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The hydrogena t ion  of e s t e r s  of o - cyanoc innamic  ac id  or  a - ( o - e y a n o a r y l o x y ) c a r b o x y l i c  ac ids  
over  Raney  n i cke l  l eads  to  the c o r r e s p o n d i n g  s e v e n - r n e r n b e r e d  l a c t a m s .  Subsequent  r e d u c -  
t ion of t he se  with l i t h ium a luminum h y d r i d e  g ives  2 ,3 ,4 ,5 - t e t rahydro[1H]benzo[c ]azep ine  and 
1 , 2 , 3 , 5 - t e t r a h y d r o  [4H]benzo b r ] -1 ,4 -oxazep ine .  

Pub l i ca t ions  r e g a r d i n g  the syn thes i s  and p h a r m a c o l o g i c a l  s tudy  of benzazep ine  d e r i v a t i v e s  have a p -  
p e a r e d  in r e c e n t  y e a r s  [2,3]. It was a l so  found that  the a lka lo ids  p a p a v e r r u b i n e  and ro l ad ine  have b e n z a z e -  
pine in t he i r  fundamenta l  S t ruc tu r e s  [4,5]. The mos t  p r o m i s i n g  compounds  for the syn thes i s  of po ten t ia l  
m e d i c i n a l s  in the benzazep ine  s e r i e s  is  2 ,3 ,4 ,5 - t e t rahydro[1H]benzo[c ]azep ine  (i), p r e v i o u s l y  obtained by 
the cyc l i za t ion  of N - t o s y l - N - p h e n y l p r o p y l g l y c i n e  [6] o r  by the  reduc t ion  of 6, 7 -d ihydro[5H] te t razo lo  [4 ,5-a] -  
benzo[c ]azep ine  [7]. A n u m b e r  of i t s  N - a l k y l  d e r i v a t i v e s  were  syn thes i zed  by the r e a c t i o n  of o - ( c h l o r o -  
me thy l )pheny lp ropy l  ch lo r ide  with amines  [8]. Al l  of these  rou te s  a r e  p r e p a r a t i v e l y  inconx~enient, and we 
t h e r e f o r e  se t  up a n u m b e r  of e x p e r i m e n t s  involving the r edue t ive  cyc l i za t ion  of o - c y a n o c i n n a m i c  ac ids ,  
which a r e  r e a d i l y  f o r m e d  by the Beckmaan  r e a r r a n g e m e n t  of 1 - n i t r o s o - 2 - h y d r o x y n a p h t h a l e n e  [9]. 
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The e x p e r i m e n t s  on the hydrogena t ion  of c i s - o - c y a n o c i n n a m i c  ac id  (II) ove r  Raney  n icke l  at r o o m  
t e m p e r a t u r e  and p r e s s u r e  w e r e  unsucces s fu l .  2 ,3 ,4 ,5 -Te t r ahydro [1H]benzo [c ]azep in -3 -one  (III) could not  
be i s o l a t e d  a f t e r  r e m o v a l  of the  so lvent  and many  hours  of re f lux ing  of the c a t a lyz a t e  at  150-175 ~ If, how-  
e v e r ,  one hydrogena tes  the c i s -  o r  t r a n s - m e t h y l  e s t e r  of o - c i n n a m i c  ac id  (IV) o r ,  even b e t t e r ,  the methyl  
e s t e r  o f / 3 - (o - cyanopheny l )p rop ion i c  ac id  (V), l a c t a m  III can be obtained in 70% y i e ld .  The g e o m e t r y  of the 
double bond in e s t e r s  IV does not  have an a p p r e c i a b l e  effect  on the c o u r s e  of the reduc t ion ,  which makes  it 
p o s s i b l e  to  a s s u m e  the s t epwise  t r a n s f o r m a t i o n  of IV to V and then to III .  

