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A p r e p a r a t i v e  method is p roposed  for  the synthes is  of 2 ,3 ,4 ,5 - t e t r ahyd ro - l , 5 -benzo th i aze -  
pine by reduct ive  r ing  expansion of 4 -chromanone  and 4- th iochromanone oximes .  These 
compounds were  conver ted  to the cor responding  N-amino  der iva t ives ,  which, like a r y l -  
hydraz ines  in the F i scher  reac t ion ,  give new condensed indole s y s t e m s .  The reduct ion of 
the oxime (and its tosylate)  of 5 -oxo -2 ,3 ,4 ,5 - t e t r ahyd ro - l -benzoxep ine  was investigated.  

Arenohe te rocyc lenes  of the 2 ,3 ,4 ,5 - t e t r ahydro - l , 5 -benzoxazep ine  type a re  r e la t ive ly  d i f f icu l t - to-ob-  
tain and l i t t l e - inves t iga ted  compounds.  

2 ,3 ,4 ,5 -Te t r ahydro - l , 5 -benzoxazep ine  (I) and 2 ,3 ,4 ,5 - t e t r ahydro - l ,5 -benzo th iazep ine  (II) a re  obtained 
in low yields by reac t ion  of o-aminophenol  and 2 -mercap toan i l ine  with 1,3-dihalopropanes [1, 2] or by r e -  
duction of chromanone and th iochromanone oximes with l i th ium a luminum hydride [3, 4]. The well-known 
method for the synthes is  of I, which is based  on the reduct ion of 2 ,3 ,4 ,5 - t e t r ahydro - l , 5 -benzoxazep in -4 -one  
with l i thium a luminum hydride,  is l imi ted  by the fact  that the s t a r t ing  l a c t a m  [3, 5, 6] is difficult to obtain. 

In the p r e se n t  r e s e a r c h  we invest igated the reduct ion of 4 -chromanone  and 4- th iochromanone oximes 
with LiA1H 4-A1C1 s (1:4) taking into account the fact that the appl icat ion of the indicated reagent  for  the r e -  
duction of other oximes of al iphatic  a rom a t i c  ketones r a i s e d  the yields of products  of reduct ive  r e a r r a n g e -  
ment  cons iderably  [7, 8]. In fact ,  it was found that the r e a r r a n g e m e n t  occu r r ed  p rac t i ca l ly  comple te ly  [only 
t r a c e s  of p r i m a r y  amines  a re  detected by th in- layer  ch romatography  (TLC)].  This method for the synthe-  
s i s  of I and II can undoubtedly be extended to var ious  subst i tu ted oximes of 4-chromanone  and its analogs 
that a re  capable of reduct ive  r e a r r a n g e m e n t  (for example ,  see  [9, 10]). Inasmuch as the mechan i sm of the 
reduct ive  r e a r r a n g e m e n t  has not been a sce r t a ined  definit ively [4], the accumulat ion of exper imenta l  data, 
p a r t i c u l a r l y  on the effect  of subst i tuents  in the a roma t i c  por t ion  of the ketoxime and the r ing  s ize  of the 
oximine f r agmen t  of the molecule  on the re la t ive  yields of the products  of compet i t ive  reac t ions  - no rma l  
and anomalous reduct ion - is des i rable .  It has been noted [3, 8] that 1-indanone oxime is less  inclined to 
undergo r e a r r a n g e m e n t  under the influence of LiA1H 4 than 1- te t ra lone  oxime,  whereas  1-benzosuberone 
oxime differs  l i t t le  in this r e s p e c t  f r o m  its s i x - m e m b e r e d  homolog [8]. However ,  it is known [3, 9] that 
the t rans i t ion  f r o m  4- th iochromanone  to 5-homothiochromanone  is accompanied  by a sha rp  dec rea se  in the 
re la t ive  r a t e  of the anomalous  reac t ion :*  the yields of p r i m a r y  and secondary  amines  a re  27 and 43%, r e -  
spec t ive ly ,  in the f i r s t  case ,  as compared  with 74 and 0% in the second case .  The effect  of the r ing s ize  of 
the cor responding  oxygen analogs has not been studied: data on the redution of 5 -oxo-2 ,3 ,4 ,5 - t e t r ahydro -  
1-benzoxepine (HI) were  not available.  We filled this gap. It was a sce r t a ined  that oxime III r e ac t s  with 

