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The effect of substituents in the 9 and 10 positions on the reduetive capaci t ies  of 9,10-disub- 
stituted decahydroacr idines  was established in the case of the reduction of organic dyes 
(Methylene Blue, Indigo CarmIne,  and Bri l l iant  Green). 

Continuing our  r e s e a r c h  [2] on the  reductive proper t ies  of N-substi tuted decahydroacr idines ,  we as-  
cer ta ined the effect of the nature of the substituents in the 9 and 10 posit ions on the reductive activity of 
9,10-disubsti tuted decahydroacr idines  (I-XXVI). Studies of this type have not been made for  1,4-disubst i -  
tuted 1,4-dihydropyridines  that do not contain e l ec t ron-accep to r  groups.  

Most of the indicated decahydroacr idines  reduce the organic dyes Methylene Blue and Indigo Carmine,  
and some of them reduce Bri l l iant  Green. Indigo Carmine is reduced in a lmost  all cases  only In acidic 
media (ionic hydrogenation), whereas  the other  two dyes, which contain cations, undergo reduction without 
the addition of acid. 

The following o rde r s  (in the o rde r  of increasing decolorizat ion time) were obtained with respec t  to 
the t ime required for  decolorizat ion of the dyes by various decahydroacr idines  in dimethylformamide 
(DMF). 1) Decolor izat ion of Indigo Carmine:  XV < XIV < XII < X]II << XXI < II < I <jXIX < XVI < XI < XXIV < 
VI < XXIII < XXII ~ XXV. The las t  two member s  of the se r i e s  did not deeolor ize  Indigo Carmine under  the 
experimental  conditions. The Hantzseh e s t e r  (XXVII) decolor ized  it at about the same rate  as VI and XXIIL 
2) Decolorizat ion of Methylene Blue: XV < XIV < XVn7 < XIII < XVII < XI < VI < XXVII < n-r < IV < V < I I <  
IX < I < XVI < XXVI. 3) Decolor izat ion of  Bri l l iant  Green: XV < XVIII < XIV. The remaining deeabydro-  

acr idines  did not decolor ize  this dye. 
R 

R' 

I-XXVI 

I R=i~'=CsHs; II R=C6H4OCH~-p. I~'=C~H~; III R=C6H4N(CH~)2-p. R'=CsHs; IX' R = a - f u r y l ,  
R'=C~H~: V R=C~II~. R'=CsH~OC~H~-p: VI R=C~H~. R'=CsI44NiC~_Hs)._-p; VII t~=C6Hs. R'=CsI4~N().D: 
VIII R=CsHs. R'=C6H4Br-m; IX R=CsHs. R'=C6H4OCHs-o; X R=CsHs; R'=C6H4OH-p; XI R=CsH4OCHs-p. 
R'=CsH4N(C_.Hs):p: XII R=C6HA)CH~-p. R'=CH2CsHs; XIII R=C6Hs. R'=CH~CsHs; XIV R=CH~. 

R'=CH2CsHs; XV R=H. I~'=CH~C6Hs; XVI R=CsHs. R'=C~H4COOCHs-P; XVII R=CH3. R "= 
=C~.H,COOCH3-p; XVIII I~=H. R'=C6H4COOCHs-p; XIX I~=CsHs. R'=C6H4OH-o; XX R=CHs. R '=  
=CsH4OH-o; XXI l~=H. R'=CsH~OH-o; XXII I~=C~Hs. R'=CCHiNH~-o; XXII! R=CHa. R'=CeH~NH~-o; 

XXIV R=H. I~'=CsH~NH:-o; XXV R=C~Hs. R'~CH~CH2OH; XXVI R-~C~Hs. R.= c y a l o - C s H l l  

The N-benzyl derivat ives were the most  act ive compounds. In par t icular ,  they decolor ize  Indigo 
Carmine in the p resence  of weak acids (oxalic and acetic), and XV decolorizes  it even when acid is absent, 
whereas  the other  decahydroacr idines  decolor ize  it only when HC1 is p resen t  and are  inactive even in the 
p resence  of t r i f luoroacet ic  acid. The reductive capacit ies  of the decahydroacr idines  depend on the nature 

