p e r a -  
ture  for  5 h; methylamine  hydrobromide  prec ip i ta ted  and the reac t ion  mixture  became d a r k - r e d .  The mix -  
ture  was washed with wa te r  (3 • 350 ml),  and the organic  par t  ex t rac ted  with dilute (1 : 4) hydrochlor ic  acid 
(2 • 150 ml).  The acid ex t r ac t s  were  combined and adjusted to pH 8.0-9.0 by the slow addition of about 65 
ml  of 25% aqueous ammonia  while cooling with ice water .  The prec ip i ta te  was sepa ra ted  a f te r  3 h and 
washed with wa te r  to give 40 g of a yellow subs tance  with a m p  of 106 ~ ( f rom ethanol).  This  substance was 
dissolved in 350 ml  of benzene and the hydrochlor ide  prec ip i ta ted  by introducing hydrogen chlor ide.  The 
prec ip i ta te  was sepa ra ted  a f te r  2 h to give 41 g (17.1% of theo re t i ca l  yield based on phthalic anhydride) of 
a white c rys ta l l ine  substance,  with a mp of 225-227 ~ (decomp.) a f te r  r ec rys t a l l i za t ion  f r o m  absolute ethanol.  
Found (%): C 60.24; H 5.81; C1 14.94; N 5.89. Ci2H13NO2, HC1. Calculated (%): C 60.13; H 5.88; C1 14.80; 
N 5.84. 

The red wash wa te r s  were  acidified with dilute hydrochlor ic  acid. An oil separa ted  and solidified 
a f t e r  cooling to 0 ~ This was sepa ra t ed  and c rys t a l l i zed  f r o m  ethanol to give about 4 g of 2 - e t h y l - l , 3 -  
indanedione with a m p  of 51-53 ~ (a mixed sample  with authentic 2 -e thy l - l ,3 - indanedione  did not give m e l t -  
ing point depress ion) .  

The benzene l aye r  remain ing  a f te r  separa t ion  of the acid ex t rac t  was washed with water ,  dried with 
ca lc ium chlor ide,  and the solvent evapora ted  off in vacuo.  The res idue  was c rys ta l l i zed  f r o m  ethanol to 
give about 5 g of III, mp 226 ~ (from ethanol).  This  was insoluble in water ,  hydrochlor ic  acid and aqueous 
alkali .  Found (%): C 76.81; H 5.55. C22H180 4. Calculated (%): C 76.26; H 5.24. Molecular  weight 346 
(calculated 346). In f r a red  spec t rum:  v C = C a r o m  1585 cm-~; v C =O 1696 and 1733 c m  -1. 

2 - n - P r o p y l a m i n o - 2 - e t h y l - l , 3 - i n d a n e d i o n e  (IIb). A solution of 3.5 g (0.06 mole) of n -p ropy lamine  in  
a mixture  of 30 ml  of benzene and 15 ml of d imethy l fo rmamide  was added at room t e m p e r a t u r e  to a solu-  
tion of %6 g (0.03 mole) of b romide  I in 20 ml of benzene.  The mix ture  was worked up s i m i l a r l y  to the 
previous  exper iment  to give 2.3 g (33.3%) of ye l low Hb, mp 97 ~ ( f rom ethanol).  Found (%): N 6.25. 
C14HI?NO2. Calculated (%): N 6.06. I n f r a r ed  spec t rum:  v C =Caro  m 1590 cm- l ;  v C_-O 1710 and 1745 cm -1. 

Hydrochlor ide (Hb �9 HC1). A solution of the base  Hb in e the r  was sa tura ted  with hydrogen chloride,  
and the prec ip i ta ted  salt  s epa ra ted  and c rys ta l l i zed  f r o m  absolute ethanol with addition of e ther ,  mp 229- 
231 ~ (decompo); soluble in water .  Found (%): C 62.83; H 6.87; C1 13.43; N 5.20. C14HI?NO 2. HC1. Calcu-  
lated (%): C 62.81; H 6.78; C1 13.24; N 5.23. In f ra red  spec t rum:  v C =Caro  m 1595 cm-1; v C =O 1715 and 
1755 cm -1. 

