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17.* 10-SUBSTITUTED 9,9-PENTAMETHYLENEHYDRO_ 

ACRIDINES 

L .  M. E r e m e e v a ,  A. I .  B r a t c h i k o v a ,  
V. A. K a m i n s k i i ,  a n d  M. N. T i l i c h e n k o  
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Rather few examples of the synthesis of 4,4-disubstituted 1,4-dihydropyridines [2, 3] and only a few cases 
of the synthesis of such derivatives which do not contain electron-acceptor  groups [4] are  known. 

OH 
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- ' 7  

J V, V 

. .~o~.__ + _ 

) i 
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II a - c  

t lICN 

NC I CN 
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COOCH~ 
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IIc 
NaO__._ .  

I �9 
COONa 

VIII 

II, Vl a R=C~Hs: b R=C6H~OCH~4: 
r R = CGII4COOs 

IV x~O: Y X=NH 

For the purpose of obtaining and studying the properties of compounds of the latter type, we reacted the 
product of the tr imolecular  self-condensation of cyclohexanone, i.e., 8,8-pentamethylenetricyclo-[7, 3, 1, 02,7]- 
t r idecan-2-ol-13-one (I) [5, 6], with pr imary amines. In thepresent  reaction~ ketol I behaved similarly to the 
previously studied self-condensation products of 1,5-diketones [7]. With aniline and its para-substituted deri-  
vatives we obtained the corresponding 10-substituted 9,9-pentamethylenedecahydroacridines (ila-IIc), and with 
ethanolamine, o-aminophenol, and o-phenylenediamine we obtained products of double cyclization [8] (III-V). 

*For repor t  16, see [1]. 
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In the IR spect ra  of compounds I Ia - I Ic  there are  two absorption bands of the C=C bonds at 1630 and 1660 
cm -1. The positions of the bands a re  shifted by 30 cm - t  toward lower frequencies relat ive to the bands of the 
previously studied decahydroacr id ines  [7]. This suggests  that there  is an increase  in the extent of conjugation 
in the dehydropyridine ring of the compounds of type It due to the additional compress ion  of the ring. This is 
supported by the fact that unlike the other decahydroacr id ines ,  the compounds of type II a re  res is tant  to acid 
hydrolysis .  For  example, compound IIa remains  unchanged even during boiling with 60% sulfuric acid. 

In the spec t ra  of compounds II I -V there is a single absorption band at 1650 cm -1. In the spectra  of corn- 
pounds III and IV there  is no absorpt ion of an OH group, but in the spec t rum of compound V there is a single ab- 
sorpt ion band at 3400 cm -1, which cor responds  to a secondary  amino group, tn the PMR spectra  of compounds 
IIa and IIb there  a re  no signals of vinyl protons,  and this conf i rms the positions of the double bonds. In these 
spec t ra  there  is a broadened singlet (4 H) at 2.29 ppm, which can be assigned to the protons of the pentamethyl-  
one group which is located in the o~ position relat ive to the dihydropyridine ring and part ial ly deshielded by the 
double bonds. The mass  spect ra  of compounds IIa and IIb provide masses  of the molecular  ions equal to 333 
and 363, respect ively .  In both mass  spec t ra  there  are  splinter ions corresponding to M - 2 8  and M - 5 6 ,  as welI 
as m /e  28, indicating fragmentat ion of the two cyclohexane rings of the re t rodiene type with the splitting off of 
two ethylene molecules .  

The hydrocyanat ion of compounds IIa and IIb in an acetic a c i d -  dioxane mixture at room tempera tu re  
yields dicyano derivat ives Via and Vib. Under these conditions compound IIc yields unsaturated monocyanide 
VII, probably due to the low solubility of the lat ter .  The hydrocyanation of IIc in an acetic a c i d - D M F A  mixture 
at 80~C resul t s  in the format ion of dicyanide VIc. The IR spect ra  of dicyanides VIa-VIc do not display absorp-  
tion of double bonds, while there  is absorption of cyanogen groups at 2240 cm -1. Monocyanide ViI, on the other 
hand, displays absorpt ion of a C=C bond at 1660 cm -1. 

