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Ste reo i somer ic  1,2,3,4,5,5a,6,10b-octahydroindeno[1,2-c]azepines were obtained by Beck-  
mann r e a r r angemen t  of oximes .  A conclusion regarding the s t ruc tu res  of the final and 
in termedia te  products  was drawn by means of es tabl ishment  of the nonidentical  ch a r ac t e r  
of the above-named azepines and one of the s t e r eo i so m er i c  1,2,3,4,5,5a,6,10b-octahydro-  
indeno[1,2-d]azepines.  

As we have a l ready indicated in our  preceding communicat ions [1, 2] we have synthesized t h r e e - r i n g  
azepine der ivat ives  in o r d e r  to study the i r  pharmacologica l  p rope r t i e s .  The oetahydroindeno[1,2-c]aze-  
pines (t) desc r ibed  in the p resen t  paper  were obtained by Beckmann r ea r r angemen t  of the oximes of c i s -  
and t r ans -3 -ke to -9H-1 ,2 ,3 ,4 ,4a ,9a -hexahydrof luorenes  (II) [3]. The oximes (III) of both the c i s -  and t r ans  
ketones were obtained in the form of the two possible syn-anti  i somers ;  this is apparent ly explained by the 
ready i somer izab i l i ty  of the less  stable i somer .  

II a b l l l a , b  IVa ,b  l a ,b  

i i V a - - -  [3,:C-cis, b - -  .r3/C-trans, i '  R = I I .  [" [~=C!%. i "  I~=C2H~, 1\ :~ }~=!4 
I\:" R=CHa. IV" R=CII3CO 

Rear rangement  of oximes III by b r i e f  heating with polyphosphorie acid (PPA) leads to s t e r eo i somer i e  
3-oxo- l ,2 ,3 ,4 ,5 ,5a ,6 ,10b-oe tahydro[1 ,2-e]azeptnes  ffW), which also proved to be individual substances.  
Lac tams  IV' were methylated by dimethyl  sulfate and acetyla ted by acet ic  anhydride.  8 t e reo i somer ie  1,2, 
3 ,4 ,5 ,5a,6,10b-octahydroindeno[1,2-c]azepines  (I) and the i r  N-alkyl  der ivat ives  were obtained by reduction 
of lac tams IV with lithium aluminum hydride.  

The s t ruc tu re s  of bases  I (and, consequently,  the s t ruc tu res  of in termediate  lac tams IV and oximes 
III) was proved by compar i son  of them with one of the i somer i c  1,2,3,4,5,5a,6,10b-octahydroindeno[1,2-d] 
azepines (V), which apparent ly has a t r ans  s t ruc tu re .  This compound was synthesized from cv,fi-unsatur- 
ated t h r e e - r i n g  ketone VI, which forms two i somer ic  oximes;  this is in all l ikelihood explained by the p r e s -  
ence of a double bond in the a , f i -pos i t ion .  The less  stable (in a s t e r i c  respect )  i so m er  (VII) is apparently 

0 NOR RON 0 

VI Vll la ,b  Vl l a ,b  IX y 

VII, VIII a R=~: b R=Ts 
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T A B L E  1. N-Subs t i tu ted  S t e r e o i s o m e r i c  3 - O x o - l , 2 , 3 , 4 , 5 , 5 a , 6 , 1 0 b -  
Oc tahydro indeno  [1 ,2-c  ]azepine s 

mp, Empirical 
Compound *C ~** formula 

' t 

IV' a 146 0,73 ]CIaHI~NO 
b 170 i 0,61 

[V" a 117 0,8t Ct4H,TNO 
b 187 0,70 

~V'" a 94 0,87 
b Ill 0,79 C~sH~TNO2 

.-  F??nd, % - i-  Ca}c--u-Iatef-' %-- 

[ . . . . . . . . . . .  

77,5 7,7 6,9[ i 
77,8 7,4 6 ,7/77 '6117 '5  7,0 

78,a 7,7 6,4{ I 78,  7, 78,1 7, 
74,5 0 , ]  }74, i7,0 5,8 74,3 7,0 ' 5,4 I 

~Z 
�9 

92 
86 
73 
86 
92 
91 

* C h l o r o f o r m -  a lcohol  (9 : 1). 