The PMR s p e c t r u m  of l a c t a m  III conta ins  a mu l t i p l e t  f rom the four pro tons  of the r 2 -  g roup  at  
2.37-3.10 ppm and a s ing le t  f r om the CI-t2N group (4.20 and 4.28 ppm),  which is  sp l i t  due to in te rac t ion  with 

*Communica t ion  VI of the s e r i e s  "Ni t rosopheno l s  and The i r  R e a r r a n g e m e n t  P r o d u c t s . "  See [1] for  c o m -  
munica t ion  V.  
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UV spectra of lactams in 96~ 
1) 2-ethyl-l,2,3,5-tetrahydro- 

[4H]benzo [ f ] - i  , 4 - o x a z e p i n - 3 - o n e  {XI); 
2) 1 , 2 , 3 , 5 - t e t r a h y d r o  [4H ]benz o [( ] -1 ,4  - 
o x a z e p i n - 3 - o n e  (X); 3) 2 , 3 . 4 , 5 - t e t r a -  
hydro  [1H ]benzo [c ]azep in -3-one  (III) ; 
4) 1 , 2 , 3 , 5 - t e t r  ahydr  o [4H ]ha phtho [1 ,2 - f ] -  
1 , 4 - o x a z e p i n - 3 - o n e  (XII). 

the NH group ,  o - ( A m i n o m e t h y l ) h y d r o c i n n a m i c  ac id  (VI) fo rms  
r e a d i l y  dur ing  the ac id  h y d r o l y s i s  of III, whi le  the reduc t ion  of 
III with l i th ium a luminum hydr ide  l eads  to I, the phys i ca l  con-  
s tan ts  of which a r e  in a g r e e m e n t  with those  d e s c r i b e d  in the 
syn thes i s  by another  path [6]. Our III  me l t ed  at  136~ whi le  
the fo rma t ion  of th is  l a c t a m  with mp 109-110 ~ was d e s c r i b e d  in 
the Schmidt  r e a r r a n g e m e n t  f rom 2 - t e t r a l o n e  [10]. We r e p e a t e d  
th is  r e a r r a n g e m e n t  and obta ined a m i x t u r e  of subs t ances  with 
mp about 110% f rom which a pure  l a e t a m  with mp  136 ~ that  was 
iden t i ca l  to our compound could  be i s o l a t e d  by r e p e a t e d  c r y s t a l -  
l i za t ion  and p r e p a r a t i v e  c h r o m a t o g r a p h y  on a luminum oxide .  

We have thus deve loped  a rou te  to the syn thes i s  of t e t r a -  
hyd robenzazep ine  I and i t s  3-oxo d e r i v a t i v e s ,  and this  c o m p e l l e d  
us  to make  an eva lua t ion  of the a p p l i c a b i l i t y  of th is  method  to 
the  syn thes i s  of homologs  and ana logs .  In p a r t i c u l a r ,  i t  was d e -  
s i r e a b l e  to find a rou te  to the syn thes i s  of 1 , 2 , 3 , 5 - t e t r a h y d r o -  
[4H]benzo [ f ] - l , 4 - o x a z e p i n e ,  for  which a c c e s s i b l e  methods  
could  not  p r e v i o u s l y  be found (see [11, 12], for  example ) .  With 
th is  end in mind,  we s y n t h e s i z e d  the methyl  e s t e r  of o - c y a n o -  
phenoxyace t i c  ac id  (VII), and the ethyl  e s t e r s  of a - ( o - c y a n o -  
phenoxy)butyr ic  ac id  (VIH) and 1 - c y a n o - 2 - n a p h t h o x y a c e t i c  ac id  
(IX) by a lky la t ion  of the c o r r e s p o n d i n g  o - cyanopheno l s .  A 
p r i o r i  it  might  have been expec ted  that  the t r a n s - a n n u l a r  i n t e r -  
act ion of the e s t e r  oxygen a tom with the c a r b a l k o x y  group  
would p romote  cyc l i za t ion ,  but s i m u l t a n e o u s l y  would a l so  f a c i l i -  
ta te  h y d r o l y s i s  of the C - O  bond. The in t roduct ion  of b ranch ing  

(compound VIII) a l so  might  have p r o m o t e d  cyc l i za t ion  (the T h o r p e - I n g o l d  ef fec t ) .  In fact ,  the In t roduct ion  
of an oxygen a tom in p lace  of a CH 2 group or  b ranch ing  of the h y d r o c a r b o n  chain did not  affect  the c o u r s e  
of the r educ t ive  cyc l i za t i on  under  our  cond i t ions .  In a l l  c a s e s ,  the c o r r e s p o n d i n g  l a c t a m s  (X-XII) w e r e  ob-  
t a ined  in about equal  y i e l d s .  It is  pos s ib l e  that  the deciding fac tor  in the p r o c e s s  is  the app roach  of the 
funct ional  g roups  to the  c a t a l y s t  s u r f a c e  l ead ing  to the fo rma t ion  of an a m i d e  bond, s i m i l a r  to the s i tua t ion  
in which the app roach  of g roup ings  f ac i l i t a t e s  the acylo in  condensa t ion  [13]. 