In accordance  with their  s t ruc ture ,  compounds I Ia- I Ic  are  not oxidized by carbon te t rachlor ide ,  do not 
provide indigo carmine  and methylene blue, and do not undergo disproport ionat ion under the action of acids.  In 
the last case ,  sal ts  form, and stable perch lora tes  of IIa and IIb have been isolated f rom them. Their  IR spec t ra  
contain absorpt ion of CIO4" at 1100 and of double bonds at 1660 cm -1. When thei r  solutions a re  alkalinized, the 
original  compounds Ha and IIb are  regenerated.  

The water-soluble  sodium salt  VIII was obtained from IIc by alkaline hydrolysis .  Along with absorpt ion 
at 1630 and 1660 cm -1 its IR spec t rum has intense absorpt ion of a carboxylate anion at 1560 cm -1, and the ab- 
sorption of the es te r ic  carbonyl  at 1720 cm -1, which is present  in the spec t rum of IIc, is absent. 

The reduction of IIa by a D M F A - c o n c .  HCI mixture [9] produced a derivative of perhydroacr id ine  (iX), 
and, as in the previously descr ibed cases  [9], only one s t e r eo i somer  fo rms .  The IR spect ra  of IX and its hy- 
droehloride do not contain absorption of C=C bonds. In the PMR spect ra  of the compounds the 4a-H proton 
produces a signal in the fo rm of a doublet of t r iplets  with a center  at 2.58 ppm, and the 10a-H proton produces 
a singlet at 3.37 ppm. This picture is completely  analogous to the spectra  of t r ans - an t i - c i s -pe rhyd roac r id ine  
[10] and t r ans - an t i - c i s -9 -me thy lpe rhydroac r id ine  [11], allowing us to postulate the same eonfigurat ion for IX. 
Thus, in this case ,  a s t e r eo i somer  different f rom that formed in the case of the reduction of 9-phenyldecahy- 
droacr id ines  under the same conditions [9], in which t r a n s - s y n - t r a n s  i somers  were obtained, forms.  An ex- 
amination of models revea ls  that in the present  case,  the t r a n s - a n t i - c i s  form is more  stable than the t rans -  
syn- t rans  form,  since considerable  repuls ion between the hydrogen atoms of the pentamethylene group and the 
hydrogen a toms in positions 1 and 8 of the perhydroacr id ine  sys tem is observed in the latter.  

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

The IR spec t ra  were recorded  on a UR-20 spec t rophotometer  in liquid petrolatum and chloroform.  The 
PMR spec t ra  were obtained on a Bruker  HE-90X instrument ,  and the internal  r e fe rence  was TMS. The mass  
spec t ra  were measured  on an MKh-1303 mass  spec t romete r  with d i rec t  introduction of the sample into the ion 
source  and an energy of the ionizing e lect rons  equal to 30 eV. The puri ty of the preparat ions  was monitored by 
TLC on Silufol in petroleum e t h e r - e t h y l  acetate  sys tems  with rat ios  ranging f rom 10:1 to 2:1. The charac -  
t e r i s t i c s  of the compounds synthesized a re  presented in Table 1. 

Reaction of 8 ,8-Pentamethylenetr icyclo[7,  3, 1, 02,7]tr idecan-2-ol-13-one with P r i m a r y  Amines.  A mix- 
ture of 2 g of ketol I with a 10% molar  excess  of the corresponding amine and ~30 mg of p-toluenesulfonic acid 
in 30 ml of acid was boiled with a D e a n - S t a r k  t rap  to the cessa t ion of the l iberation of water (5-8 h). The 
xylene was driven off in a vacuum, the residue was crushed with 10 ml of ethanol, and compounds I1-u  were 
fi l tered off. 
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T A B L E  1. 1 0 - S u b s t i t u t e d  9 ,9-  P e n t a m e t h y l e n e h y d r o a c r  id ines  

