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It  has  been shown p r e v i o u s l y  [1] tha t  3 , 3 , 7 , 7 - t e t r a m e t h y l - l , 2 ; 5 , 6 - d i b e n z o c y c l o o c t a n e - 4 , 8 - d i o n e  R), 
obta ined  by the oxidat ion o f  5 , 5 , 1 0 , 1 0 - t e t r a m e t h y l - 4 b , 5 , 9 b , 1 0 - t e t r a h y d r o i n d e n o [ 2 , 1 - a ] i n d e n e  u n d e r  c e r t a i n  
condi t ions  u n d e r g o e s  a n u m b e r  of  i n t e r e s t i ng  t r a n s a n n u l a r  t r a n s f o r m a t i o n s .  The r eac t i on  o f  (I) with a m -  
m o n i a  and me thy lamine  in a neu t r a l  m e d i u m  gives  high y ie lds  of  4 , 4 , 8 , 8 - t e t r a m e t h y l - 2 , 3 ; 6 , 7 - d i b e n z o - 9 -  
a z a b i c y c l o [ 3 . 3 . 1 ] n o n a n e - l , 5 - d i o l  and its N - m e t h y l  de r iva t ive  [2], the bas i c  ske le ton  of  which is analogous  
to tha t  of  the molecu le  of  a rgemon ine  and r e l a t ed  a lka lo ids  [3-6]° The r eac t i on  c o n s i d e r e d  has  a g e n e r a l  
na tu re .  The r e a c t i o n  of  the diketone (I) with va r i ous  a l iphat ic  and a l i p h a t i c - a r o m a t i c  p r i m a r y  amines  u n d e r  
s i m i l a r  condi t ions  r ead i ly  and with ~ood y ie lds  f o r m s  the c o r r e s p o n d i n ~  d i b e n z o - 9 - a z a b i c y c l o [ 3 . 3 . 1 l n o n a n e -  
diols ;  however ,  ani l ine,  unlike o t h e r  amines  u n d e r  these  condi t ions ,  does not r eac t  with the diketone (I). 
Table  1 g ives  the compounds  syn thes ized ,  t h e i r  me l t ing  points ,  and the y ie lds  obta ined.  
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130 -131,5 
2@3--210 
115 
215-216 
211--212 
181--183 
165-165 
It:5--185 
175 
223--224 
1fi0--160,5 

192 

189--190 

225 
163--154 
81--82 

195--197 
'202- 203 

q5.3 C.,.,H.,70..N 
93 C.:: H ~70"~N. HCI 
37 C:~HatO.:N 
88 C~,H3kO%N. HCI 
70 C ..,H2~NOa 
83,5 C~=H.,;NO3" HCI 
77 C:,,H.:3NO3 
91 C_.H:3NO3" H CI 
94 C 2~,H:sNO..,' HCl 
93,5 C..,t H..r.N O..- H C I 
~5 C.2:H:: NO.., 
95 C:;H..,NO. HCI 
93 C:~H ~:,NO.. • HCI 

91 C3...H~oNO2" HCI 

80 C.22 H.2aN~O2 
92,5 C.2.:H...sN202.2HCI 
50 CesH:~N202 
83 C.2,;H~N20.2.21-1CI 
80 C2~H~N203 

b a s e s  (X) and (XI) have been d e s c r i b e d  p r e v i o u s l y  [21. 
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Fig.  1. UV spect ra  of the compounds: 
1) ~]-~7); 2) (XV); 4) argemonine;  5) 
O,O -dimethy lmunitagine; 6) munitagine; 
7) N-methyl  derivative of 4,4,8,8- 
te t ramethy!-2 ,3 ;6 ,7-d ibenzo-  9 -azab icyc lo-  
[3.3.1 ]nonane- 1,5 -dio 1. 

ac te r i s t i c  for  a 1,2-disubsti tuted benzene rin~. 