T A B L E  2. N-Subs t i tu ted  S t e r e o i s o m e r i c  1 ,2 ,3 ,4 ,5 ,5a ,6 ,10b-  
O c tahydro indeno  [1 ,2-c  ]azepine s 

C o r n  - 

pound 

rr a 

b 
I '  a 

b 

i "  a b 

R t* 
[ Empir- [ 
ical ' 
formula 

0,320'47 C~sH~TN 

0,480'55 C~4H~N 

0,5t0'63 !CIsH21N 

Found, % 

C H ! N 

83,6 8,9 7,3 
83,2 8,9 7,6 
83,0 9,8 7,2 
832 9,4 6,6 
83,6 9,6 6,8 
83,5 9,8 6,3 

Calculated, % Hydrochloride 
i 

C I H N 
J 

83,4 9,1 7,5 I 

83,6 II 9,4 7,00 

83,7 i 9,8 6,5 I 

.~p, Cl, % 
found i calc. 

144 15,2 15,9 
198 15,1 
123 14,2 I4,9 
183 I4,3 
138 13,8 ] 

i 

14,1 204 13,6 ~, 

~Z 

8_9 
79 
90 
93 
92 
93 

* H e x a n e - a c e t o n e - a l c o h o l  (30 : 3 : 1). 

somewha t  s t ab i l i zed  in th is  ca se  because  of the f o r m a t i o n  of  a h y d r o g e n  bond with the olef inic  p ro ton  a t -  
t ached  to C(4 ). 

It is known that  the o lef in ic  p ro ton  of  s y n - o x i m e s  o f  c~, /3-unsaturated ke tones  r e s o n a t e s  at a weake r  
f ield than the s a m e  p ro ton  of the ant i  i s o m e r s  [4-6].  A c o m p a r i s o n  of  the PM12 s p e c t r a  of  the ox imes  
that  we obta ined showed that  h i g h - m e l t i n g  i s o m e r  VII, which is l e s s  soluble in a lcohol  and is f o r m e d  in 
lower  y ie ld ,  is the s y n - o x i m e  (the s ignal  of  the o lef in ic  p ro ton  is at 7.33 ppm).  The s ignal  of  the same  p r o -  
ton  in the s p e c t r u m  of the anti  i s o m e r  (VIII), which is f o r m e d  in h ighe r  yield,  is at 6.5 ppmo 

The e s t ab l i shed  imposs ib i l i t y  of  the m i g r a t i o n  o f  the o lef in ic  ca rbon  a tom dur ing  B e c k m a n n  r e a r -  
r a n g e m e n t  in the an t i - cyc lohexenone  oxime s y s t e m  [6-8] was a l so  a s c e r t a i n e d  by us in an a t t empt  to r e a l -  
ize the r e a r r a n g e m e n t  of  an t i -ox ime  VIII .  The r e a r r a n g e m e n t  of  s y n - o x i m e  VII was a c c o m p l i s h e d  by r e -  
fluxing its t o sy l a t e  in methano l .  The IR s p e c t r u m  of  the compound  obta ined  (IX) conta ins  bands  of  a c o n -  
jugated  double bond (1640), an amide  c a r b o n y l  g roup  (1670), and an amide  imino group (3350 c m - l ) ,  while 
the UV s p e c t r u m  conta ins  abso rp t i on  c o r r e s p o n d i n g  to the benzy l ideneace tone  c h r o m o p h o r e  (kma x 244 and 
257; kmin,  234 nm).  L a c t a m  IX was  r educed  with l i thium a luminum hydr ide .  I n a s m u c h  as  the r educ t ion  
o f  a , ? - u n s a t u r a t e d  c a r b o n y l  compounds  with m e t a l  hydr ides  u sua l ly  does not lead to s a tu r a t i on  of  the C =C 
bond,  the r educ t ion  p roduc t ,  without  i so la t ion  in pure  fo rm,  was  then  r educed  with sodium in boi l ing butyl  
a lcohol ;  th is  gave azepine  V, the IR s p e c t r u m  of  which does not conta in  the abso rp t i on  bands of  a conjugated  
double bond and of  an amide  e a r b o n y l  g roup .  C h r o m a t o g r a p h y  in a th in  l a y e r  showed that  base  V is an in-  
dividual  subs t ance ,  appa ren t l y  with a t r a n s  s t r u c t u r e ,  with Rf  0.39, which does not coincide with any of  the 
Hf va lues  of  the i s o m e r i c  oe t a hyd ro i nde no [1 ,2 - c l azep ine s  (Rf cis  0.47, l~f i r a n s  0.32). The h y d r o c h l o r i d e  
of  V, which has the e l e m e n t a l  c om pos i t i on  of  h y d r o c h l o r i d e s  I ' ,  m e l t s  at 178 ~ (as c o m p a r e d  with mp 144 ~ 
fo r  I ' a  and 198 ~ fo r  I ' b ) .  Thus ,  the nonident ica l  c h a r a c t e r  o f  base  V and any of  ba se s  P m a y  appa ren t ly  
s e r v e  as  a c o n f i r m a t i o n  of  ou r  p r o p o s e d  s t r u c t u r e  fo r  the l a t t e r .  