Compound " mp. *C 

lIa 
~rchtorat~-IIa 

Ilb 
Perehlorate-IIb 

1Ir 
III 
IV 
V 

Via 
VIb 
Vie 

VII 
VIII 

IX 

C H 

87,0 9,6 
66,6 7,5 
82,9 9,0 
65,4 7,5 
79,6 8.1 
79,8 I 0,5 
82,6b 
81,8 ~,0 
80.0 9,0 
76.9 8,5 
75,5 7,6 
78,0 8,6 
75.6 7,8 
85,7 10,4 

99--100 
171--173 
114--115a 
131--132 
121--122a 
66--67 

135--136 
119--120 
200--202 
171--172 
219--220c 
130--131 
260--261! 
97--98 ] 

Found. % 
Empirical 

N formula 

4,5 C2~Ha~N 
3,2 C:~4H32NCIO4 
4,4 C25HssNO 
2,9 C25Hs4NCIO5 
4,0 C26H33NO2 
4,9 E2oH31NO 

' 4,7 E24HslNO 
8,0 C24H32N2 

10,7 C~Ha3N~ 
9,5 iC27H3sN30 
9,8 C28H35NsO2 
6,9 C27Ha4N202 
3,8 C~sI-I60NO2Na 
4,2 C~4H~N 

Calculated % 

C" H N 

86,5 9,3 4,2 
66.4 7.4 3,3 
82,6 8,4 3,9 
65,7 7,4 3,0 
79,8 8,4 3,6 
79,7 10,3 4,6 
82,5 - -  4,0 
82,7 9,2 8,1 
80,7 8 ,5  10,9 
77,7 8 ,4  10,1 
75,5 7,9 9,4 
77,5 8,4 6,7 
75,2 7,5 ! 3,5 
85,5 10,4 4,2 

Y~c ld0 

69 
62 
61 
77 
47 
73 
57 
24 
82 
92 
67 
60 
59 
89 

a F r o m  d i m e t h y l f o r m a m i d e ,  b A n a l y s i s  by  wet  c o m b u s t i o n .  C F r o m  
d ioxane .  The  r e m a i n i n g  c o m p o u n d s ,  e x c e p t  for  the  p e r c h l o r a t e  of 
Ha,  the  p e r c h l o r a t e  of  I Ib ,  and  VIII, w e r e  r e c r y s t a l l i z e d  f r o m  e t h a -  
nol .  

H y d r o c y a n a t i o n  of  9 , 9 - P e n t a m e t h y l e n e d e c a h y d r o a c r i d i n e s .  A.  A s o l u t i o n  of  7.6 m m o l e  of  KCN in 2 ml  
o f  w a t e r  and  3 ml  of  a c e t i c  a c i d  was  g i v e n  a n  a d d i t i o n  of  a so lu t i on  of 1.3 m m o l e  of I Ia ,  I Ib,  o r  I Ic  in 6 ml  of 
d i o x a n e  wi th  s t i r r i n g  o v e r  the  c o u r s e  of 1 h. The  s t i r r i n g  was  con t inued  for  2 h, and Via ,  Vib,  and ViI, r e s p e c -  
t i v e l y ,  w e r e  f i l t e r e d  off. 

B. A s o l u t i o n  of  7.6 m m o l e  of  KCN in 4 ml  of  w a t e r  a t  80~ was  added  to a s o l u t i o n  of 2.4 m m o l e  of I Ic  
in  a m i x t u r e  of  12 m l  of DMFA and  6 ml  of  a c e t i c  a c i d  with s t i r r i n g  o v e r  the  c o u r s e  of 30 rain.  The  m i x t u r e  
was  h e a t e d  a t  t h i s  t e m p e r a t u r e  fo r  a n o t h e r  3 h 30 ra in  and then  c oo l e d ,  and d i c y a n i d e  VIc was  f i l t e r e d  off. 

R e s p o n s e  of  I I a - I I c  to  CCI 4. A s o l u t i o n  of  0.1 g of  d e c a h y d r o a c r i d i n e  in 1 ml  of CC14 was  b o i l e d  fo r  2 h 
and e x t r a c t e d  t w i c e  wi th  1 - m l  p o r t i o n s  of  w a t e r .  A s o l u t i o n  of  NH4CIO 4 was  added  to the  aqueous  e x t r a c t .  No 
p r e c i p i t a t i o n  of  p y r i d i n i u m  p e r c h l o r a t e s  was  o b s e r v e d .  