2 -Methy lamino-2 -e thy l - l , 3 - indaned ione  Salicylate.  A solution of 1.38 g (0.01 mole) of sal icyl ic  acid 
in ethanol was added to a solution of 2.03 g (0.01 mole) of Ha in benzene.  After  5-6 h, the salt  p r ec ip i t a t -  
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TABLE 2. Aminoacetyl  Der iva t ives  of Methindione 

C o m -  
pound 

Vb 

Vb- HCI 
Vc 

Vc. HCI 
Vd 

Vd.2HCI 
Ve 
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:(%) 
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68,29 6,87 10,02 
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C.a4H2~NaOa. 2HC] 
Ce~H29N304 

Calculated (%) 
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C H ] Cl 
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I. 
69,50 7,37 -- 

62,55 6,91 9,72 
65,45 6,71 -- 

58,93 6,32 9,66 
71,08 6,7l 

6,9,24 6,11 14,82 
68,93 6,71 

't IR spectr._, urn, v, cm -1 

N [C Carom c o  

8,531 
7,68 
8,!81 
7,64 I 

1,9,36 ] 

8,78 1 
9,~5 I 

16:)0 1640, 1715, 
1745 

i~0 ,64057,5 
1745 

,~0 1636~718 
1747 

16:)0 t645, 1715, 
1750 

* Compounds Vb, Vc, and Ve were  c rys t a l l i zed  f r o m  ethanol,  Vd f r o m  d imethy l fo rmamide ,  and the i r  hydro-  
ch lor ides  f r o m  absolute ethanol.  

ing at 0~ was sepa ra ted  to give 2.6 g (76.5%) of the sal t ,  mp 114-115 ~ ( f rom absolute ethanol); soluble in 
water .  Found (%): C 66.57; H 5.50; N 4.06. C19HI~NOs. Calculated (%): C 66.85; H 5.62; N 4.10. 

2 -Methy lamino-2 -e thy l - l , 3 - indaned ione  Tosy la te .  The salt  was p r e p a r e d  analogously to the previous  
exper imen t  f r o m  2.03 g (0.01 mole) of  I Ia  and 1.72 g (0.01 mole) of p- toluenesulfonic  acid, in a yield of 3.7 
g (98.6%), mp 180 ~ ( f rom absolute ethanol with addition of e ther) ;  soluble in water .  Found (%): C 60.81; 
H 5.59; N 3.66; S 8.41. CI9H21NOsS. Calculated (%): C 60.78; H 5.64; N 3.73; S 8.54. 

2-(N-Acetyl-N-methylamino)-2-ethyl-l,3-indanedione (IVa). A mixture of 4.8 g (0.02 mole) of IIa" HCI 
and 5 ml of acetyl chloride in 30 ml of dimethylformamide was heated on a water bath for 1 h. The mix- 
ture was poured into 200 ml of water and neutralized with ammonia to precipitate a white substance, mp 
122 ~ (from ethanol). Yield 3.6 g (75.5%). Found (%): C 68.66; H 6.21; N 5.94. C141IIsNO 3. Calculated (%): 
C 68.57; H 6.17; N 5.71. Infrared spectrum: v C =Caro m 1595 era-l; v C =O 1641, 1711, and 1745 cm -I. 

2-(N-Chloroacetyl-N-methylamino)-2-ethyl-l,3-indanedione (IVb). This was prepared analogously 
to IVa from 4.8 g (0.02 mole) of Ha. IICI and 5 ml of ehloroacetyl chloride. Yield 4.3 g (78.8%), mp 133 ~ 
(from ethanol). Found (%): C 59.82; H 5.10; CI 12.77; N 5.02. C14H14CIO 3. Calculated (%): C 60.10; H5.04; 
C1 12.68; N 5.01. Infrared spectrum: v C =Carom 1592 era-l; u C =O 1660, 1710, and 1747 cm -I. 

2-(N-Diethylaminoaeetyl-N-methylamino)-2-ethyl-l,3-indanedione (Va). A mixture of 2.8 g (0.01 
mole) of IVb and 1.46 g (0.02 mole) of diethylamine in 30 ml of dimethylformamide was heated on a water 
bath for 2 h. The mixture was poured into 200 ml of water, and the precipitate filtered off and crystallized 
from ethanol. Yield 2.4 g (76.0%), mp 102 ~ (from ethanol). Found (%): C 68.20; H 7.71; N 8.67. C18H24N203. 
Calculated (%): C 68.32; H 7.64; N 8.85. Infrared spectrum: v C =C-rom 1600 cm-l; v C =O 1636, 1719, 
and 1748 cm -I. The data for the analogously prepared aminoacetyl ~erivatives Vb-Ve are given in Table 2. 

IIydrochloride (Va- HCI). This was prepared by passing hydrogen chloride through a solution of Va 
in a mixture of ether and benzene, giving a colorless substance with a mp of 102 ~ (from absolute ethanol). 
The salt decomposes on heating to form the base, and is soluble in water. Found (%): CI 10.57; N 7.51. 
CIsH25CIN203. Calculated (%): C1 10.05; N 7.94. The data for the analogously prepared hydrochlorides of 
the other aminoacetyl derivatives Vb- HCI-Ve �9 HCI are given in Table 2. 