*We sa t i s f ied  ourse lves  that the use of 1 mole of LiA1H 4 r a the r  than 3 moles  does not change the ra t io  of 
the reac t ion  products .  
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LiAltt  4 to give a mix tu re  of a secondary  amine  - 2H-3 ,4 ,5 ,6 - t e t r ahyd ro - l , 6 -benzoxazoc ine  - and 5- 
amino-2 ,3 ,4 ,5 - t e t r ahydro-%-benzoxep ine  (V) in re la t ive  yields of 34 and 66%, r e spec t ive ly .  Conse-  
quently, oxime III is m o r e  inclined to undergo reduct ive  r e a r r a n g e m e n t  than its sulfur  analog, but 
in this case  the oxime of the s e v e n - m e m b e r e d  ketone is conver ted  to a r ing-expans ion  product  in 
lower  re la t ive  yield, inasmuch as the secondary  and p r i m a r y  amines  a re  f o rmed  in a rat io  of 63 and 
27% in the reduct ion of 4 -chromanone  oximes  [3]. The use  of a mix tu re  of LiAltt 4 and A1C13 for  the 
reduct ion of oxime III changes the d i rec t ion of the reac t ion  in favor  of the secondary  amine  (94% 
amine  IV and 6% amine  V). It  has been found [4] that it is be t te r  to use  oxime tosy la te s  to obtained s e c -  
ondary  amines .  This method p roved  to be successfu l  in the case  of the oxime of III: the re la t ive  yields of 
amines  IV and V were  97 and 3%, respec t ive ly .  Secondary amine IV is fo rmed  en t i re ly  f ree  of the p r i m a r y  
amine by reduct ion of the tosyla te  of oxime III  with LiA1H4-A1C13. Pure  IV was isola ted in 43% yield in a 
p r e p a r a t i v e  exper iment .  It  might  have been concluded that in the s e r i e s  of oximes of oxygen and sulfur  ben-  
zoheterocyclenes  the l a t t e r  differ  by their  lower re la t ive  ease  of r e a r r a n g e m e n t .  With allowance for  the 
p roposed  m e c h a n i s m  of the reduct ion of oximes of s im i l a r  ketones [4], this difference is apparent ly  d e t e r -  
mined by the g r e a t e r  e l ec t ron-donor  capaci ty  of the alkoxy group as compared  with the th ioether  group (for 
example ,  see  [11]). On the other  hand, a dec rease  in the tendency to undergo r e a r r a n g e m e n t  is obse rved  
on pass ing  f r o m  the s i x - m e m b e r e d  al icycle  to the s e v e n - m e m b e r e d  a l icycle  (however, the products  of the 
r e a r r a n g e m e n t  contain s even -  and e i g h t - m e m b e r e d  r ings ,  r e spec t ive ly ) ,  and this is in poor  ag reemen t  with 
the re la t ionship  d i scovered  for the Beckmann r e a r r a n g e m e n t  of 1-benzocyclene oximes .  In addition, it is 
a lso  p robab ly  n e c e s s a r y  to take into account the high degree  of folding of the su l fur -conta in ing  sa tu ra ted  
he te rocyc les  and the a s soc ia t ed  conformat ional  pecu l ia r i t i es  [13]. We used I and II, which have become 
quite access ib l e ,  for the synthes is  of hydraz ines  and condensed indoles f r o m  them. 2 ,3 ,4 ,5 -Te t r ahyd ro -5 -  
amino - l , 5 -benzoxazep ine  (VI) and its analog - a hydrazine with a benzothiazepine s t ruc tu re  (VII) - were  ob-  
ta ined by n i t rosa t ion  of I and II and reduct ion of the n i t roso  der iva t ives  (VIII, IX). 