* See [1] for  communicat ion XV. 
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T A B L E  1. D e c a h y d r o a c r i d i n e s  H-XXVI 

C o r n -  

II 
Ill 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XlI 
XIV 
XV 

XVII 
XXVI 

rap, ~ 

1t4--116 
118--119 
125--126 
88--9O 

132--134 
93--95 

133--135 
>100 (dec.) 

136---137 
67--69 

Oi l  
37--38 
80--82 
94--96 

Found, ~o 
C H 

83,8 8,0 
84,3 8,7 
84,7 8,5 
83,6 8,8 
77,4 6,9 
70,5 6,7 
83,6 7,9 
83,2 7,5 

8Y,3 
85,9 9,4 
86,6 8,4 
78,1 8,3 
85,8 9,7 

Empirical 
N formuM 

C2sH29NO 
C27HnN~ 
C=THsINO 
C29H~N2 
C~H~N202 
C~HsoNBr 
C2~H29NO 
C~H~NO 
CsoHssN20 
C27HsINO 
C21H~TN 
C~oH2sN 
C22H27NO2 
%sHssN 

Calculated 

C H 

84,3 7,8 
84,4 8,3 
84,2 8,1 
84,4 8,7 
77,7 6,7 
70,8 7,1 
84,3 7,8 
84,0 7,6 
81,5 8,6 
84,2 8,1 
86,0 8,9 
86,0 9,2 
78,3 8,0 
86,3 9,5 

3.8 
7,3 
3,6 
6,8 
7,3 
3,3 
3,8 
3,9 
6,3 
3,7 
5,0 
4,9 
4,2 
4,0 

m 
Yield, 

~o 

54 
67 
35 
20 
66 
14 
60 
62 
68 
37 
34 
34 
80 
58 

TABLE 2. Condi t ions  f o r  the Reac t ion  of  D e c a h y d r o a c r i d i n e s  
with the Dyes  

Dye 

!.nd~0 Carmine 

�9 The same 
Methylene 
Blue 

The same 
Brilliant 
Green 

[Decahy- 
Decahydro- [drqar 
acridines [ dine concn. 

