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The r ecen t ly  conducted sys t ema t i c  s tudy of the c h e m i s t r y  of t r i acy lmethane  compounds led us to the 
need of studying the reac t ion  of the 3,4-dihydroisoquinol ines  (VI) with 2 -ace ty l - l , 3 - cyc loa lkaned iones  (I)- 
(V). This  react ion,  s i m i l a r  to the well-known t r ans fo rma t ions  of enolizable f i-diketones under  the influence 
of Schiff bases ,  leads in the case  of cyclohexane f l - t r iketones  (HI)-(V) to dibenzo[a,f]quinolizines (VII)-(X) 
[1, 2]. In view of the ease  of fo rma t ion  of the l a t t e r  and the i r  obvious s t ruc tu ra l  re la t ionship  to the biologi-  
ca l ly  highly act ive isoquinoline alkaloids of the t e t r ahyd robe rbe r ine  (XIII) and chelidonine (XIV) s e r i e s  it 
s eemed  of in te res t  to s tudy the reac t ion  of dihydroisoquinoline (Via) with cyclopentane f i - t r ike tones  (I) and 
(II). The cor responding  benzo[a]cyclopentano[f]quinol izines (XI) and (XII) a r e  fo rmed  as the r e su l t  of the 
p r o g r e s s  of this react ion.  The indicated compounds should apparent ly  p o s s e s s  the p r o p e r t i e s  of quinoli- 
zines (ViI)-(X), but they can also be regarded  as being the 8-aza  analogs of es t rone  (XV), f r o m  which they 
di f fer  by the absence  of an angular  methyl  group at Ct3. 

The re la t ive  ava i lab i l i ty  of the vinylog l ac t ams  (ViII)-(XH) made it poss ib le  to study the i r  behavior  in 
ce r t a in  t r an s fo rm a t i ons ,  main ly  under  the influence of var ious  e lec t rophi les ,  in o rder  to approach  the syn-  
thes i s  of compounds belonging to the 8 -azaes t rone  se r i e s .  

When alcohol solutions of equivalent amounts  of f i - t r iketones  (IH)-(V) and dihydroisoquinoline (Via) 
were  heated the cor responding  cyclodehydrat ion products  were  obtained in 50-60% yield. The i r  absorpt ion  
s p e c t r a  t es t i fy  to the p r e s e n c e  of the enaminodicarbonyl  grouping in the molecules ,  which appea r s  in the 
IR spec t r a  as a c h a r a c t e r i s t i c  set  of bands in the 1500-1700 em -t region,  and in the UV s p e c t r a  as two in- 
tense  bands in the 260-310 nm region.  The s i m i l a r i t y  of these  spec t r a  with the cor responding  spec t r a  of 
the vinylog amides  of the (XVII) [3] and quinolizine (VII) [2] s e r i e s  makes  it poss ib le  to cons ider  the men-  
tioned cyclodehydrat ion p roduc t s  as being quinolizines (ViII)- (X) . The fo rmat ion  of the l a t t e r  evidently 
includes,  as an in te rmedia te  step,  sa l t  fo rmat ion  between the base  (Via) and the vinylogs of carboxyl ic  
acids ,  which the enolic f o r m s  of the f i - t r ike tones  (III)-(V) actual ly  are .  An in te rmedia te  compound of this 
type, obtained f r o m  2 -ace ty l - l , 3 - cyc lopen taned ione  (I), p roved  to be quite stable.  Long heating of this 
compound leads to the cyclodehydrat ion  product  in ~35% yield; here  no advantages  were  observed  when 
compared  with using the s ta r t ing  components  (I) and (Via), without isolat ing the cor responding  ammonium 
salt ,  in the reac t ion .  An analogous end product  is fo rmed  when base  (Via) is r eac ted  with the bicycl ie  
f i - t r ike tone  (II). A c o m p a r i s o n  of the IR and UV spec t r a  of the obtained compounds with those of the p r e -  
v ious ly  synthes ized by us [4] vinylog amides  of the cyclopentane s e r i e s  (XVI) indicates that the s ame  
enaminodicarbonyl  grouping is p r e s e n t  in the f o r m e r .  On this bas is  the compounds fo rmed  f r o m  p - t r i -  
ketones  (I) and (II) and hydroisoquinoline (via) a re  r egarded  as r e s p e c t i v e l y  being benzoquinolizines (XI) 
and (XII). 