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

The IR s p e c t r a  of  c h l o r o f o r m  solu t ions  were  r e c o r d e d  with a UB-20 s p e c t r o m e t e r .  The UV s p e c t r a  
of  e thanol  solut ions  were  r e c o r d e d  with an S F - 4  s p e e t r o p h o t o m e t e r .  The PMR s p e c t r a  of d ime thy l  su l -  
foxide (DMSO) solut ions  were  r e c o r d e d  with a V a r i a n  T - 6 0  s p e c t r o m e t e r  with an o p e r a t i n g  f r equency  of  
60 MHz and t e t r a m e t h y l s i l a n e  as  the in te rna l  s t andard .  T h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) was  c a r r i e d  out 
on ac t iv i ty  II a luminum oxide.  
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Oximes  (III) of c i s -  and t r an s -3 -Ke t o -9 H-1 , 2 , 3 , 4 , 4a , 9a -hexahyd ro f luo renes .  A mix ture  of 3.7 g 
(0.02 mole)  of ketone II (a o r  b), 1.7 g (0.025 mole)  of hydroxylamine hydrochlor ide ,  2 g (0.025 mole) of 
sodium aceta te ,  40 m l  of  alcohol,  and 20 ml  of  wa te r  was ref luxed for  5 h. 

c i s - O x i m e  (IIIa). The yie ld  of this compound, with mp 68 ~ and Rf 0.68 [ c h l o r f o r m - a l c o h o l  (9: 1), 
development  with iodine vapors ] ,  was 3.9 g (98%). Found: C 77.6; H 7.5; N 6.9%. C~3HIsI~/O. Calculated: 
C 77.6; H 7.5; b/ 7.0%. 

t r a n s - O x i m e  (HIb). The yield of  this  compound, with mp 122 ~ and Rf 0.56 (with the same sys tem) ,  
was 3.4 g (85%). Found: C 77.5; H 7.5; N 7.0%. C13HIsI~O. Calculated: C 77.6; H 7.5; N 7.0%. 

c i s -  and t rans-3-Oxo-l ,2 ,3~4~5~5%6~10b-Octahydroindeno[l~2-c]azepines  (IV'a, b). A 5-g (0.025 
mole) sample  of ox ime H1 (a or  b) was added to 150 g of heated (140 ~ polyphosphor ic  acid, and the mix tu re  
was heated at this  t e m p e r a t u r e  for  10-15 rain, a f t e r  which it was poured o v e r  ice.  The resul t ing  c r y s t a l s  
were  r emoved  by f i l t ra t ion and r e c r y s t a l l i z e d  f rom c h l o r o f o r m - p e t r o l e u m  e the r  (see Table 1). 

