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Only one 3 - a c y l ,  l ,2-dihydro-4H-f l -quinindine  with a nonaryl  subst i tuent  (R) on the RCO group has 
been previous ly  descr ibed:  T h a t  is the 3 -ace ty l  der ivat ive~ It was obtained by react ing  1 ,2-dihydro-4H-f l -  
quinindine with acet ic  anhydride [1]. Other  examples  of alkyl,  a ra lkyl ,  haloalkyl ,  and dialkylaminoalkyl  
ketones of the 4H-fi-quinindine s e r i e s  were  synthesized to obtain subs tances  with potential  pharmaco log ica l  
act ivi ty.  Substances with va r ious  pharmaco log ica l  act iv i t ies  have p rev ious ly  been d i scovered  in the c lass  
of amino ketones [2]~ 

The s ta r t ing  4 -d imethy l - l ,2 -d ihydro-4H-f i -qu in ind ine  (I) was obtained by the action of an aqueous 
alkali  on the iodomethyla te  (IIa) o r  on the methylmethosul fa te  (IIb) of fi-quinindane. Without isolat ing it ,  
I was r eac ted  with Miph, t ic  (propionie,  butyric)  acid ch lor ides ,  a l ipha t i c -a romat i c  (phenyl and dipher~yl 
acetic) acid ch lor ides ,  and halogen-  subst i tuted (chl0roacet ic ,  fi- ch !o re - ,  and f i-bromopropionic)  acid chlor ides .  

The react ion  was accompl ished  in two ways: e i ther  with excess  acid chloride in the p r e sence  of an 
aqueous alkali  (a Scho t t en -Baumann  type of reaction) or  through a reac t ion  with an acylating agent in an 
anhydrous medium (ether) using t r i e thy lamine  as the bas ic  reagent .  The C-acyla t ion goes so eas i ly  that  
the hydro lys i s  of the acid chlor ides  does not p reven t  the pr inc ipa l  reac t ion  f rom taking place  even in an 
aqueous alkali .  As a r e su l t  the 3-propionyl  (III), 3 -butyroyl  (IV), 3-phenylacetyl  (V), 3-diphenylacetyl  (VI), 
and 3 -ch lo roace ty l  (VII) der iva t ives  of 4 -methy l - l ,2 -d ihydro-4H-f l -qu in ind ine  were  obtained with good y ie lds .  
When I is  r eac ted  with f i -chloro-  o r  f l -bromopropionyl  chloride in the p r e s e n c e  of an aqueous alkali ,  two 
compounds a re  obtained according to thin l aye r  chromatographic  (TLC) data; they could not be separa ted  
a f te r  s eve ra l  r ec rys t a l l i za t ions .  One of these  subs tances ,  as judged by i ts  Rf  values  in var ious  solvent 
s y s t e m s ,  is  fo rmed  in the reac t ion  with both the chloro and b romo  der iva t ivgs .  The spots  of both compounds 
d i sappeared  in the c h r o m a t o g r a m  with t ime af ter  react ing  the mixture  of these  products  with an alcoholic 
solution of po t a s s ium hydroxide,  and one spot of a new compound appeared:  the s ame  one for  both the 
ha l ide-subs t i tu ted  ones .  Based  on the e lementa l  analys is  and the IR and UV spec t r a ,  the s t ruc tu re  of 3-fi- 
e thoxypropionyl -4-methyl -4H-1 ,2-d ihydro- f i -quin indine  (VIII) was ass igned to this compound. Similar ly ,  
the f l -dialkylaminopropionyl  de r iva t ives  a re  obtained with a sa t i s fac to ry  yield by reac t ing  secondary  amines  
with the mix tu re  of products ;  he re  both spots  of the s tar t ing  subs tances  also d i sappear  in this reac t ion .  
Proceeding  f r o m  what has  been s ta ted  above, i t  can be a s sumed  that  not only does acylation take ,p lace  but 
also dehydrohalogenation as a r e su l t  of the reac t ion  of I with the ~-halopropionyl  chlor ides  in an alkaline 
medium; as a r e su l t  of this a mix tu re  of the 3-f l -halopropionyl  (IX) and 3 -ac ry loy l  (X) der iva t ives  is ob- 
tained.  One and the s a m e  subs tance  is obtained by the react ion  of e l e c t r o n - e x c e s s  reagents  with this mix-  
tu re  as a r e su l t  of the nueleophil ic  subst i tut ion of the halogen and nucleophil ie addition to the double bond. 
The re fo re  irL o r d e r  to obtain f l-aminoethyl  ketones  (XIa-c),  we introduced a mix tu re  of substances  IX and X 
without separa t ing  them into the reac t ion  with the secondary  amines  (dimethylamine,  N-methy lp iperaz ine ,  
and morphol ine) .  Aminomethyl  ketones (XIIa-b) were  obtained by react ing  these  s ame  amines  with VII. It 
is in te res t ing  to note that the f l -piperazinylethyl  ketone (XIb) is obtained in the reac t ion  with N-me thy lp ipe r -  
azine twice as rapidly as the p iperaz iny lmethy l  ketone (XIIb) judging f r o m  the TLC data.  Evidently the 
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reaat ion in the f i rs t  case  proceeds  through the intermediate  formation of vinylketone X which, as was said 