The s t r u c t u r e  of the vinylog l ac t ams  (ViII)-(XII) was conf i rmed by the data of the m a s s  spec t r a  and 
the NMR spec t r a .  The intense peaks  of molecu la r  ions a re  p re sen t  in the m a s s  s p e c t r a  of all of the studied 

* See [i] for preliminary communication. 

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR. Translated from 
Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 9, pp. 2078-2083, September, 1972. Original 
article submitted February 15, 1971. 

�9 197J Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

2014 



OH -0 0-- 0 0 0 

12 2 

0/"~"~ / )  R I l 
(1) X ~  ~ 

O O R:RI=H (llI) X=H (a) 
i H , 

~ / ~ / /  R=RI:Me (IV) X=OMe (6) X:OMe; R:I~i=Me (Vii) 

R=H; Rl=ph (V) X=R=RI=I-I (VIII) 
X=H; R=R/=Me (IX) 

tiI) 
i(,.~a ) (I)/(X :H) X=R=H; RI= Ph (YO 

f o o O O 

0 Q l+ + 

O H ~ 3 

-H20 g 5 

(XIi) (I" Via) (XI) 

~ Otde HO 0 0 0 0 

(XIID (XIV) (X V) a = 2 (XVll) 

compounds.  The i r  subsequent f ragmenta t ion  depends on the nature  of the D r ing of the quinolizidine mo le -  
cule. In pa r t i cu la r ,  the s p e c t r u m  of the pentaeycl ic  product  (XII) apparen t ly  indicates the initial a r o m a t i -  
zat ion of the D ring, s ince the s pec t rum  of the dimethyl  der iva t ive  (IX) is c h a r a c t e r i z e d  by two intense 
peaks ,  which co r respond  to the c leavage  of a methyl  group (m/e  280) and re t rod iene  decomposi t ion  (m/e  
239). Fu r the r  decomposi t ion  p roceeds  with a c leavage of r ing C, which leads in all cases  to the fo rmat ion  
of the dihydroisoquinoline f r agmen t  with m / e  130. 

The NMR s pec t r a  of the d i scussed  compounds exhibit in the region 5 4.9-5.1 ppm the c h a r a c t e r i s t i c  
r e sonance  signal of an angular  benzyl  pro ton  at Cll b for  (VIII)-(X), or  at C10 b for  (XI) and (XII). The signal 
has the shape of four lines of app rox ima te ly  equal intensity,  with J 5-6 and 12-14 Hz. It was shown by the 
double resonance  method that this quar te t  r e p r e s e n t s  the X p a r t  of the ABX spec t rum,  which is fo rmed  by 
the coupling of the mentioned benzyl p ro ton  with the protons  of the adjacent  methylene  group at Cll (CI2). 
In this connection the shape and posi t ion of the signal make it poss ib le  to a s sume  that the dihedral  angles 
with the methylene protons  a re  approx ima te ly  180 and 60 ~ [5], in which connection the benzyl p ro ton  i tse l f  
should occupy a p redominan t ly  quasiaxia l  posi t ion [2, 6-11]. Bohlmann bands a r e  absent  in the IR s p e c t r a  
of all of the quinolizidines (VIII)-(XII) in the 2700-2800 em -1 region [12, 13]. 