P e r c h l o r a t e s  of I Ia  and I Ib .  H y d r o g e n  c h l o r i d e  was  p a s s e d  t h rough  a s o l u t i o n  of  2 m m o l e  of  I Ia  o r  IIb in 
10 m l  of  a b s o l u t e  e t h e r ,  and  the  h y g r o s c o p i c  h y d r o c h l o r i d e  was  f i l t e r e d  off, d i s s o l v e d  in 20 ml  of w a t e r ,  and 
g i v e n  an  a d d i t i o n  of  a s o l u t i o n  of NH4CIO 4. The  p e r c h l o r a t e s  w e r e  f i l t e r e d  off and p u r i f i e d  by  r e p r e c i p i t a t i o n  
f r o m  a n  e t h a n o l i c  s o l u t i o n  wi th  e thy l  e t h e r .  The  p e r c h l o r a t e s  i n d i c a t e d  w e r e  a l s o  ob ta ined  a f t e r  the  bo i l i ng  of 
s o l u t i o n s  of  the  c o m p o u n d s  of  type  H in a c e t i c  a c i d  fo r  2 h ( t e s t  for  d i s p r o p o r t i o n a t i o n )  fo l lowed by  d i lu t ion  
wi th  w a t e r  and  the  a d d i t i o n  of  a s o l u t i o n  of  NHaCIO 4. 

S o d i u m  p - N -  (9,9-  P e n t a m e t h y I e n e d e c a h y d r o a e r i d y l ) b e n z o a t e  (VIII). A 1- g p o r t i o n  (2.5 m m o l e )  of  I Ic  was  
b o i l e d  wi th  2.6 m l  of  a 0.94 N NaOH s o l u t i o n  in  a b s o l u t e  e thano l  o v e r  the  c o u r s e  of 2 h. The  m i x t u r e  was  coo l ed ,  
and  s a l t  VIII was  f i l t e r e d  off  and  w a s h e d  with  a b s o l u t e  e thano l  and e t h e r .  

1 0 - P h e n y l - 9 , 9 - p e n t a m e t h y l e n e p e r h y d r o a c r i d i n e  (IX). A m i x t u r e  of  1.5 g of I Ia ,  9 ml  of DMFA,  and 3 m l  
of cone .  HCI was  h e a t e d  fo r  10 h in  an  aqueous  ba th ,  c oo l e d ,  and  p o u r e d  in to  30 m l  of w a t e r  wi th  s t i r r i n g .  A f t e r  
3 h p r o d u c t  IX was  f i l t e r e d  off,  the  f i l t r a t e  was  a l k a l i n i z e d  with a s o l u t i o n  of Na2CO 3 to  pH 9, and an  a d d i t i o n a l  

quan t i t y  o f  p r o d u c t  IX was  i s o l a t e d .  
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DINES AND 2,3-TRIMETHYLENEHYDROQUINOLINES 
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a n d  M. N.  T i l t c h e n k o  
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Only a few examples  of syntheses  of  de r iva t ives  of 2 ,3 ,5 ,6 -b i s t r imethy lenepyr id ine  and 2 ,3 - t r ime thy lene -  
te t rahydroquinol ine  a r e  known, and no compounds subst i tuted at  the ni t rogen a tom have been obtained [2, 3]. 

We studied the reac t ion  of 2 ,2 ' -methy leneb iscyc lopentanone  (Ia) and 2- (2 ' -oxocyc lopenty lmethyl )cye lo-  
hexanone (Ib) with p r i m a r y  a rom a t i c  amines  for  the purpose  of a sce r t a in ing  the poss ib i l i t ies  of synthesizing N- 
subst i tuted de r iva t ives  of 2 ,3 ,5 ,6 -b i s t r imethy lenepyr id ine  and 2 ,~ t r ime thy lene te t r ahydroqu ino l ine ,  as well  as  
for the purpose  of compar ing  the r eac t iv i ty  of diketones Ia and Ib in the p resen t  reac t ion  with the prev ious ly  
studied 2 ,2 ' -a lkyl idenedicyclohexanones  (ADCH). 