above, is formed very  easily.  
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Compounds XI a-c  and XII a -c ,  which were synthesized,  were charac te r ized  by their  IR and UV spec-  
t ra .  The star t ing compounds VII-IX and compounds XIa-c and XIIa-c have the same bands in their  IR spec-  
t r a  which the previously synthesized [1, 3l 3-aeyl - l ,2-d ihydro-f l -quinindines  have: 1640-1650 cm -1 (w.), 
1590-1608 cm -I  (s.), 1561-1572 cm -1 (s.), 1510-1522 cm -1 (s.) and 1492-1508 em -1 (w.).t  The last  two 
bands merge  completely o r  part ial ly in some cases .  The band at 1510-1522 cm -1 can be assigned to the 
~ O  group by analogy with the 3-a royl  derivat ives [1, 3]; the others  charac te r ize  the aromat ic  (condensed) 
sys tem.  The sharp decrease  in the frequency of the carbonyl  band in these compounds is connected with the 

considerable contribution of the bipolar  s t ruc ture  with the> N=C-C=C:O- f ragment  [1, 3]~ The UV spec t ra  
of these compounds are s imi lar  to each other; the four intense bands at 221-226 nm (lg ~ 4~176 268-270 
nm (lg ~3.7-3.8); 315-320 nm (lg e 3~ and 426-445 nm (lg e 4.2-4.3) are  the mos t  charac te r i s t i c .  The 
las t  band is caused by the intense yellow color  of the substances we investigated. Analogous bands but some-  
what shifted to the longwave region had been noted for the 3 -a roy l  der ivat ives  previously synthesized [1, 3]. 
The basic i ty  Of a number  of the 3-acyl - l ,2-d ihydro-4H-f i -quin indines  obtained was measured  potentiomet-  
r ical ly .  The  pK a values in 80% ethyl alcohol are  given in Table 1. It is evident f rom Table 1 that the com-  
pounds investigated are  quite strong bases~ It was previously shown [1, 3] that a proton is added at the C(3 ) 
atom of the 3-acyl - l ,2-d ihydro-4H-f i -quin indines  during salt  formation forming s t ructure  XIII; deeolor iza-  
tion of the solution takes place at the same t ime.  The pK a values of the alkyl, aralkyl,  and haloalkyl ketones 
cor re la te  sa t i s fac tor i ly  with the Taft induction constants (see Fig. 1)'- 

pKa=6,5--2,1 ~* (i) 

Assuming that ~ . = ~ o  + 0.60, which was previously obtained [3] for  the 3-aroyl -subs t i tu ted  compounds, 
for the aryl  substituents,  the equation (PKa= 5 .5 -1 .4  cr ~ can be rewri t ten in the form 

Pt(a~6,6--1,4 •*. 
(2) 

It is evident after  comparing Eqs~ (1) and (2) that the sensitivity of the nonaryl-subst i tuted ketones 
to the influence of the e lectronic  effects (p*) is considerably g rea te r .  Judging f rom Eq. (1) compound (XIIa) 
should have an equilibrium constant for the protonation reaction at C(3 ) pK a = 5.7 ((r CH2N(CH~) 2 ~ 0.4). The 
value determined experimental ly is several  o rde r s  of magnitude grea te r :  pK a = 8.4. Upon taking this fact 

Ss. i s  a strong band; w. is a weak band. 
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into considera t ion and also the fact  that  a f te r  adding 
1 mole  of acid a solution of XIIa r ema ins  intensely 
yellow, it  can be  a s sumed  that  the f i r s t  proton is 
added to this compound at the dimethylamino group. 
According to Eq. (1) the second constant  should lie in 