1 , 2 , 3 , 5 - T e t r a h y d r o [ 4 H ] b e n z o [ f ] - l , 4 - o x a z e p i n e  (XIII) was obta ined by the reduc t ion  of l a c t a m  X with 
l i th ium a luminum h y d r i d e .  The PMR s p e c t r u m  of l a c t a m  X has  a s ing le t  f rom the  OCH 2 g roup  (4.73 ppm) 
and a double t  of the second  CH2 group  (4.40 and 4.33 ppm),  the p ro tons  of which i n t e r a c t  with the pro ton  of 
the NH group .  The UV s p e c t r a  of a l l  of the l a c t a m s  a r e  s i m i l a r  (Fig.  1). R e p l a c e m e n t  of the C H 2 group in 
l a c t a m  III by an oxygen a tom in l a c t a m  X r e s u l t s  in a shif t  of the absorp t ion  m a x i m u m  to the long-wave  r e -  
gion and a p p r e c i a b l y  r a i s e s  the abso rp t ion  in t ens i ty ,  which c o r r e s p o n d s  to t r a n s i t i on  of the e l e c t r o n s  to the 
ant ibonding ~ o r b i t a l s .  

~ oCH2COOCH 3 ~ OCH2~ -OCH2- 

~'CN V "~CH2N H 
VII X Xill 

C2H 5 ~H2NHI=O 

Xl XII 

" ~  CN 
CH=NOH CN I 
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E X P E R I M E N T A L  

The homogenei ty  of the compounds obtained and the se lec t ion  of the reac t ion  condit ions were  evaluated 
by means  of chromatography  in a loose,  thin layer  of act ivi ty  II a luminum oxide. The c h r oma t og r a ms  were  
developed with iodine vapors .  A b e n z e n e - a b s o l u t e  ethanol (10 : 1) sys t em was used for the l ac tams ,  while 
a b e n z e n e - h e x a n e  (4:1) sy s t em was used for the e s t e r s .  The UV spec t ra  of 1 �9 10 -4 M ethanol solut ions 
were  r eco rded  with an SF-4A spec t rophotomete r .  The PMR spec t ra  of pyr idine solut ions were  recorded  
with an RS-60 s p e c t r o m e t e r  with an operat ing f requency of 60 MHz with hexamethyld is i loxane  as the i n t e r -  
nal  s tandard~ 

2 ,3 ,4 ,5-Tet rahydro[1H]benzo[c]azepin-3-one  (iII). A) A total of 17.5 g of a pulver ized  Raney alloy 
was added in sma l l  por t ions  with s t i r r i n g  to 80 ml  of 25% sodium hydroxide.  To complete  hydrogen evolu-  
t ion,  the mix tu re  was heated on a water  bath, and the ca ta lys t  was then washed with dis t i l led  water  (by de-  
cantatiou) unt i l  it no longer  gave an alkal ine reac t ion  to l i tmus ,  and was then washed twice with 20 ml po r -  
t ions of methanol .  After  th is ,  a solution of 8.95 g (0.05 mole) of methyl  o-cyanophenylpropionate  [1] in 30 
ml  of methanol  was added to the ca ta lys t ,  and, after  hydrogen had been bubbled through, the compound was 
hydrogenated at the n o r m a l  p r e s s u r e  for 3-4 h with periodic shaking of the f lask.  About 2.5 l i t e r  of hydro-  
gen was absorbed  (the ca lcula ted  amount  n e c e s s a r y  for reduct ion of the n i t r i l e  group to an amino  group). 
The methanol  solution was then poured off, and the ca ta lys t  was washed twice with 15 ml  of methanol .  The 
solut ions were  combined,  the solvent  was removed by vacuum dis t i l la t ion  on a water  bath, and the res idue  
was r e c r y s t a l l i z e d  f rom 100 ml  of carbon t e t r ach lo r ide  to give 5.5 g (70%) of lac tam III with mp 134-135 ~ 
The compound mel ted  at 136 ~ af ter  repeated  c rys ta l l i za t ion  with act ivated charcoa l .  