c i s -  and t r ans ,2 -Me thy l -3 -oxo - l , 2 ,3 ,4 ,5 ,5a ,6 ,10b -Oc tahydro indeno[1 ,2 -c ] azep ines  (IV" a, b). A 
mix tu re  of 4 g (0~ mole)  of l ac t am IV' ,  3.8 g (0.03 mole) of d imethyl  sulfate,  and 40 m l  of absolute ben -  
zene was ref iuxed for  6 h, a f t e r  which excess  50% p o t a s s i u m  carbonate  solution was added, the benzene 
l ayer  was sepa ra ted ,  and the benzene was r e moved  by dist i l la t ion.  The res idua l  oil began to c rys t a l l i ze  
on t r i t u ra t ion  with absolute e ther ,  and the solid was r e c r y s t a l l i z e d  f rom methanol  (see Table 1). 

c i s -  and t r ans -2 -Ace ty l -3 -oxo- l , 2 ,3 ,4 ,5 ,5a ,6 ,10b-Oc tahydro indeno[1 ,2 -c ]azep ines  ( IV"a ,  b). A 
mix tu re  of 5 g (0.025 mole)  of l ac tam IV'  and 50 m l  of acet ic  anhydride was ref luxed for  4h, a f t e r  which 
the acet ic  anhydride was r em oved  in vacuo,  and the res idue  was t r e a t e d  with e ther .  The solid product  was 
r e c r y s t a l l i z e d  f rom hexane (see Table 1). 

c i s -  and t r a n s - 2 H -  and 2-Alkyl - l ,2 ,3 ,4 ,5 ,5a ,6 ,10b-Octahydro indeno[1 ,2-c ]azep ines  (I). A solut~)n 
of 0.01 mole  of l ac tam IV in 15 ml  of dry dioxane and 30 ml  of anisole was added gradual ly  to a solution 
of 0.02 mole  of l i thium aluminum hydride in 30 ml  of absolute e the r  (0.03 mole  of the hydride pe r  0.01 mole  
of compound was used  in the case  of  the acetyl  der iva t ive) .  The mix tu re  was ref luxed for  18 h, a f te r  which 
it was decomposed  with wate r .  The usual  workup gave a v iscous  uncrys ta l l i zab le  oil, which was purif ied 
by rep rec ip i t a t ion  f rom the hydroohlor ide .  The yie lds ,  Rf values  of the bases ,  and the resu l t s  of e l e m e n -  
t a r y  ana lys i s  a re  p resen ted  in Table 2. 

3 -Ke to -9H-1 ,2 ,3 ,9a -Te t r ahyd ro f luo rene  Oximes  (VIIa and VIIIa).  A mix tu re  of 3.9 g (0.021 mole) of 
ketone VI, 1.6 g (0.023 mole) of hydroxylamine  hydrochlor ide ,  1.1 g (0.026 mole)  of sodium hydroxide,  26 
ml  of alcohol,  and 13 ml  of wa te r  was allowed to stand at room t e m p e r a t u r e  for  2 days,  a f t e r  which the p r e -  
cipitate was r em oved  by f i l t ra t ion,  dried,  and r e c r y s t a l l i z e d  f rom alcohol.  The c r y s t a l s  that p rec ip i ta ted  
f rom the hot solution were  r em oved  by f i l t ra t ion and r e c r y s t a l l i z e d  (the syn-ox ime) .  The an t i -ox ime  was 
obtained by evapora t ion  of the m o t h e r  l iquors  and was also r e c r y s t a l l i z e d .  

syn-Oxime  (VIIa). The yield of this  compound, with mp 136 ~ was 1.6 g (38%). PMR spec t rum:  5 
10.46 (1H, s,* OH), 7.38 (1H, s, olefinic proton),  and 7.16 ppm (4H, m,  a roma t i c  protons) .  Found: C 78.5; 
H 6.6; N 6.9%. CI3H13NO. Calculated: C 78.4; H 6.5; N 7.0%. 

an t i -Oxime (VIIIa). The yield of this product ,  with mp 115 ~ was 2.4 g (57%). PMI~ spec t rum:  5 
10.66 (1H, s, OH), 7.26 (4H, m,  a roma t i c  protons) ,  and 6.5 ppm (1H, s, olefinic proton),  Found: C 78.6; 
H 6.2; N 7.1%. C13H13NO. Calculated: C 78.4; H 6.5; N 7.0%. 

