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The l i th ium a luminum hydr ide  reduct ion  of the e the r s  and to sy l a t e s  of c h roma n-4 -one  oxime and re la ted  
compounds has  been studied.  It has  been found that the e the r s  of the oximes ,  l ike the ox imes ,  do not 
undergo a no rma l ,  but r a t h e r  an anomalous ,  reduc t ion .  The to sy l a t e s  of the oximes  exhibit  a h igher  
tendency to undergo anomalous  reduct ion  than the co r re spond ing  ox imes .  During the syn thes i s  of the e the r s  
of the ox imes  i t  was es tab l i shed  that the use  of d ime thy l fo rmamide  as  the medium for  a lkyla t ion  of the 
oxime sa l t s  he lps  to supp re s s  the s ide  r eac t ion  fo rming  n i t rones .  

In p reced ing  p a p e r s  [1-3]  it was shown that  the l i th ium a luminum hydr ide  reduct ion  of c h r o m a n - 4 - o n e  ox imes  
and r e l a t ed  compounds can fo rm not only the p roduc t s  of the n o r m a l  reac t ion ,  i . e . ,  the co r re spond ing  p r i m a r y  amines ,  
but a l so  (in a number  of c a s e s ,  p redominant ly)  s econda ry  amines ,  as  the r e s u l t  of reduc t ive  r e a r r a n g e m e n t .  Thus,  the 
expe r imen ta l  m a t e r i a l  given p r ev ious ly  shows that  the l i th ium a luminum hydr ide  reduct ion  of the oximes  has a defini te  
p r e p a r a t i v e  value  in the syn thes i s  of both p r i m a r y  amines  and the p roduc t s  of the anomalous  reduct ion .  

Continuing our  inves t iga t ions  in th is  d i rec t ion ,  we have studied the ac t ion  of l i th ium aluminum hydr ide  on e t h e r s  
of the ox imes  (Table 1). Accord ing  to the l i t e r a t u r e  [4], the reduc t ion  of e the r s  of ox imes  (for example ,  benzyl  e the r s  
of benzophenone and acetophenone oximes)  t akes  p lace  no rma l ly ,  without r e a r r a n g e m e n t .  However ,  the reduct ion  of 
the methyl  e the r  of ch roman-4 -one  oxime (I) gave us an unexpected r e s u l t :  in addi t ion to 5770 p r i m a r y  amine  (4 -amino-  
chroman)  we obtained 2270 of a s econda ry  amine  (2 ,3 ,4 ,  5 - t e t r a h y d r o - 1 , 5 - b e n z o x a z e p i n e ) ,  i . e . ,  the product  of the 
reduct ive  c leavage  of the r ing .  The reduct ion  of the methyl  e the r  of t h ioc h roma n-4 -one  took p lace  s i m i l a r l y .  A check 
of these  obse rva t ions  on the methyl  e the r  of benzophenone oxime showed that  in th is  case ,  a l so ,  r educ t ive  r~a~meg 
r e a r r a n g e m e n t  took p lace .  This  induced us to de t e rmine  the d i r ec t ion  of" reduc t ion  in benzyl  e the r s  of some o•  
(the ox imes  of benzophenone,  acetophenone,  and; c h r o m a n - 4 - o n e ) .  In a l l  e x p e r i m e n t s  the fo rma t ion  of secondary  _ 
amines  was found, although in cons ide r ab ly  s m a l l e r  amounts  than in the reduct ion  of the methyl  e the r s ,  o r  the oximes 
t h e m s e l v e s  (according  to the l i t e r a t u r e  [11], benzophenone oxime f o r m s  a mix tu re  of benzylani l ine  and benzhydry lamine  
in a r a t i o  of 1.4 : 1). 

It i s  p robab le ,  that e s t e r s  of ox imes  of a l ipha t ic ,  a r o m a t i c  and a r o m a t i c  ketones  wi l l  behave with r e s p e c t  to 
l i th ium a luminum hydr ide  in a manner  s i m i l a r  to that of the co r r e spond ing  ox imes  [3, 12]. It is  a s sumed  that the 
r eac t i on  with e s t e r s  of oximes  wil l  take p lace  through the fo rma t ion  of ox imes  by reduc t ive  deacyla t ion  [12]. 

The re  is  no informat ion  on the r educ t ion  of oxime O-su l fona tes .  We have found that the t o sy l a t e s  of c h r o m a n - 4 -  
one and t h ioch roman-4 -one  ox ime have a cons ide r a b ly  g r e a t e r  tendency than the co r re spond ing  ox imes  to undergo 
anomalous  reduct ion .  While the ac t ion of l i th ium a luminum hydr ide  on the ox imes  of these  ketones  gave 4370 2, 3 , 4 , 5 -  
t e t r a h y d r o - 1 , 5 - b e n z o x a z e p i n e  and 6170 2, 3 , 4 , 5 - t e t r a h y d r o - l ,  5 -benzoth iazep ine  [1], the t o sy l a t e s  of these  oximes  
were  conver ted  into the co r r e spond ing  seconda ry  amines  to the extent  of 54 and 8170, the y ie lds  of p r i m a r y  amines  
fa l l ing  cons ide rab ly .  An addi t ional  conf i rmat ion  of th is  phenomenon was obtained by compara t ive  expe r imen t s  on the 
reduct ion  of acetophenone oxime and i t s  tosy la te  under  abso lu te ly  ident ica l  condi t ions :  the tosy la te  gave no l e s s  than 
7170 N-e thy lan i l ine ,  and the oxime gave 177o of th is  amine  and 5070 ~ -pheny le thy lamine  (1170 of the in i t ia l  oxime being 
r ecove red ) .  