~ T T  

t h e  r ange  . PKa= 3.1-3.2 (~ C H 2 N ~ 3 3  ~ 1 . 1 )  [4] and 

will not be  de te rminab le  in 80% alcohol po ten t iomet -  
rically.;  S imi lar ly  t he  f i r s t  constant  fo r  XIIb (pK a = 
7.47) should be re la ted  to  the protonation of one of the 
n i t rogens  of the p iperaz ine  r ing,  mos t  probably  to which 
a methyl  group has  been added. As concerns  the s ec -  
ond constant  (pK a = 5.36) it is  evident that i t  c o r r e -  
sponds tothe addition of a proton to another  n i t rogen 
in the p iperaz ine  since only a f te r  adding 3 mole  of acid 
does a solution of XIIb begins to decolor ize .  Employ-  
ing the above bas ic i ty  of the compounds synthesized,  
we obtained sa l t s  with sulfur ic  (for VI and XIb) and 
male ic  (for XIa, b,  XIIa, b) acids f rom some of the 
3-acyl  de r iva t ives .  Salts with different  ra t ios  of the 
base  and acid were  obtained depending on the s t ruc tu re  
of the or iginal  ke tone ,  for  example  XIIa yie lds  the 
monomalea te ,  XIIb the d imalea te ,  and XIb the t r i -  
ma lea te .  

The an t i a r rhy thmic  act ivi ty of compounds VI, 
XIa, XIb, XIIa, and XIIb (Table 2) was invest igated.  
A r r h y t h m i a i n  r a t sb rough t  on by an intravenous in jec-  
tion of aconitine (30 ~g/kg) was used as t he  exper i -  
mental  model .  The invest igat ion was c a r r i e d  out in 
pa ra l l e l  with qninidine. Male r a t s  weighing 100-160 g 
were  used for  the exper iment .  Narcos i s  was brought  
on by a 10% solution of ure than (1 ml  p e r  100 g of 
weight in t raper i tonea l ly) .  E l e c t r o c a r d i o g r a m s  in 
shunt II were  r ecorded .  An int ravenous injecti(m of 
aeonitine into the control  r a t s  d is rupted card iac  
rhythm in all c a se s .  Rees tab l i shment  of the sinus 
rhythm was as a rule  not obse rved  within the f i r s t  
30 min a f t e r  the injection of aconitine.  The compounds 
inves t igated were  injected in va r ious  doses  into a vein 
within 1 min of the onse t  0 fa r rhy thrn ia  The doses  
amounted to approx imate ly  one fifth ~o one third of 

the LDs0. 

It was es tab l i shed  that compounds XIb, XIIa, and 
VI exe r t  a weak diluting effect  o n a r r h y t ~ i a  caused by 
aconitine (see Table  2). Compounds XIlb and XIa 
p o s s e s s  no an t i a r ry thmic  activity.  Certain o ther  a s -  
pec ts  of the pharmaco log ica l  act ivi ty of the quinindine 
de r iva t ives  we re lhvest igated along with the i r  an t i a r rhy th -  
mic  effect .  Compounds XIa, Xlb, and XIIa p o s s e s s  a 
weak h i s t amine - l ike  effect; they cause a contract ion of 
a segment  of a guinea p ig ' s  intesti~ies in concentra t ions  
of 10 -~ to 1 .10  -4 g /ml ;  this effect  is re l ieved  by Dime-  
drol  at a concentra t ion of 1 - 10 -6 g / m l .  The p r e p a r a -  
$ions inves t igated have no effect  on the pe r iphe ra l  
chol inoreact ive  s y s t e m s  and on smooth musc l e s .  
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F i g .  1.  C o r r e l a t i o n  of  the  pK a va lue  
of  the  3 - a c y l - 4 - m e t h y l - l , 2 - d i h y d r o -  
4 H - f i - q u i n i n d i n e s  wi th  the  Ta f t  i nduc t ion  
c o n s t a n t s .  