2-(N-Pyridinioacetyl-N-methylamino)-2-ethyl-l,3-indanedione Chloride (VI). Dry pyridine (5 ml) 
was added to 2.8 g (0.01 mole) of IVb. On the following day, ether was added to precipitate VI in a yield 
of 2.9 g (80.5%); mp 204-206 ~ (deeomp.) after crystallization from absolute ethanol; soluble in water. Found 
(%): C 63.20; H 5.31; CI 9.61; N 7.39. CIsHigCIN203. Calculated (%): C 63.59; H 5.33; CI 9,68; N 7.81. 
Infrared spectrum: v C =Caro m 1590 and 1605 em -I, v C =O 1662, 1713, and 1746 cm -l. 
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A N T I M I C 1 R O B I A L  A C T I V I T Y  O F  T H E  P Y R I D I N I U M  

S A L T S  O F  S O M E  ~ - H A L O  C A I ~ B O N Y L  C O M P O U N D S  

G .  P .  K o n d r a t e n k o ,  N.  I .  G e o n y a ,  
L .  A.  P e r e l ' m a n ,  a n d  L .  M. L i t v i n e n k o  

UDC 615.281 : 547.822.5 

It is known that qua t e rna ry  ammonium sa l t s  containing var ious  functional groups in t he i r  h y d r o c a r -  
bon rad ica l s  pos s e s s  physiological  act ivi ty  with a broad s p e c t r u m  of action. The bac te r ic ida l  and fungi-  
cidal p r o p e r t i e s  of s e v e r a l  r ep r e s en t a t i ve s  of this b road  c lass  of compounds have been studied most  [1-9]. 

It would be of in te res t  to t r a c e  the an t imicrobia l  action of sa l t s  obtained f r o m  pyridine bases  and 
a -ha lo  carbonyl  compounds.  With this object,  we have synthesized a s e r i e s  of compounds of genera l  f o r m -  
ula  RCOCH2+NCsHcR ' �9 X-,  where  var ious  halo ketones and monohaloacet ic  acid e s t e r s  and amides  were  
used  as the a - h a l o  carbonyl  component  RCOCH2X. 

React ion of ~-halo  carbonyl  compounds with pyridine and its subst i tuted analogs,  as descr ibed  in 
[10-12], gives the cor responding  pyr id in ium sal ts  I -XXV in a lmost  quanti tat ive yields  (see Table 1). Fo r  
compar i son  of the bac te r ic ida l  action of the sa l ts  of qua te rna ry  and t e r t i a r y  ni t rogen bases ,  we also syn-  
thes ized  N-(4-methylphenacyl )p iper id ine  hydrochlor ide  (XXVI). All the compounds obtained are c rys ta l l ine  
subs tances  which are  soluble in wa te r  and alcohol but insoluble in benzene,  e the r  and hexane.  M o s t o f t h e m  
mel t  with decomposi t ion.  The sa l t s  fo rmed  by pyridine with the c~-bromo e s t e r s  (I-HI) are  hygroscopic  
and deliquesce in a i r .  Compounds VI, XX-XXIV and XXVI are  here  desc r ibed  for  the f i r s t  t ime .  

The an t imicrobia l  act ivi ty of the compounds was invest igated by s e r i a l  dilution with r e spec t  to G r a m -  
posi t ive and Gram-nega t ive  m i c r o o r g a n i s m s  (Staphylococ. 209, E. coli M-17, S. typhimur tum,  S. paratyphi  
B, Sh. dys. f lexneri ,  Bact .  pyocyaneum,  S. enter i t id is ,  and Bac.  anthracoides) .  The subs tances  were  d i s -  
solved in wa te r  and alcohol, and then in Hot t inger ' s  bouillon (pH 7.2). The activi ty of the compounds was 
evaluated on the bas is  of the min imum effect ive concentrat ion during 1-day exposure  in a t he rmos t a t  at 
37 ~ . 

In the invest igat ion of bac te r i a l  action, it was found that compounds I-VII ,  XI, and XII are  not active 
against  any of the m i c r o o r g a n i s m s .  It is c l ea r  that the lack of act ivi ty in this case  is due to the low m o l e c -  
u lar  weight of the subs tances .  

The introduction of methyl  groups into the phenacyl  res idue of phenacylpyr idintum bromide  (XIV) 
apprec iab ly  i nc rea se s  the an t imicrobia l  activity of the compounds against  all the m i c r o o r g a n i s m s  (ef. 
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