The formation of these compounds evidently takes 
place in the followin~, way. The presence of two spatially 
adjacent polar ized carbonyl  ~roups in an e i~ht -membered  
rin~ favors the migrat ion of hydrogen atoms from the NH~ 
~roup to the negatively char~ed oxygen atom, which leads 
to the formation of a brid~e between the nitrogen atoms 
and a positively char~ed carbon atom. 

The presence of two nei~hborin~ ~em-dimethyl  groups 
probably additionally prevents  the approach of the NH 2 ~roup 
to each of the carbonyl ~roups individually. This apparently 
also explains the fact that the react ion of hydroxylamine 
with the diketone (I) leads not to a mono- or  a dioxime but 
to the correspondin~ aza adduct (VIII). 

OH 3 GH, .10, 

i Z/~ . / \ _  9 ~  ? J ~U 
- ' " q 3  L~ , 

The IFt spec t ra  of the aza compounds obtained show 
absorption bands in the 760-765-cm -I re~ion which are  cha r -  
Absorption bands in the 3500-3600-cm -1 re~ion are due to 

the stretchin~ vibrations of free OH groups (in CHCI 3 and CC14) , and absorption bands at 3370-3380 cm -i 
show the presence  of a hydrogen bond (KBr tablet). Absorption bands in the 2965-cm -I  re~ion are cha rac t e r -  
ist ic for CH 3 ~roups. In the spec t ra  of the compounds containin~ a CH 2 ~roup, absorption bands appear  at 
2927 cm - i .  In  the hydrochlor ides  of (HI, V, VII, IX, XI, and XII-XV), in addition to broad absorption bands 
of OH groups (3200-3600 cm-l) ,  there are  bands in the 2400-2800-cm -I region charac te r i s t i c  of salts of 
t e r t i a ry  amines,  and at 1575 cm-I  apparently due to NH groups.  The hydrochloride of (X), in agreement  
with the l i tera ture  [7], shows the absorption band of an NH 2 group at 2800 cm -i. 

In the UV re~ion, the absorption spec t ra  of the N-methyl  derivative of 4,4,8,8-tetramethyl-2,3;6,7- 
dibenzo-9-azabicyclo[3 .3 .1]nonane- l ,5-dio l  and of compounds (XIV) and (XV) and also those of alkaloids of 
the argemonine ~roup [5] are s imi lar ,  but the absorption maxima of the bands in the UV spect ra  of these 
alkalolds are shifted in the longer-wave direction.  These charac te r i s t i c s  a~ree weU with the known fact 
that the introduction into an a romat ic  nucleus of functional ~roups containin~ unshared e lec t rons  or  n -e l ec -  
t rons  is connected with a considerable increase  in the absorption of UV radiation and with a shift in the 
maxima of the absorption bands into the long-wave re~ion of the spect rum [8] (Fi~. 1). 

It has been shown previously  [2, 3] that the PMR spect ra  of 4,4,8,8-tetramethyl-2,3;6,7-dibenzo-9- 
azabicyclo[3.3 .1]nonane- l ,5-diol  and its N-methyl  derivative have two types of si~nals of the methyl pro-  
tons.  Accordin~ to a Dreidin~ model, the appearance of these two types of si~mals is a consequence of the 
par t icu lar  a r rangement  of one of the four methyl  ~roups relative to the nitrogen atom and the interaction 
with it of its lon~ pair  of e lec t rons .  A s imi la r  picture is found in the PMR spec t ra  of compounds (VIII) and 
(XII). The spec t rum of (VIII) has three  si~mals from the four CH 3 ~roups: at 1.5 ppm (2CH3) , 1.47 ppm 
(1CH3) , and 1.40 ppm (1CH3). Two isolated signals appear  at 4.65 and 3.35 ppm which are charac te r i s t i c  
for two hydroxy ~roups. A broad band at 5.90 ppm rela tes  to a hydroxy ~roup attached to a nitrogen atom. 