NO ~IH 2 

- - ~  X-XVII 

X / X / ~"%.//~.X / 

I, II VIII, IX VI, VII 

I,VI. VIII x = O ;  II, VII, IX X=S 

Methyl ethyl ketone, cyclohexanone,  t e t r ahydro -4 - th iopyrone ,  4-piper idone,  and 1 - m e t h y l - 4 - p i p e r -  
idone s e r v e d  as the ketone components in the F i sche r  reac t ion .  The cycl izat ion was c a r r i e d  out by r e f lux -  
ing solutions of the components  in absolute alcohol (with the hydrazine in the f o r m  of the hydrochlor ide) ,  
without the addition of acid,  in the p r e s e n c e  of hydrogen chloride or  e thylsul fur tc  acid. As a r e su l t ,  we ob- 
ta ined new polycondensed indole s y s t e m s  (X-XVII, see  Table 1). The synthes is  of condensed indoles on the 
bas i s  of hydraz ines  of the 1-aminoindoline type was p rev ious ly  p roposed  in [14]. 

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

The UV s p e c t r a  of alcohol solutions of the compounds (c =10-4-10 -~ M) were  r e c o r d e d  with an SF-4  
spec t ropho tomete r .  The IR s p e c t r a  were  obtained with a UR-10 s p e c t r o m e t e r .  The PMR s p e c t r a  were  r e -  
corded with a Varian T-60 s p e c t r o m e t e r  on the ~ sca le .  

The pur i ty  of the compounds obtained was moni tored  by means  of th in - l ayer  ch romatography  (TLC) 
on A1203 (alkaline form);  in the redac t ion  of the ox imes ,  the s ta r t ing  ketones,  ketox.imes, and the resu l t ing  
amines  were  identified by compar i son  with authentic subs tances .  

2 ,3 ,4 ,5 -Te t r ahydro - l , 5 -benzoxazep ine  (I). A 32.5-g (0.24 mole) sample  of anhydrous AlCl 3 and a s u s -  
pension of 2.33 g (0.061 mole) of LiA1H 4 in 80 ml  of e ther  were  added succes s ive ly  in sma l l  por t ions  with 
cooling to 200 ml of absolute e ther ,  a f te r  which the mix ture  was s t i r r e d  for  1.5 h. A solution of 10 g (0.061 
mole) of 4 -chromanone  oxime in 100 ml of e ther  was added, and the mixture  was ref luxed for 9 h. It was 
then decomposed,  init ial ly with mois t  e ther  and then with wa te r  until the resu l t ing  solid dissolved.  The 
aqueous solution was sepa ra t ed ,  washed with e ther  (the e ther  ex t r ac t  contained the neutra l  product  and a 
smal l  amount of the s t a r t ing  oxime),  made alkaline with 10% p o t a s s i u m  hydroxide solution, and ex t rac ted  
with e ther .  The ex t rac t  was dr ied with magnes ium sulfate  and evapora ted  to give 5.5 g (60.2%) of I (con- 
taining t r a ce s  of p r i m a r y  amine) with mp 51-53 ~ (from p e t r o l e u m  ether)  (rap 53-54 ~ [4]) and Rf 0.73 (activ- 
ity IV A1203, chloroform) .  According  to [4], authentic 4 -aminochroman  has Rf 0.26. 

2 ,3 ,4 ,5 -Te t r ahydro - l , 5 -benzo th l azep ine  (II) Hydrocblor ide .  This compound was s i m i l a r l y  obtained 
f r o m  0.15 mole of 4- th iechromanone  oxime,  0.15 mole of LiA1H4, and 0.6 mole of A1C13 with subsequent  
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TABLE 1. 

= x o 
E 
o xl~ 
xI 0 

XII / S 

XIII S 

XIV D 

XV S 

XVI O 
XVI! S 

Condensed Indoles (X-XVII) 

(CH2)4 B 

(C H2) 4 A 

CH2N (CH3) CH.~CH: I 

CH2N (CH3)CH2CH2 ~- 

CH_~SCH2CH.~ 2 

CH2SCH~CH3 B 
CH2NHCH.oCH2 .2 

rap, *C 

78--79(from 
hexane) " [ 
88--89 (from 
absolute 
alcohol) 
104--105,5 
(from 
heptane) 
84--85(from 
heptane - 
benzene) 
250--251 (from 
water) 
145--14b,5 
(from 
benzene) 
143--144 
278 (dec.. 
from aqueous 
alcohol) 

Empirical 
formula 

b 
C,3H,sNO 

C,sH,TNO 

CIsHxvNS 

C]sHIsN2S c 

C,sHIsN~O d- 
�9 HCI 

C,4H,sNS~ e 

Found, % talc., % 

C H N S C]H N 

I 

I 

6,03 77,6 

::- 70' 5 13,4 

] 

, .~4,5 64,3 ! 