Oxime p-Toluenesu l fona tes  (VIIb and VIIIb). A solution of 2 g (0.01 mole) of p- to luenesul fonyl  ch lo r -  
ide in 5 ml  of pyridine was added dropwise  at 0 ~ to a solution of 2 g (0.01 mole) of the oxime in 12 m l  of 
pyr id ine ,  a f t e r  which the mix tu re  was allowed to stand at 0 ~ for  2 h. It was then poured into c rushed  ice 
containing 2 ml  of  concent ra ted  sulfur ic  acid, and the resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion,  washed 
on the f i l t e r  s e v e r a l  t imes  with water ,  and dr ied.  

syn -Tosy l a t e  (VIIb). The yield of this compound, with mp 99-100 ~ was 3 g (86%). Found: N 4.2; 
S 8.8%. C20H19~O3S. Calculated: N 4.0; S 9.0%. 

an t i -Tosy l a t e  (VIIIb). The yield of this compound, with mp 121 ~ was 3.1 g (88%). Found: N 3.7; 
S 8.4%. C20HigNO3S. Calculated: ~ 4.0; S 9.0%. 

2-Oxo-2,3,4,5,5a,6-hexahydroindeno[l ,2-d]azepix~e (IX). A mix tu re  of 2.1 g (0.006 mole) of VIIb, 15 
ml  of methanol ,  and 10 ml  of wa te r  was ref luxed for  2 h, a f t e r  which the sl ightly turbid  solution was i l l -  

* Here  and subsequent ly,  s is s inglet  and m is mul t ip le t .  
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t e red ,  the methanol  was par t ia l ly  removed  f rom the f i l t ra te  by disti l lation, and the residue was poured into 
wate r  containing 2 g of sodium hydroxide.  The resul t ing oil was t r ea t ed  with e ther ,  and the e the r  solution 
was washed with water  and dr ied to give 1 g (84%) of c r e a m - c o l o r e d  c rys ta l s  with mp 205 ~ ( c h l o r o f o r m -  
pe t ro leum ether)  and Rf 0.68 [ ch lo ro fo rm-e th an o l  (9: 1)]. Found: C 78.6; H 6.4; N 6.9%. C13HI3NO. Cal-  
culated: C 78.4; H 6.5; N 7.0%. IR spectrum: v 1610 (benzene ring), 1640 (conjugated C =C), 1670 (amide 
CO), and 3350 cm -1 (amide NH). UV spec t rum,  kmax (log ~): 244 (3.92) and 257 (3.97); kmi n 234 nm (3.40). 

Tosylate  VIIIb did not dissolve on refluxing in methanol.  Workup gave oxime VIIIa, which melted 
at 115 ~ and did not depress  the mel t ing point of the sample descr ibed  above. 

l~2,3,4,5,5a,6~10b-Octahydroindeno[1,2-d]azepine (V). A solution of 1.5 g (0.007 mole) of lactam IX 
in 15 ml of dry  dioxane and 15 ml of anisole was added gradually to a solution of 0.6 g (0.015 mole) of 
lithium aluminum hydride in 20 ml of absolute e ther ,  and the mixture  was refluxed for 18 h. It was then 
worked up in the usual  manner  to give 1.2 g of crude product ,  which was dissolved in 70 ml of butyl alcohol.  
A 5-g (0.2 g - a t o m ) s a m p l e  of sodium was then added to the refluxing butyl alcohol solution, and the mixture  
was ref luxed for  2 h, a f te r  which the alcohol was removed  by steam distil lation, and the residue was t r ea ted  
with e the r .  The e the r  solution was washed with wate r  and dried.  The solvent was removed by distillation, 
and the res idual  oil was purif ied by reprec ip i ta t ion  f rom the hydrochlor ide  to give 0.8 g (57%) of a viscous 
uncrys ta l l izable  oil with Rf 0.39 [ h e x a n e - a c e t o n e - a l c o h o l  (30 : 3 : 1)]. The hydrochlor ide  (from ether)  had 
mp 178 ~ Found: C 70.0; H 7.9; C1 15.4; N 5.8%. C13H18CIN. Calculated: C 69.8; H 8.0; C1 15.9; N 6.3%. 
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