Vinylog l ac t ams  (VIII)-(XII), s i m i l a r  to enaminodiketones (XVI) and (XVH), proved  to be v e r y  inert  
compounds chemical ly .  The main effor ts  to effect  the i r  s t ruc tu ra l  modificat ion reduced to a t tempting to 
inse r t  an angular  alkyl (mainly methyl) subst i tuent  in o rde r  to enter  the s e r i e s  of 8 - a z a e s t r a n e  der iva t ives .  
However,  the var ious  kno~m methods for  the C-a lkyla t ion  of vinylog amides  used by us fai led to lead to the 
des i red  r e su l t s  in the cases  of (VIII)-(XII). In addition, the theore t i ca l ly  poss ib le  N- and O-alkylat ion 
products  of these compounds were  not detected.  This r e su l t  is unexpected, e spec ia l ly  if it is cons idered  
that  var ious  techniques for  the alkylat ion of vinylog l a c t ams  of the type of (VIII) or  (XI), but not containing 
the additional keto function, a r e  desc r ibed  in the l i t e ra tu re  [8, 14, 15]. The p r e s e n c e  of the l a t t e r  appa-  
r en t ly  causes  a s t ronge r  delocal iza t ion  of the unshared pa i r  of e lec t rons  than in the vinylog lactan:ls, which 
should lead to an inc rease  in the act ivat ion energ ies  of p r o c e s s e s  involving such a grouping (cf. [10, 16]). 
The anionoid C-methy la t ion  of quinolizine (XI) observed  by us can se rve  as some conf i rmat ion  of this .  The 
reac t ion  p roceeds  under d ra s t i c  conditions and leads to the fo rmat ion  of product  (XVIII) in l ess  than 5% yield. 
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The s t ruc tu re  of (XVIII) follows f rom the data of the v ibra t ional  s p e c t r a  and the NMR spec t rum (in CDC13) , 
in which, in pa r t i cu la r ,  is p r e s e n t  a doublet signal (J = 7 Hz) f r o m  the protons  of the methyl  group (6 1.3 
ppm),  while the above indicated ABX spin s y s t e m  is re ta ined ,  with the X p a r t  at 5.0 ppm (center  of quadru-  
plet).  The la t t e r  would be imposs ib le  in the ease  of the a l t e rna te  s t ruc tu re  (XIX), which contains a methyl  
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subst i tuent  at Cir. Our a t t empts  to accompl i sh  the independent synthesis  of the methyla ted  product  (XVIII) 
(or its i somer)  by the reduct ive  c leavage under  var ious  conditions of the cyclopropane ring in the penta-  
cyclic  base  (XII) proved  unsuccessful .  In pa r t i cu la r ,  this compound, the s ame  as the other  quinolizines 
(VIII)-(X1), p roved  to be s table  under  e i ther  catalyt ic  or  ionic hydrogenat ion conditions. In addition, they 
a r e  all  s table  toward acids and bases .  

According to [2], the m e c h a n i s m  for  the fo rmat ion  of the quinolizidines d iscussed  here  include as the 
control l ing step the reac t ion  of the methyl  group of the acetyl  in the /? - t r ike tone  with the C = N bond in the 
dihydroisoquinoline molecule .  As a resul t ,  the in te rmedia te  amino t r iketone (XX) should be fo rmed in this 
s tep in the f o r m  of the cor responding  p r e f e r r e d  tau tomer .  This can explain, for  example,  the above men-  
tioned s lower  p r o g r e s s  of the reac t ion  of base  (Via) with 2-aeetylcyclopentadione (I) when compared  with 
the cyclohexane f l - t r ike tones ,  which exis t  a lmos t  comple te ly  in the fo rm of enols of the (III)-(V) type. Ac-  
tually, in con t ras t  to them,  the cyclopentane analogs,  being s t ronger  acids,  a re  c h a r a c t e r i z e d  by an appre -  
ciable por t ion  of a -hydroxye thy l idene  t a u t o m e r s  of the (I) type, with an exocyclic double bond [17]. Conse-  
quently, the act ivat ion of the methyl  group of the acetyl  in (I), which r eac t s  with the C = N  bond, should be 
cor responding ly  lower  than in the cyclohexane se r i e s .  

On the bas is  of this scheme ,  it could be expected that the condensation of the dihydroisoquinolines 
(VI) with the O- and C-methy l  de r iva t ives  (XXI)-(XXIII) of the f l - t r iketone (III), p rev ious ly  synthesized by 
us [18, 19], will p roceed  in an analogous manner .  As a resul t ,  the fo rmat ion  of products ,  which cannot be 
obtained by the above d i scussed  modif icat ion of the vinylog lac tam (VIII), could be expected f rom the 
nonenolizable di-  (XXII) and t r ike tone  (XXIII) 
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As it proved,  e ther  (XXI), which p o s s e s s e s  acid p rope r t i e s  [18, 20], gives with base  (Via) a hygro-  
scopic  sal t l ike compound, which, however,  fai ls  to undergo fu r the r  changes even on long heating. The 
condensat ion of the dihydroisoquinolines (VI) with methyl  ketones (XXII) and (XXIII) under var ious  conditions 
also fai led to lead to the des i red  resu l t s .  The reac t ion  between these components ,  which p roceeds  to 
not iceable  degree  in po la r  p ro t ic  media ,  is accompanied  by c leavage of the t r i acy lmethane  grouping. Such 
c leavage during reac t ion  with base  (VIb) was desc r ibed  for  diketo e s t e r  (XXIV) [11], and was also observed 
by us under  other  conditions in the cases  of (XXII) [18] and (XXIII) [19]. 