B) S imi la r ly ,  4 .6-5 g (56-60%) of l ac t am III with mp 133-135 ~ was obtained f rom 8.85 g (0.05 mole) 
of methyl  c i s - o - c y a n o c i n n a m a t e  [14] af ter  the absorpt ion of 3.5 l i t e r  of hydrogen (in 4-5 h). Under the 
same conditions, Ill with mp 136 ~ and R f 0.51 was obtained in 50-55% yield from methyl trans-o-cyano- 

cinnamate [14] (trans-IV). UV spectrum: Area x 250 nm (log e 2.437. 

o-Hydroxybenzonitrile. Salicylaldoxime [50 g (0.365 mole)] was stirred thoroughly with 150 ml of 
acetic anhydride. The solution was allowed to stand until the exothermic reaction was complete (30 min) 
and was then refiuxed on a metal bath for 2 h. The solution was poured into 0.5 liter of hot water and 

shaken thoroughly. The mixture was then allowed to stand, and the aqueous layer was decanted. A total of 
400 ml of 10% sodium hydroxide was added to the residue, and the mixture was refluxed until it was com- 
pletely homogeneous, while maintaining an alkaline reaction to litmus. The mixture was cooled, and acidi- 

fied with concentrated hydrochloric acid relative to Congo while stirring throughly in order to prevent the 
formation of lumps. The material was removed by suction filtration, washed with water, and air dried to 

give 25 g (57%7 of nitrile with mp 98 ~ (rap 98 ~ [15]), which did not require special purification for the subse- 
quent syntheses. 

Methyl o-Cyanophenoxyacetate (VII). o-Hydroxybenzonitrile [24 g (0.2 mole)], 21.7 g (0.2 mole) of 
methyl chloroacetate, and 0.2 g of calcined sodium iodide were added successively with stirring to sodium 
ethoxide (from 4.6 of sodium in 200 ml of absolute ethanol), after which the mixture was refluxed for 2 h. 
It was then cooled, and the copious precipitate of sodium chloride was separated and washed with ethanol. 

The combined filtrates were evaporated, 200 ml of petroleum ether with bp 70-100 ~ was added to the residue, 
and the mixture was stirred and cooled. The precipitate was removed by filtration and washed with petrole- 

um ether and water to give 18.5 g (48~c) of ester VII with mp 60 ~ (from aqueous ethanol with activated char- 

coal) and Rf 0.51. Found%: N 7.42, 7.47. CIoHgNO 3. Calculated %: N 7.33. 

1,2,3,5-Tetrahydro[4H]benzo[f]-l,4-oxazepin-3-one (X). As in the synthesis of III, 3.6 g (94~c) of 

lactam X with mp 113-114 ~ (from CCI 4) and Rf 0.48 was obtained from 4.62 g (0.025 mole) of methyl ester 
VII in 50-60 ml of methanol after hydrogenatfon (for 2.5-3 h). Found %: N 8.63; 8.66. C9H9NO 2. Calcu- 
lated % : N 8.69. UV spectrum: A max 268 nm (log e 2.88). 

Ethyl a-(o-Cyanophenoxy)butyrate (VIII). As in the synthesis of ester VII, 35 g (74%7 of ester VIII 

with mp 65-66 ~ (from aqueous ethanol) and Rf 0.54 was obtained from 24 g (0.2 mole) of o-hydroxybenzo- 
nitrile, 4.6 g of sodium in 200 ml of ethanol, and 39 g (0.2 mole) of ethyl a-bromobutyrate. Found ~: N 
6.60, 6.55. Ci3HI5NO s. Calculated%: N 6.43. 

2-Ethyl-l,2,3,5-tetrahydro-[4H]-benzo[fl-l,4-oxazepin-3-one (XI). As in the synthesis of III, 4.2 g 
(73%) of lactam XI with mp 110-111 ~ and Rf 0.66 was obtained from 7 g (0.03 mole) of ester VIII in 50 ml of 
methanol after hydrogenation. Found %: N 7.44, 7.51. CIIHI3NO 2. C alculated %: N 7.33. UV spectrum: A max 
270 nm (log e 2.897. 
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1-Cyano-2-naphthol .  A mixture of 8.61 g (0.05 mole) of 2-hydroxy-l -naphthaldehyde,  6 g of sodium 
hydroxide in 50 ml of water ,  and 3.35 g (0.05 mole) of hydroxylamine hydrochloride was heated for 30 min 
on a water  bath. The mixture was cooled, fi l tered, and acidified with hydrochlor ic  acid with respect  to 
Congo. The precipitate was removed by suction filtration and washed with water  to give 8.6 g (91~) of 
oxime with mp 156 ~ f rom aqueous ethanol [16]. 