Unlike the A DCH's ,  diketones Ia and Ib did not r e a c t  with mos t  of the amines  we chose (p-aminophenol ,  
methyl  p -aminobenzoa te ,  p-phenylenediamine ,  and benzidine) with the exception of o-aminophenol  and o-phenyl-  
enediamine.  I t  was poss ib le  to isola te  the products  of the reac t ion  of IIa and IIb only with o-aminophenol ,  and 
in the case  of o-phenylenediamine ,  the reac t ion  was accompanied  by intense res in i f ica t ion .  

Compounds IIa and Hb, like the products  based  on the ADCH's  [4], a r e  de r iva t ives  of oxazol inote t rahydro-  
pyridine.  In the i r  IR spec t r a  there  is no absorp t ion  due to OH groups,  and the i r  is a single absorp t ion  band of 
a C = C  bond at  1670 em -1 instead of the two c h a r a c t e r i s t i c  of the decahydroacr id ines  [4]. Compounds IIa  and 
IIb, like the well-known compound IIc [4], provide solutions of methylene blue a f t e r  being p re l imina r i l y  con- 
ver ted  into the dihydropyridine f o r m  A. The t ime  for the production of the dye by compounds IIb and IIc is ap-  
p rox ima te ly  of the s ame  o rde r  of magnitude (IIb is somewhat  fas te r ) ,  while compound IIa produces  the dye two 
o rde r s  of magnitude more  rapidly.  Since the ra te  of reduct ion of the dye is c l ea r ly  de te rmined  mainly  by the 
r a t e  of the opening of the oxazoline r ing,  i t  may  be postulated t ha t i n the  n o n s y m m e t r i c  compound IIb the oxazo- 
!ine r ing  is in a sp i r e  linkage with the cyclohexane,  r a t h e r  than with the cyclopentane f ragment .  In the la t ter  
case ,  the opening should be s ignif icant ly e a s i e r  owing to the s t r e s s e s .  

The reac t ion  of diketones Ia and Ib with p r i m a r y  amines  in the p re sence  of an oxidizing agent,  viz. ,  c a r -  
bon t e t r ach lo r ide ,  p roceeds  fa i r ly  read i ly  to f o r m  pyr id in ium chlor ides  IIIa,  IIIb, and IIIe,  which were  con- 
ver ted  into the r e spec t ive  pe rch lo ra t e s  IVa, IVb, and IVe. We found that  a convenient  method for the synthes is  
of 4 - a r y l - 2 , 3 , 5 , 6 - b i s t r i m e t h y l e n e p y r i d i n i u m  sa l t s  (in the example  of p e r c h l o r a t e s  IVc and IVd) is to r eac t  
cyclopentanone,  benzaldehyde,  and a p r i m a r y  amine  in a 2:1:1 mo la r  ra t io  in benzene in the p resence  of carbon 
t e t r ach lo r ide  and p- toluenesulfonic  acid.  A s i m i l a r  method has  been desc r ibed  for  cyclohexanone [5]. The IR 
spec t r a  of pe r eh lo ra t e s  IVa- IVe  contain an intense absorp t ion  band of C1Q-  at 1100 e m  -1, but they do not con- 
tain absorp t ion  due to C = C  bonds between 1600 and 1700 cm -1, and in the spec t r a  of pe r ch lo ra t e s  IVb and IVe 
the re  is a l so  absorp t ion  of an e s t e r i c  carbonyl  at  1730 cm - i .  

By ca r ry ing  out the reduct ion of chlor ides  IIIb and IIIc (without isolat ing t hem f r o m  the reac t ion  mix ture  
following the i r  synthes is)  with sodium borohydr ide  in an aqueous solution, we obtained the cor responding  1,4- 
dihydropyridine de r iva t ives  Va and Vb, and f rom chloride IIIf  we obtained the known decahydroacr id ine  Vc [6]. 
Thus,  this  method opens up poss ib i l i t i es  for the t rans i t ion  f r o m  diketones Ia and Ib to compounds with a 1 ,4-di-  
hyd r opy r id ine  s t ruc tu re .  

* For r e p o r t  17, see [1]. 
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