The PMR spec t ra  of (VIII) were obtained in deuterochloroform at room tempera tu re  and at 40°C. 
With a r ise  in the t empera ture ,  a pronounced broadenin~ of the signal of the N - O H  ~roup took place, and 
all three signals relatin~ to OH ~roups shifted in the upfield direction.  The spect rum of (XII) also shows 
two types of signals of methyl  protons:  at 1.48 ppm (3CH3) and 1.37 ppm (1CH3). At 2.24 and 2.72 ppm 
there are signals of protons of hydroxy ~roups and, to~ether with these,  two doublet signals appear at 3.38 
and 3.97 ppm which are charac te r i s t i c  for the protons of a CH~ ~roup. The signals of aromat ic  protons 
are  found in the re~ion of the spec t rum from 6.86 to 7.71 ppm. 
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Fi~. 2. Mass  spec t r a  of subs tances  (XII, XIV, X V I ,  and X I X ) .  

The m a s s  spec t r a  of  (VIII, X, 2T[, XIV, XVI, X[X, and ~X) show the peaks  of the mo lecu l a r  ions (M +) 
and the peak of an ion with m / e  147 probably  havin~ the followin~ s t ruc ture :  

CHs 

and the peaks  of the ions (M-147)  +, In the m a s s  s p e c t r a  of 4 , 4 , 8 , 8 - t e t r a m e t h y l - 2 , 3 ; 6 , 7 - d i b e n z o - 9 - a z a b i e y c l o -  
[3 .3ol lnonane- l ,5-diol  and (XII) and (NIV) the peak of the ion with m / e  147 has the max imum intensi ty in 
each  ease .  Fo r  the adducts of d iamines  (XVI) and (NIX) the intensi t ies  of the peaks  of these  ions a re  also 
high, but the m a x i m u m  peak is that  of the ion with m / e  292 which is fo rmed  by the e l iminat ion  f rom the 
m o l e c u l a r  ion of molecu les  of  e thylenediamine and of hexamethylenediamine ,  r espec t ive ly .  The peaks  of 
the ions with m / e  292 in the m a s s  s p e c t r a  of compounds (NII and XIV) have a low intensity,  apparent ly  be -  
cause of the influence of the voluminous subst i tutents  on the ni t rogen a tom on the ra te  of decomposi t ion of 
M + under  e l ec t ron  impact  (Fig. 2). 

HO gH 3 CH 3 

A 

HO CH 3 CH 3 

B 

XVl.n=2 xvfiLn:6 XVl. rl=2 XVlll, R ~S 
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The ex is tence  of the two a l te rna t ive  s t r u c t u r e s  A and B may  be put fo rward  for  the adducts of the 
diketone (I) with e thylenediamine (XVI) and hexamethylenediamine  (XVIII). 

Because  of the over lapping of the absorpt ion  bands cha rac t e r i z ing  the OH, NH, and NH2 groups in the 
IR and PMR spec t r a  of  these  compounds and t he i r  hydrochlor ides ,  it is not poss ib le  to make an unambiguous 
choice between these  two s t r u c t u r e s .  It was poss ib le  to reso lve  this p rob lem through a study of the p rop-  
e r t i e s  of the monoaceta te  (XX) obtained by the reac t ion  of the adduct (XVI) with acet ic  anhydride at room 
t e m p e r a t u r e .  The IR spec t rum of (X'X) showed absorpt ion  bands at 1665 and 1558 cm -1 c h a r a c t e r i s t i c  of 
an amide group, at 3458 cm -1, co r responding  to the NH group of a secondary  amine,  and at 3540 cm -1, 
which is c h a r a c t e r i s t i c  for  an OH group, all  this  cor responding  to s t ruc tu re  A. In the m a s s  spec t rum of 
(XX) the re  is the peak  of the m o l e c u l a r  ion with m / e  294. The peak of the ion with m / e  292 has the max imum 
intensity,  as is the case  in the m a s s  s p e c t r a  of (XVI) and (XIX). 

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

The NMR s p e c t r a  were  taken on a JEOL-4H-100 /100  MHz ins t rument  (in CHCI 3 with TMS as in ternal  
s tandard) ,  and the m a s s  s p e c t r a  on anLKB 9000 ins t rument  with an ene rgy  of the ionizing e l ec t rons  of 70 
eV and a t e m p e r a t u r e  of  the ionization c h a m b e r  of  230-250°C. 