iN 

I, II, VI, XI, XVI, 
XIX--XXV, XXVII 
Xll, XlII, XV 
I--VI, lX, XI, XVI, 
XVII, XXVI, XXVII 
XIII--XVItI 
XIV, XV. XVIII 

0,027 

0,015 
0,012 

0,007 
0,011 

Decah~dro- 
acri- 
dine: dye 
ratio 

15:1 

15:1 
10:l 

3:1 
3:1 

remp 
~ 

17 

25 
22 

22 
22 

Acid 

0,18M HCI 

0,3M (COOH)= 

p 

TABLE 3. Rate  Cons tan t s  f o r  the Reduct ion  of Methylene  Blue  

1 , 1 , ,  x I Xv, 
 l =.molo"'soc" I  4,9 
k �9 10 "3, sec "1 1,0 1,7 

IIl V IV]  [Vll 

32.2 15,0 ] 50,8 ] 0.4.1 
2,4 2,0 5,7 -- 

1,9 I 14.2 ] 1.3 
0,2 -- 0.2 

of  the subs t i tuen t  in the 9 pos i t ion  and d e c r e a s e  sha rp ly  in the subs t i tuen t  o r d e r  H, CH3, C6I-I5; this is in a g r e e -  
m e n t  wi th  the data  on the d e c r e a s e  in the reduc t ive  ac i t iv i ty  of 1 , 4 - d i h y d r o p y r i d i n e s  when subs t i tuen ts  a r e  in- 
t r oduced  in the 4 pos i t ion  [3]. Donor  g roups  in the phenyl  r ings  in both the 9 and 10 pos i t ions  a c c e l e r a t e  the 
r educ t ion  of the dyes ,  while  a c c e p t o r  g r o u p s  slow it down. In p a r t i c u l a r ,  the d ie thy lamino  g roup  s lows down 
the r educ t ion  of  Indigo C a r m i n e  in ac id ic  med ia  (I < VI) but  a c c e l e r a t e s  the r educ t ion  of  Methylene  Blue when 
ac id  is absen t  (VI < I). The in t roduct ion  of o - h y d r o x y  and o -aminopheny l  subs t i tuen ts  in the 10 pos i t ion  leads  
to a d e c r e a s e  in the r educ t ive  ac t iv i ty  of the d e c a h y d r o a c r i d i n e s ,  evident ly  b e c a u s e  of the f i v e - r i n g  s t r u c t u r e  
of  XIX-XXIV [4]. Opening of the azo l ine  r ing of  these  compounds ,  Which is n e c e s s a r y  f o r  the mani fes ta t ion  of  
the r educ t ive  p r o p e r t i e s  [4], evident ly  takes  p lace  with g r e a t e r  diff icul ty in the c a s e  of o - a m i n o p h e n y l d e c a h y -  
d r o a c r i d i n e  t h a n  in the c a s e  of o - h y d r o x y p h e n y l d e c a h y d r o a c r i d i n e .  

The r a t e  of d e c o l o r i z a t i o n  of the dyes  depends on the so lvent  used:  in the c a s e  of the r educ t ion  of  Indigo 
C a r m i n e  and  Methylene  Blue  with I, V, and XVI the d e c o l o r i z a t i o n  t ime i n c r e a s e d  in the so lven t  o r d e r  ethanol  < 
ace tone  < DMF; and the o r d e r  of d e c r e a s i n g  r eagen t  ac t iv i ty  (V > I > XVI) was  re t a ined  in al l  of the so lvents .  
The d e c o l o r i z a t i o n  t ime  i n c r e a s e d  in the so lven t  o r d e r  dioxane < ethanol  < ace tone  < benzene  < DMF in the r e -  
duct ion of  B r i l l i a n t  G r e e n  with XVIII. In ge ne ra l  a c e r t a i n  tendency f o r  a c c e l e r a t i o n  of r educ t ion  in m o r e  
p o l a r  so lven ts  is t r aced ;  the p a r t i c u l a r  ac t iv i ty  of d ioxane is p robab ly  due to this  abi l i ty  to f o r m  c o m p l e x e s  

In o r d e r  to quant i ta t ive ly  eva lua te  the e f fec t  of subs t i tuen ts  in the phenyl  r ings  Of 9 , 1 0 - d i a r y l d e c a h y d r o -  
ac r id ine  we inves t iga ted  the k ine t ics  of the r educ t ion  of Methylene  Blue with two s e r i e s  of compounds :  s e r i e s  
A, c o m p o s e d  of I, V-VHI,  X, and XVI, and Ser ies  B, c o m p o s e d  of I -HI .  The data  obta ined in ethanol  at  a d e -  
c a h y d r o a c r i d i n e - t o - M e t h y l e n e  Blue  m o l a r  ra t io  of 2 : 1  with s u p e r i m p o s i t i o n  of the r a t e  cons tan t s  f r o m  a s e c -  
o n d - o r d e r  r a t e  equat ion showed that  the log ( k / k  0) va lues  obta ined (where k 0 is the r a t e  cons tan t  in the c a s e  of 
I} c o r r e l a t e  s a t i s f a c t o r i l y  with the ~0 cons tan t s  of the c o r r e s p o n d i n g  subs t i tuen ts  (Fig. 1). F o r  s e r i e s  A, P = 
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\ 

Fig.  1 .  Dependence of log (k /k  0) 
on (r~ 1)  s e r i e s  A; 2) s e r i e s  B.  