T A B L E  2. P h a r m a c o l o g i c a l  A c t i v i t y  of  
3 - A c y l - 4 - m e t h y l - l , 2 - d i h y d r o - 4 H - / 3 -  
qu in ind ines  

L . . . .  I Antiar~hyth- I 
us0 tin I mic activity I Spasm of isolated 

Corn- mg/kg, I~m m-/k,~, ]guinea pig intes- 
intra- .~. ~'- tine (in g/ml) venously; aeonlttne m-[ 
mice) I trave-n~ I 

pound 

VI 122 

Xla 18,5 
Xlb 17,5 

XIia 43 
XIIb 97 

Quinidine 80 

1--5 (--) 10 -4 
5 (+) 10 -4 

10--20 (+) 10-4--10 -5 
10--25 (--) effect 

5 (+§  

D e s i g n a t i o n s :  (-) no ef fec t ;  (~) v a r i a b l e  
e f f ec t ,  s e t s  in wi th in  15-20 m i n  a f t e r  i n -  
j e c t i on ;  (+) r e s t o r a t i o n  of  r h y t h m  of  d u r a -  
t ion  v a r y i n g  f r o m  I 5  s e e  to 20 min;  (++) 
r e s t o r a t i o n  of s inus  r h y t h m .  

EXPERIMENTAL METHOD 

fi-Quinindane Methylmethosulfate (lib). Into a solution of 37 g of fi-quinindane [5] in 130 ml of benzene 
was poured 27 ml of dimethylsulfate. The precipitate IIb (49 g) was filtered off within 45 min, the mother 
liquor was boiled for 30 rain. After cooling an additional amount of IIb was filtered off. The overall yield 
was 54 g (83% of theoretical), mp 128-129~ (from an acetone-alcohol mixture, i0:i). Found, %: C 56.86; 

H 5.60; S 10.55. C14HITNOS. Calculated, %: C 57.00; H 5.76; S 10.80. 

Alkyl and Aralkyl Ketones of the 4-Methyl-l,2-dihydro-4H-fi-qninindine Series (HI-VII). Method IA. 
To a solution of 0~ mole of IIb* in 20 ml of water was added 15 ml of ether, and7 ml of a 10% sodium 
hydroxide solution (0.019 mole) was run in. The mixture was agitated in a stream of nitrogen or argon for 
i0 man, 0.01 mole of the appropriate acid. chloride was added, and the mixture was agitated for 15-20 rain. 
The precipitate was filtered off. When necessary an additional amount of the substance (see Table I) was 
obtained from the ether layer and from the chloroform extracts of the aqueous layer after evaporating the 
solvent. 

Method IB. To a solution of 0.005 mole of Ilb in 20 ml of water in a separatory funnel was added 
15 ml of ether. In a stream of nitrogen was run in 5 ml of 10% sodium hydroxide (0.015 mole), and the 

* A s u s p e n s i o n  of I Ia  was  u s e d  in the  s y n t h e s i s  of  VI [4]. 
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mixture was shaken for  15 min. The water  layer  was run off, the ether layer  was quickly t rans fe r red  into 
a flask, and 25 ml of t r ie thylamine was added. While cooling with ice, 0.01 mole of the carboxylic acid 
chloride was added dropwise.  After discontinuing the cooling the mixture was agitated for 20 rain. The 
residue was f i l tered off and washed with water .  When the ketone was highly soluble, water  was added to the 
mother  liquor and an additional amount of product  was extracted out with ether (see Table 1). 

Reaction of 4-Methyl- l ,2-dihydro-4H-fi -quinindine (I) with fl-Halopropionyl Chlorides. To a solution 
of 2.95 g of IIb in 40 ml of water  was added 30 ml of ether and in a s t r eam of nitrogen 21 mI of 10% sodium 
hydroxide; the mixture was agitated for 10 min. Then was added 2.52 g off l -bromopropionyl  chloride and 
the mixture was agitated for  30 min. The precipi tated reaction product  was fi l tered off. To the mother  
liquor was added chloroform,  the organic layer  was separated,  dried with roasted magnesium sulfate, and 
the solvent was driven off in vacuo. The overal l  product  yield was 1.75 g, mp 175~ (from hexane). In the 
chromatogram (on a thin layer  of aluminum oxide with degree of activity II in ether) were two spots: an 
orange one with Rf = 0,68 (IX, X = Br) and a yellow one with Rf = 0.75 (X). 

The r e a c t i o n ~ t h  f i -chloropropionyl  chloride was ca r r i ed  out analogously.  The product yield was 
3.11 g f rom 5 g of IIb; it was recrys ta l l ized  f rom hexane. Two spots were present  on the ch romatogram 
run under the same conditions: an orange one with Rf = 0.58 (IX, X= C1) and ayel low one with Rf = 0.75 (X). 