A mixture of 8.42 g (0.045 mole) of this oxime and 30 ml of acetic anhydride was refluxed for 2 h. 
The hot solution was diluted with hot water ,  s t i r red ,  and allowed to stand. The aqueous layer  was decanted, 
and the organic layer  was again washed with water .  The residue was dissolved in ethanol, 50-80 ml of 25~c 
sodium hydroxide was added, and the mixture was heated until the solid dissolved completely.  (The solu-  
tion should be alkaline to li tmus .) When the mixture was cooled (and somet imes even from the hot solution), 
a slightly soluble cyanonaphthoxide precipitated; after  drying, this can be used for the subsequent exper i -  
ments .  In o rder  to obtain the pure substance,  this naphthoxide was dissolved with heating in water ,  and the 
solution was fil tered and acidified with respec t  to Congo with hydrochlor ic  acid. The precipitate was r e -  
moved by filtration, washed with water,  and crys ta l l ized  f rom water  to give 6 g (64~c) of the hydroxynitr i le  
with mp 152-153 ~ [17]. 

Ethyl 1-Cyano-2-naphthoxyacetate  (IX), 1-Cyano-2-naphthol  [16.9 g (0.1 mole)], 12.3 g (0.1 mole) of 
ethyl chloroacetate ,  and 0.3 g of calcined sodium acetate were added to a solution of 2.3 g of sodium metal  
in 200 ml of absolute ethanol, and the mixture was refluxed until it was completely homogeneous (about 30 h). 
The hot solution was f i l tered and cooled. Water (100 ml) was added to the precipitate,  and the residue was 
removed by suction fil tration, washed with water,  and air  dried to give 17 g (67 ~c) of es te r  IX with mp 99 ~ (from 
CC14) and Rf 0.52. Found ~: N 5.56, 5.59. CIsHIaNO 3. Calculated ~: N 5.49. 

1,2,3,5-Tetrahydro[4H]naphtho[l,2-f]-l,4-oxazepin-3-one (XII). As in the synthesis of III, 1.3 g (61~c) 
of lactam XII with mp 213 ~ (from aqueous ethanol or benzene) and Rf 0.63 was obtained by the hydrogenation 
of 2.55 g (0.01 mole) of ester IX in methanol over Raney nickel. Found ~c: N 6.62, 6.71. C13HIINO 2. Cal- 
culated % : N 6.67. UV spectrum: )t max 278 nm (log e 3.787. 

o-(Aminomethyl)hydrocinnamic Acid (VI). A 0.5 g (0.003 mole) sample of lactam III was heated on a 
boiling-water bath in 3 ml of concentrated hydrochloric acid until it dissolved. The solution was then 
cooled to room temperature, and the precipitate was removed by suction filtration, squeezed, and dried in 
a vacuum desiccator over potassium carbonate to give 0.4 g (60~7 of the hydrochloride of amino acid VI 
with mp 210 ~ (dec., from ethanol). Found ~c: N 6.70, 6.75; C116.44, 16.39. CIoHI3NO 2 �9 HCI. Calculated ~: 
N 6.49; C116.47. 

2,3,4,5-Tetrahydro[IH]benzo[c]azepine if). A benzene solution of 7.65 g (0.05 mole) of lactam III was 
added dropwise to a solution of lithium aluminum hydride (from 4 g of lithium hydride in 200 ml of ether) 
in such a way that the ether boiled vigorously. The mixture was then refluxed for 20 h, and the excess 
aluminum hydride was decomposed initially with moist ethyl acetate and then with water. The precipitate 
was dissolved by adding water, the ether-benzene layer was separated, and the aqueous layer was ex- 
tracted twice with 5 ml portions of ether~ The combined extracts were dried with sodium sulfate, the sol- 
vent was removed by distillation, and the residue was vacuum distilled to give 5.5 g (80~c) of compound I 
with bp 105 ~ (6 ram). The chloroplatinate melted at 195 ~ . The tosyl derivative melted at 134-135 ~ which is 
in agreement with the literature data [6]. 

2,3,4,5-Tetrahydro[IH]benzo[f]-l,4-oxazepines (XIHT. As in the previous experiment, 4.1 g (50~c) of 
XIII with bp 103-105 ~ (4 turn) was isolated by the reduction of 9.2 g (0.06 mole) of lactam X after refluxing 
for 15 h and subsequent workup of the reaction mixture. The IR spectrum did not contain frequencies cor- 
responding to a carbonyl group. According to [18], this compound boils at 122-129 ~ (15 ram). 
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