As a resul t ,  the d i scussed  data indicate the need for  seeking other  ways of modifying the quinolizidine 
molecu les  (VIII)-(XII) in o r d e r  to enter  the s e r i e s  of 8 - a z a e s t r a n e  compounds,  which will be d iscussed  by 
us in subsequent  communicat ions .  

EXPERIMENTAL METHOD 

The melting points were determined on a Kofler block. The IR spectra were obtained on an UR-10 

instrument as KBr pellets, the UV spectra were taken on an ERS-2 spectrophotometer in alcohol solution, 

while the NMR spectra were taken on a Varian DA-60 speetrophotometer in trifluoroacetic acid solution, 

using HMDS as the internal standard. The mass spectra were obtained on an MKh-1303 spectrometer, with. 

direct insertion of the sample into the source. 

P r e p a r a t i o n  of 18-Nor-8-aza-D-homo-Al 'a '5( i~  (VIII)-(X). A solu-  
tion of 3 g o f  2 -aoe ty ld ihydro reso re ino l  (III) [21] and 2.6 g of dihydroisoquinoline (Via) [22] in 100 ml of a lco-  
hol was ref luxed for  3 h, a f te r  which the obtained prec ip i ta te  was f i l tered,  washed on the f i l te r  with chilled 
alcohol,  and r e c r y s t a l l i z e d  f r o m  the s ame  solvent.  We obtained 3 g (56%) of 2 ,3,4,7,8,11b,12,13-octahydro-  
1H-d ibenzo- [a ,  f ] - l ,13-quinol iz inedione (VIII) as co lo r l e s s  p r i s m s  with mp 212-214 ~ Found: C 76.06; 
H 6.40; N 5.31%. CI7HITNO2. Calculated:  C 76.38; H 6.41; N 5.24%. Inf ra red  spec t rum (~, cm-l ) :  
1530, 1595, 1670. Ul t raviole t  s pec t rum  (Xmax, nm): 266 (e 15,400), 306 (e 17,300). 

In a s i m i l a r  manner ,  when an alcohol solution of equimolar  amounts  of 2-ace ty ld imedon (IV) [23] and 
dihydroisoquinoline (VIa) was ref luxed fo r  5 h we obtained a 55% yield of 3 ,3-dimethyl-2,3 ,4 ,7 ,8 ,11b,12,13-  
oc t ahyd ro - lH-d ibenzo [a ,  f ] - l ,13-quinol iz inedione (IX) with mp 195-197 ~ (from alcohol). Found: C 77.15; 

2016 



H 7.35; N 5.21%. C19H21NO2. Calculated: C 77.26; H 7.17; N 4.74%. In f ra red  spec t rum:  (v, cm-1): 
1520, 1600, 1680. Ul t raviole t  spec t rum (?'max, nm): 267 (e 13,200), 310 (e 17,500). 

In a s im i l a r  manner ,  f rom f l - t r iketone iV) [23] and base  (Via) when ref luxed for  3 h we obtained a 
50% yield of 3 -phenyl -2 ,3 ,4 ,7 ,8 ,11b ,12 ,13-oc tahydro- lH-d ibenzo[a ,  f ] - l ,13-quinol iz inedione  (X) as co lo r -  
less  needles  with mp 262-263 ~ (from alcohol). Found: C 80.41; H 5.98; N 3.88%. C23H21NO 2. Calcu-  
lated: C 80.44; H 6.16; N 4.08%. In f ra red  spec t rum (v, era-i) :  1515, 1612, 1680. Ul t ravio le t  spec t rum 
(hmax, nm): 268 (a 16,000), 308 (e 19,200). 

P r e p a r a t i o n  of 18-Nor-8-aza-AI,3,5( i~ (XI) and (XII). To a s t i r r ed  
solution of 2.8 g of f r e sh ly  dis t i l led dihydroisoquinoline (Via) in 10 ml of e ther  was added a solution of 3 g 
of f r e sh ly  r e c r y s t a l l i z e d  f i - t r iketone (I) [24] in 50 ml  of e ther .  A pale yellow c rys ta l l ine  p rec ip i ta te  was 
obtained, which was f i l te red,  washed on the f i l te r  with hexane, and dried in vacuo. We obtained about 
5.8 g of the 3,4-dihydroisoquinoline sa l t  of 2 - ace ty l - l , 3 - eyc lopen tad ione  ( I 'VIa )  with mp 177-179 ~ Found: 
C 71.07; H 6.40; N 5.16%. C/6HtTNO 3. Calculated: C 70.83; H 6.32; N 5.16%. In f ra red  spec t rum 
(v, era-i) :  1425, 1445, 1500, 1600, 1670, 2700-3200 (broad band). 