6~ 12,7 68,6 
11,8 59,8 

CI4HxsNO.,q 
C14H16N~S *. 

�9 HCI 

77,77,9 

?9,47,6 

?4,3 7,2 

39,76,9 

34.26,8 

34,3 5,8 

58,46,2 
59,56,0 

7,5 6,9 

7,5 6,2 

7,0 5,8 

70 0,8 

5,3 

5,7 
0,0 

I 

13,2,!! 
12,4 t39 

aR =R'  =CH 3. bIR s p e c t r u m  (in mine ra l  oil), cm- l :  1615, 1590, and 
1570. cUV s p e c t r u m ,  ~ m a x  (log r nm: 232 (4.42), 258 (4.1), and 
300 (3.9); IR s p e c t r u m  (in minera l  oil), cm- l :  1610 and 1580. dFound: 
C1 12.4%. Calculated:  C1 12.7%. eIR s p e c t r u m  (in mine ra l  oil), cm- l :  
1600 and 1570. fFound: C1 12.6%. Calculated:  C1 12.6%. 

t r e a t m e n t  of base  II with a solution of hydrogen chloride in e ther .  The yield of product  with mp 202-204 ~ 
(from isopropyl  alcohol) (rap 205.5-207 ~ [3]) was 17.2 g (80.5%). 

5 -Oxo-2 ,3 ,4 ,5 - t e t r ahyd ro - l -benzoxep ine  Oxime Tosyla te  (III). A mixture  of 0.85 g (5 mmole)  of ox- 
ime III and 1.04 g (5.5 mmole)  of p- toluenesulfonyl  chlor ide  in 4 ml  of pyridine was allowed to stand for 
5 h, a f te r  which it was poured  into 20 ml of wa te r  and 6 ml of concentra ted HC1. The acid mixture  was a l -  
lowed to stand in a r e f r i g e r a t o r  for  ~ 16 h, and the resu l t ing  c rys t a l s  were  r e m o v e d  by f i l t ra t ion and 
washed with water  and p e t r o l e u m  ether  to give 1.3 g (82%) of the tosyla te  with mp 88.5 ~ (dec., f r o m  abso-  
lute alcohol). Found: C 62.1; H 5.1; N 4.3; S 9.6%. Cl~Hl?NO4S. Calculated: C 61.6; H 5.2; N 4.2; S 9.7%. 

2H-3 ,4 ,5 ,6 -Te t r ahydro - l , 6 -benzoxazoc ine  (IV) Hydrochlor ide.  A 3.31-g (0.01 mole) sample  of oxime 
tosyla te  III was added in por t ions  to a p r e p a r e d  solution (0.04 mole of A1C13 and 0.01 mole  of LtA1H4) in 160 
ml of e ther ,  and the resu l t ing  mixture  was ref luxed for 9 h. It was then decomposed with 20 ml  of mois t  
e ther ,  20 ml of water ,  and 40 ml of 20% sodium hydroxide solution and ex t rac ted  with ether .  The e ther  so -  
lutions were  ex t rac ted  with 10% HC1 solution, and the aqueous solutions were  vacuum evapora ted  to d ry -  
ness .  The res idue  was c rys t a l l i zed  f r o m  absolute a l c o h o l - e t h e r  to give 0.186 g (43%)of thehydrochlor ide  
of IV with mp 240 r (dec.) and Rf 0.9 [activity VI A1203, b e n z e n e - c h l o r o f o r m  (10:1)]. Found: C 60.3;H7.1;  
C1 17.7; N 7.2%. C10H13NO'HC1. Calculated: C 60.1; H 7.1; C1 17.7; N 7.0%. P1VIR s p e c t r u m  of base  IV (in 
CC14): 1.62 (m, 4H, CCH2CH2C) 3.50 (m, 3H, NH, and NCH2) , 4.05 (m, 2H, OCH2) , and 6.55 ppm (m, 4H, 
C6H4). For  proof  of the s t ruc tu re  of amine IV, ketone III was conver ted  by the Schmidt reac t ion  [15] to 2H- 
3 ,4 ,5 ,6 - t e t r ahydro-  1 ,6-benzoxazocin-5-one  (which we also obtained by Beckmann r e a r r a n g e m e n t  of oxime 
III) and reduced  with LiA1H 4 to IV [15], which was cha rac t e r i zed  in the f o r m  of the hydrochlor ide.  