3-(f l -Ethoxypropionyl)-4-methyl- l ,2-dihydro-4H-fi-quinindine (VIII) o A solution of 1 g of the reaction 
product f rom I and fl-bromopropionyl chloride (IX, X = Br  + X) in 30 ml of 5% alcoholic potass ium hydroxide 
was kept at room tempera ture  for  a day and 600 ml of water  was poured in. The mixture was extracted 
with chloroform and dried over  roasted magnesium sulfate. The solvent was evaporated in vacuo and VIII 
was obtained after  recrys ta l l iza t ion  f rom petroleum ether~ 

Aminoketones of the 4-Methyl- l ,2-dihydro-4H-fi -quinindine Series (XIa-c ,  XHa-c). Method 2A. To a 
solution of 0.5 g of VII o r  the reaction product f rom I and fl-chloropropionyl chlo~'ide (IX, X = C1 + X) in 1 ml 
of chloroform was added 5 ml of dimethylamine.  The solution was maintained at about 20~ for a day and 
20 ml of chloroform and 15 ml of water  were added. The chloroform layer  was washed several  t imes with 
water  and passed  through a column packed with aluminum oxide with a degree of activity of II; XIa and XIIa 
were eluted with chloroform (see Table 1). 

Method 2B. Compound VII or  the react ion product  of I and fl-chloropropionyl chloride (IX, X = C1 + X), 
0.3 to 1 g, was heated with a 6 -  to 10-fold (by weight-) quantity of N-methylpiperazine iat 50~ or  morpholine 
(at 60~ until the spot of the start ing substance disappeared completely f rom the TLC (d ich loroe thane-ace-  
tone, 10 : 1). The mixture was diluted threefold with ether,  and the hydrochloride of the start ing amine was 
f i l tered off. The solution was passed  through a column packed with aluminum oxide with a degree of activity 
of II, and XIb, c and XII b, c were eluted with ether  (see Table 1). The react ion in which Xlb is obtained 
proceeds  for  one-half  h, XIIb 1 h, XIc* 1 h, and XIIc 2 h. 

Salts of the ~-Acyl  Derivatives of 4-Methyl- l ,2-dihydro-4H-f i -quinindine.  The Sulfates. To a sa tura-  
ted solution of 0.1 g of the 3-acyl  derivative in acetone with cooling was added a freshly p repared  4-5% solu- 
tion of sulfuric acid in acetone until decolorizat ion was obtained. The precipi ta te  was f i l tered off, washed 
with acetone, and reerys ta l l ized .  Sulfate f rom VI, yield 95%, mp 218-219~ (decomp., f rom alcohol). Found 
%: S 6.78. C27H23NO'H2SO 4. Calculated %: S 6.74. Sulfate from XIb, yield 75%, mp 196-197~ (deeomp., 
from methanol). Found %: S 14.91. C21H27N30"3H2SO 4. Calculated %: S 15.22. 

The Maleates. To a saturated solution of 0.I g of the ketone in absolute ether was added a saturated 
solution of maleic acid in absolute ether until precipitation ceased. The precipitate was filtered off, washed 
with ether, and recrystallized. Maleate from XIa, yield 93%, mp 98-99~ (dec.rap., from acetone). Found %: 
C 65.94; H 6.88. C18H22•20 �9 C4H404. Calculated %: C 66.26; H 6.64. Maleate from XIb, yield 74%, mp 122- 
122.5~ (decomp., from absolute alcohol). Found %: C 56.31; H 5.73; N 6.02. C21H27N30.3C4H404 "H20. 
Calculated %: C 56.30; H 5.87; N 5.98. Maleate from XIIa, yield 84%, mp 137-138~ (decomp., from acetone). 
Found %: C 65.34; H 5.97; N 7.03. CITH20N20. C4H404. Calculated %: C 65.34; H 6.29; N 7.29. Maleate from 
XIIb, yield 95%, mp 136-137~ (dec.rap., from alcohol). Found %: C 58.65; H 5.85; N 7.68. C20H25N30- 
2C4H404 -H20. Calculated %: C 58.65; H 6.11; N 7.33. 

The determination of the pK values (see Table 1) of compounds Ill, IV, VI, VII, XIIa, and XIIb was 
carried out potentiometrieally on their 0.001 M solutions in 80% alcohol (by volume) at 25~ with 0.1 N 
hydrochloric acid employing glass and aqueous calomel electrodes. The pK a values were calculated by 

�9 When synthesizing XIc, the product from the reaction of I and fl-bromopropionyl chloride (IX, X = Br + X) 
was introduced with the morpholine into the reaction. 
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the well known method [5] from eight points corresponding to 10-80% neutralization; a PHM-26 (Radiometr, 
Denmark) potentiometer was used, 

i. 

2o 

3. 

4~ 

5o 
6. 
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