N-Ethyl  Der iva t ive  of 4,4,8,8-Tetramethyl-2,3;6,7-dibenzo-9-azabicyclo[3.3.1]nonane-l,5-diol (II). 
A solution of substance  (I) (0.5 g) in 15 ml  of ethanol  was t r ea t ed  with 10 ml  of a sa tura ted  ethanolic solu-  
t ion of e thy lamine .  The mix ture  was heated at 40°C for  1.5 h and was then diluted with water .  The white 
prec ip i ta te  that  deposi ted was f i l te red  off, washed s e v e r a l  t imes  with wa te r  to neutra l i ty ,  and r e c r y s t a l -  
l ized f rom ethanol .  The product  was dr ied in a vacuum des icca to r  over  P20~. 

Compounds (IV, VI, VIII, XVI, and XVII) were  obtained under  s i m i l a r  condit ions.  

Substance (XII). To a solution of 0.5 g of  compound (I) in 15 ml  of absolute ethanol was added 0.2 
of  benzylamine  in 5 ml  of  ethanol.  The mix tu re  was heated on the wa te r  bath at 65°C under  reflux for  1 h. 
Then the solvent  was evapora t ed  off and the res idue  was washed s e v e r a l  t imes  with pe t ro leum e the r  and 
was r e c r y s t a l l i z e d  f rom ethanol.  

N-(3-Phenylbut~l)  Derivativeof 4,4,8,8-Tetramethyl-2,3;6,7-dibenzo-9-azabicyclo[3.3.1]nonane-l,5- 
diol (XIV). A solution of 0.4 g of compound (I) in 10 ml  of absolute ethanol was t r ea t ed  with 0.27 g of 
3-phenylbutylamine (bp 50°C, n~  1.5200 [9]). 

The mix tu re  was heated to 50°C for  40 rain. The solvent was evapora ted  off and the res idua l  oily sub-  
s tance was pur i f ied by t h i n - l a y e r  ch roma tog raphy  of A1203 in the b e n z e n e - e t h e r  (1 : 1) sys t em.  

To 0.2 g of the crude product  (n~ 1.5610) was added 10 ml  of a sa tu ra ted  solution of HC1 in e ther .  
The white c rys ta l l ine  substance that  deposi ted was washed s e v e r a l  t imes  with absolute e the r  and was dried 
in vacuum ove r  P20~. 

Substance XV was obtained under  the conditions desc r ibed  in the preceding  expe r imen t  except  that 
to ch roma tog raph  the oily product  the benzene-hexane (1 : 10) s y s t e m  was used.  The 3- (m-xyly l )bu ty lamine  
had bp 78°C, n ~  1.5173 [9]. 

The hydroch lor ides  of III, V, VII, IX, X, XI, XIII, XIV, XV, XVII, and XIX were  fo rmed  under  s i m i l a r  
condit ions.  

Compound (XX). A solution of 0.4 g of  (XVI) in 4 ml  of ace t ic  anhydride was left at room t e m p e r a t u r e .  
On the second day, the prec ip i ta te  that had deposi ted was f i l te red  off, washed with water ,  and r e c r y s t a l -  
l ized f rom ethanol.  

S U M M A R Y  

It has  been shown that  the t r a n s a n n u l a r  reac t ion  of the readi ly  avai lable  3 , 3 , 7 , 7 - t e t r a m e t h y l - l , 2 ; 5 , 6 -  
d ibenzocyclooctane-4 ,8-d ione  with va r ious  al iphat ic  and a l i pha t i c - a roma t i c  p r i m a r y  amines  fo rms  good 
yie lds  of the co r respond ing  4,4, 8, 8 - t e t r ame thy l -2 ,3 ;6 ,7 -d ibenzo -9 -azab i cyc lo  [3.3.1]nonane-1,5-diols .  The se 
compounds have the s y m m e t r i c a l  dibenzocyclooctane skeleton with the aza  grouping c h a r a c t e r i s t i c  for  
a rgemonine  and alkaloids re la ted  to it. 
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