5 -Amino -2 ,3 ,4 ,5 - t e t r ahyd ro - l -benzoxep ine  (V). A solution of 2.66 g (0.15 mole) of oxime III in 200 
ml of e ther  was added to 0.57 g (0.015 mole) of LiA1H 4 in 25 ml of e ther ,  and the mixture  was ref luxed for 
9 h. It was then decomposed with 20 ml of mois t  e ther ,  20 ml of water ,  and 20 ml  of 20% sodium hydroxide 
solution and ex t rac ted  with e ther .  The e ther  ex t rac t s  were  ex t rac ted  with 10% HC1 solution, and the hydro-  
chlor ic  acid solutions were  vacuum evapora ted .  The r e s idue  (a mix ture  of the hydrochl0r ides  of IV and V) 
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was dissolved in 10 ml of wate r ,  and the resu l t ing  solution (solution A) was f i l te red.  The f i l t ra te  was made 
alkaline to pH 2 with s a tu ra t ed  NaHCO 3 solution, 5 ml of ace ta te  buffer  was added, and the mix ture  was ex-  
t r a c t ed  with e ther  to give 0.16 g of secondary  amine IV. Sodium carbonate  was added to pH 8 to the aqueous 
solution, and the alkaline mix ture  was ex t rac ted  s u c c e s s i v e l y  with e ther  and ethyl ace ta te .  The combined 
ex t rac t s  were  evapora ted ,  and the res idua l  oil was dissolved in e ther .  The hydrochlor ide  was p rec ip i t a t ed  
by  the addition of an e ther  solution of hydrogen chloride and c rys t a l l i zed  f r o m  absolute a l c o h o l - e t h e r  to 
give 0.8 g (33%) of the hydrochlor ide  o f  V with rap 260 ~ (dec.) and Rf 0.2. Found: C 60.1; H 7.1; C1 17.7; 
N 7.3%. C10HlaNO.HC1. Calculated: C 60.1; H 7.1; C1 17.7; N 7.3%. PMR s p e c t r u m  of base  V (in CC14): 
1.8 (In, 6H, NH 2 and CCH2CH2C), 4.05 (m, 3H, 5-H and OCH2) and 7.05 p p m  (m, 4H, C6H4). For  the de t e r -  
minat ion of the re la t ive  yields of amines  IV and V, an aliquot of solution A containing the mix ture  of hydro-  
chlor ides  was made alkaline,  and the bases  were  ex t r ac t ed  and analyzed by PMR spec t roscopy  in CDaCOOD 
solutions;  the bas i s  of this analys is  is the fact  that the 5-H signal of V appea r s  s e p a r a t e l y  at 4.8 p p m  (mon- 
i toring with r e s p e c t  to a genuine sample) .  

2 , 3 , 4 , 5 - T e t r a h y d r o - 5 - n i t r o s o - l , 5 - b e n z o t h i a z e p i n e  (IX). A total  of 6.35 g (0.0925 mole) of a concen-  
t r a t ed  solution of sodium ni t r i te  was added gradual ly  at 0 ~ to 12.2 g(0.074 mole) of II in 65 mlof15% sulfur ic  
acid,  and the mix ture  was s t i r r e d  for 30 min. The resu l t ing  prec ip i ta te  was s epa ra t ed  to give 13.2 g (92%) 
of n t t r o s o a m i n e I X w i t h m p  85-87 ~ (from 2-propanol) .  Found: C 56.1; H 5.2; N 14.4; S 16.6%. CgHi0N2OS. 
Calculated: C 55.7; H 5.2; N 14.4; S 16.5%. 