A solution of 5.8 g of the (I" Via) sa l t  in 350 ml of methanol  was ref luxed for  3 h, a f t e r  which it was 
evapora ted  in vacuo and the res idue  was r e c r y s t a l l i z e d  f rom alcohol. We obtained 1.8 g of 1 ,2 ,3 ,5 ,6 ,10b, l l ,12-  
oc tahydrobenzo[a]eyclopentano[f ] - l ,12-quinol iz inedione (XI)as co lo r l e s s  p la tes  with mp 295-297 ~ Found: 
C 75.78; H 6.07; N 5.63%. Cl~HisNO2. Calculated: C 75.87; H 5.97; N 5.53%. In f ra red  spec t ru m 
(v, cm- i ) :  1485, 1565, 1590, 1625, 1695. Ul t raviole t  spec t rum (kmax, am):  259 (~ 28,800), 293 (e 17,600). 

A solution of 3.2 g of f i - t r iketone (I) and 3 g of dihydroisoquinoline (Via) in 150 ml  of alcohol was r e -  
fluxed for  5 h, a f te r  which the obtained p rec ip i t a t e  was f i l tered,  washed on the f i l t e r  with chilled alcohol,  
and r ec ry s t a l l i z ed  f r o m  the s ame  solvent.  We obtained 3 g (52%) of quinolizine (XI) with mp 290-295 ~ 
which failed to dep re s s  the mixed mel t ing point with the above -desc r ibed  sample  of (XI). 

In a s i m i l a r  manner ,  when an Mcohol solution of equimolar  amounts of the bicycl ie  ~- t r ike tone  (II) 
[25] and dihydroisoquinoline (Via) was ref luxed for  3 h we obtained a 55% yield of 2 ,3-methyler /o-  
1 ,2 ,3 ,5 ,6 ,10b , l l ,12-oc tahydrobenzo[a]eyc lopentano[f ]quinol iz ine- l ,12-d ione  (XII) with rap 284-286 ~ ( f rom 
alcohol).  Found: C 76.58; H 5.71; N 5.09%. CtTHisNO 2. Calculated: C 76.96; H 5.70; N 5.28%. 
In f ra red  spec t rum  (v, em-~): 1485, 1565, 1590, 1615, 1680. Ultraviolet  spec t rum (kraax, rim): 272 
(e 11,100), 303 (~ 12,700). 

Methylation of Quinolizine (XI). A mix ture  of 1.5 g of quinolizine (XI) in 10O ml of DMF, p rev ious ly  
dis t i l led over  ca lc ium hydride,  and 380 mg of 7(F/o Nail was s t i r r ed  in an a rgon  a tmosphe re  for  25 rain at 
r oom t e m p e r a t u r e ,  and then for  30 rain at 50-70 ~ in which connection the l ibera ted  hydrogen was collected;  
the yield was 102 ml (75% of theory) .  To the obtained solution of the Na sal t  at room t e m p e r a t u r e  was 
added 4 ml  of MeI, the mix ture  was let  stand for  15 rain, and then it was evapora ted  in vacuo, t r ea t ed  with 
water ,  and ex t rac ted  with ch loroform.  The ex t rac t  was worked up in the usual manne r  and the substance  
was pur i f ied by the pas sage  of an acetone solution through a bed of A1203 to give 280 mg of mixed products  
with mp 240-250 ~ Repeated r ee rys t a l l i z a t i on  of this mix tu re  f rom methanol  gave N 50 mg of 2 -me thy l -  
1,2,3,5,6,10b,11,12-octahydrobenzo [a ]cyclopentano If]- 1,12 -quinolizinedione (XVIII) with mp 213-215 ~ 
Found: N 5.26%; tool. wt. 267 ( m a s s - s p e e t r o m e t r i e a l l y ) .  CiTH17NO 2. Calculated: N 5.24%; tool. wt. 
267.3. Ult raviolet  s pec t rum  (kmax, nm): 260 (e 40,000), 294 (e 27,500). 

CONCLUSIONS 

i. Benzo[a]cycloalkano[f]quinolizines were obtained by the condensation of 2-aeetyl-1,3-cycloalkene- 
diones with 3,4-dihydroisoquinoline. 

2. Some routes for the modification of quinolizines were investigated in order to effect the synthesis 
of products belonging to the 8-azaestrane series. 
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