- 1 . 7 ,  as  c o m p a r e d  with - 1 . 1  fo r  s e r i e s  B. This co r re l a t ion  is re ta ined  in the reduct ion in DMF at a decahy-  
d r o a c r i d i n e - t o - M e t h y l e n e  Blue ra t io  of 10 :1  in the ca se  of calculat ion of the r a t e  constants  f r o m  a f i r s t - o r d e r  
r a t e  equation (a pseudomonomolecu la r  react ion) .  In this case  p = - 1 . 8  fo r  s e r i e s  A, and p = - 0 . 9  for  s e r i e s  B. 
The data obtained may  s e r v e  as an indication that  hydr ide- ion  t r a n s f e r  f r o m  the decahydroacr id ine  to the com-  
pound undergoing reduct ion occurs  in the b imo lecu la r  complex in the r a t e -de t e rmin ing  step of the reduction; 
this is,  in genera l ,  c h a r a c t e r i s t i c  for  1 ,4-d ihydropyr id ines  [5]. Substituents in the phenyl r ings  of 9 ,10-d ia ry l -  
decahydroacr id ine  have only an inductive effect  on the t rans i t ion  state,  and this effect  is s t r onge r  in the 10 po-  
si t ion than in the 9 posi t ion.  

E X P E R I M E N T A L  

The solvents  used in this r e s e a r c h  were  pur i f i ed  by the method in [6]. Compounds I, IV, XIII, XVI, and 
XVIII-XXV were  p rev ious ly  obtained in [4, 7, 8]. The remain ing  decahydroacr id ines ,  except  fo r  XV, were  ob-  
tained fo r  the f i r s t  t ime  f r o m  2 ,2 , -methylenedicyclohexanone  (XXVIII) and 4-subs t i tu ted  2 ,3 - t e t r ame thy leneb i -  
cyc lo[3 .3 .1 ]nonan-2-o l -9-ones  (R = CH3, C6H 5) by reac t ion  with the appropr ia t e  p r i m a r y  amines  by a s i m i l a r  
method (by refluxing with w a t e r  separa t ion  in xylene fo r  II, IH, V, VI, IX-XI, XVII, and XXVI and in benzene 
fo r  VIII, VII, and XII-XIV). 

10 -Benzy ldecahydroac r id ine  (XV). A 5.2-g (0.025 mole) of XXVIII and 3 g (0.028 mole) of benzylamine  
w e r e  d issolved in 10 ml  of ethanol,  and the solution was allowed to stand at room t e m p e r a t u r e  in an argon a t -  
m o s p h e r e  fo r  24 h, during which the init ially f o rmed  oil g radual ly  c rys ta l l i zed .  The reac t ion  product  (XV) was 
r emoved  by f i l t ra t ion  and pur i f ied by f reez ing  out f r o m  a c e t e n e - e t h a n o l  (1 : 3) at  - 5 0  ~ The compound rapidly 
turned brown in a i r .  All of the s p e c t r a  of the decahydroacr id ines  obtained fo r  the f i r s t  t ime  contain a ch a r ac -  
t e r i s t i c  double band at 1660-1690 cm -1. 

Kinet ics  of the Reduction of Methylene Blue. 1) De te rmined  with a KF-5  c o l o r i m e t e r  with a g reen- l igh t  
f i l t e r  at  a cuvet te  th ickness  of 1 m m  in a dry box in an a rgon  a t m o s p h e r e  at  20 ~ The d ihydroacr id ine - to -  
Methylene Blue m o l a r  ra t io  was 2 : 1, and the solvent  was absolute  ethanol.  2) De te rmined  with an Fl~K-M 
c o l o r i m e t e r  with a g reen - l igh t  f i l t e r  a t  a cuvette  th ickness  of 5 m m  at  20*. The d ihydroacr id ine- to -Methy lene  
Blue m o l a r  ra t io  was 10 : 1 and the solvent  was DMF. The ra te  constants  found by these  methods a r e  p resen ted  
in Table 3. 
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