2 ,3 ,4 ,5 -Te t r ahyd ro -5 -am i no - l , 5 -benzo th i azep ine  (VII) Hydrochlor ide .  A 31.5-ml  sample  of glacial  
ace t ic  acid was added dropwise to a mix tu re  of 12 g (0.062 mole) of I X  and 31.5 g (0.75 g-a tom)  of zinc dust 
in 140 ml  of methanol  at 14-16 ~ a f t e r  which the mixture  was s t i r r e d  at 14-16 ~ for  3 h and at 20 ~ for  16 h. 
The solution was sepa ra t ed ,  vacuum evapora ted  to 80 ml,  made s t rongly  alkal ine,  and ex t rac ted  with e ther .  
The e ther  solution was dried with magnes ium sulfate  and t r e a t ed  with hydrogen chloride to p rec ip i ta te  11.6 
g (83.7%) of hydrochlor ide  VII with mp 190-191 ~ ( f rom alcohol).  Found: C 49.8; H 6.1; C1 16.3; N 12.9; S 
14.7%. CgHnN2S. HC1. Calculated: C 49.9; H 6.0; C1 16.4; N 12.9; S 14.8%. 

2 , 3 , 4 , 5 - T e t r a h y d r o - 5 - a m i n o - l , 5 - b e n z o x a z e p i n e  (VI) Hydrochlor ide .  The method used to obtain the 
hydrochlor ide  of VII was used to obtain this compound by n i t rosa t ion  of I and subsequent  reduct ion of ni -  
t r o s o  der iva t ive  VIII (without isolat ion in pure  form) .  The yield of the hydrochlor ide  of VI with mp 172- 
173.5 ~ (dec., f r o m  2-propanol)  was 61%. Found: C 53.9; H 6.6; C1 17.7; N 14.0%. CgH12N20. HC1. Calcu-  
lated:  C 53.9; H 6.6; C1 17.7; N 14.0%. 

Synthesis of Indoles X-XVII. Method A. A mix ture  of 0.7 g (3 mmole)  of the hydrochlor ide  of VII and 
0.35 g (3.7 mmole)  of cyclohexanone in 10 ml of 15% HC1 in absolute alcohol was ref luxed for  10 rain, a f te r  
which it was poured  into wa te r ,  and the resu l t ing  p rec ip i t a te  was r e m o v e d  by f i l t ra t ion to give 0.52 g of in- 
dole XII. 

Method B. A 0.5-g (2.4 mmole)  s ample  of the hydrochlor ide  of VI was ref luxed for 3 rain with 0.28 
mmole  of cyclohexanone in 5 ml of absolute alcohol.  Workup gave 0.37 g of indole XI. 

Method C. A 1-g (4.5 mmole)  sample  of the hydrochlor ide  of VII was ref luxed for 1 h with 0.6 g (5 
mmole)  of t e t r ahydro -4 - th iopyrone  with a solution p r e p a r e d  f r o m  0.5 g of concent ra ted  sul fur ic  acid and 
10 ml  of absolute alcohol.  Workup gave 1 g of indole XV. 

The other indole der iva t ives  (Table 1) were  obtained by the indicated methods;  in the synthes is  of 
XIII, XIV, and XVII the s t a r t ing  piper idones  were  used in the f o r m  of the i r  hydrochlor ides ,  the reac t ion  
mix tures  were  made alkaline with p o t a s s i u m  carbonate ,  and the ba se s ,  which were  conver ted  to the hydro-  
chlor ides  in the case  of XIV and XVII, were  isolated.  A 9% solution of hydrogen chloride in alcohol was 
used in the p r e p a r a t i o n  of indole XIV. In the case  of X, the crude product  was pur i f ied  by ch romatography  
with a column filled with act ivi ty  IV A1203 and elution with hexane.  
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