It appea red  to us that  the r e s u l t s  obta ined  he re  on the reduc t ion  of e the r s  and t o sy l a t e s  of ox imes  mus t  be borne  
in mind in any d i s cus s ion  of the pos s ib l e  mechan i sm of the anomalous  behavior  of the oximes .  In any case ,  the 

* F o r  pa r t  XXXVII, see  [23]. 
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T a b l e  1. R e s u l t s  of t he  R e d u c t i o n  of O - D e r i v a t i v e s  of O x i m e s  w i t h  L i t h i u m  A l u m i n u m  H y d r i d e  

Exper- 
iment 

no, 

9 

10 

I1 

Initial oxime derivative 

Methyl ether of  chroman-4-one 
oxime 

Benzyl ether of  chroman-4-one 
oxime 

Methyl ether of thiochroman-4- 
one oxime 

Methyl ether of benzophenone 
oxime 
Methyl ether of  benzophenone 
oxime 
Benzyl ether of  benzophenone 
oxime 

Benzyl ether of benzophenone 
oxime 
Benzyl ether of acetophenone 
oxime 

Ether 

Ether 

Ether 

Condit 

solvent 

Tetrahydro- 
furan 
Tetrahydro. 
furan 
'Tetrahydro- 
furan 

'Tetrahydro- 
furan 
.Ether 

Tosylate of  chroman-4-one oxime Ether 

Tosylate of thioehroman-4-one oxim 1 Ether 

Tosylate of acetophenone oxime / Ether 

ons of reduction 

amount Time of 
of LiAIH4, boiling, 
moles hr 

Reaction products: primary 
secondary amines 

4-Amirtochroman 
2,3,4,5-Tetrahydrod,5- 
henzoxazepine 
4-Aminochroman 
2,3,4,5-Tetrahydro-1,5- 
benzoxazepine a 
4-Aminothiochroman 
2,3,4,5-Tetrahydro- [,5-bertzo- 
thiazepine b 
Benzhydrylamine 
N-Bertzylanilined 
Benzhydrylamine 
N-Benzytaniline 
Benzhydrylamine 
N-Benzylaniline e 

Benzhydrylamine 
N-Benzylaniline 
a-Phenylet hylamine 
N-Ethylaniline 

2,3,4,5-Tetrahydro-l,5- 
benzoxazepine a 
2,3,4,5-Tetrahydro-l,5.benzo- 
thiazepine 
N-Ethylaniline g 

Yield of hydrochlorides, % 

of the individual amine 
(rap, ~  

57 (229--231 s) 
22 (202--203 l) 

60 (228--229) 
18 (200--201 ~) 

58 (228--2296 ) 
I I  (205--206,5 t) 

14 c 
86 c 
51e 
49 e 
62 (269--2708 ) 

8 (yield of the base) 

69 
10 
42 (156--I56,5 s) 

e 

4,0 

5,0 

3,5 

of the unseparated 
amine mixture 

54 (200--201,5 l) 

81 (203--205 ~) 

71 (t75,5--176,51~ ) 

5 

7 

10 

17 

(with the regeneration 
of  23% of the inital 
ether) 22 

6 

20 

a b e Base, mp fi3-54 ~ C [ I 1. N-Tosyl derivative, mp 137-138 ~ C [ 1 l. Relative yield of base from the results of gas-liquid chromatography (check with the 
authentic substance), at a total yield of  the mixture of  hydroehlorides of ~70%. d Base, mp 35.5-36.5 ~ C [71. e Base, mp 37 ~ C [ 7]. f Could not be isolated irt the pure 
state. Its presence was established by thin-layer chromatography of  the base and the tnsylation product, g N-Tosyi derivative, mp 84.5-85 ~ C [ 1O]. 
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reduced  capac i ty  of the benzyl  e t h e r s  of the oxime as  compared  with the ox imes  t h e m s e l v e s  and, in turn ,  the lower  
tendency of the l a t t e r ,  compared  with t he i r  t o sy l a t e s ,  to undergo anomalous  reduct ion  a r e  a rgumen t s  aga ins t  the 
reduct ion  m e c h a n i s m  accord ing  to which, as  a s sumed  in one publ ished pape r  [13], the anomalous  and no rma l  reduc t ive  
p r o c e s s e s  take p lace  through the same i n t e rmed ia t e  s tage ,  which i s  s t r u c t u r a l l y  independent of the oxygen-conta ining 
pa r t  of the oxime.  Thus,  the mechan i sm of reduc t ion  of the ox imes  [13] mus t  be re f ined  by a s suming  compet ing  
t r a n s f o r m a t i o n s  of an i n t e rmed ia t e  compound of type A by rou t e s  a and b, and t he r e fo re  pos tu la t ing  that  the i n t e r m e d i a t e  
i n t e rmed ia t e  compound B cons ide red  in th is  p a p e r  [13] is  r e s p o n s i b l e  only fo r  the anomalous  reduc t ion  p r o c e s s .  
Compounds of type A f igur ing in this  s cheme  a r e i n  fac t  N-subs t i tu ted  hyd roxy lamines  ( thei r  me ta l  der iva t ive)  and the 
capac i ty  of the l a t t e r  for  undergoing anomalous  reduct ion ,  l ike the co r r e spond ing  oximes ,  has  been shown p rev ious ly  
[11]. Appl ica t ion  of th i s  scheme of t r a n s f o r m a t i o n s  to oxime e t h e r s  and e s t e r s  p e r m i t s  us to take  into account the 
influence of the group which is  subst i tu ted fo r  the hydrogen a tom of the hydroxyl  in the oxime.  It i s  p o s s i b l e  that  t h e i r  
capac i ty  fo r  coord ina t ion  with a luminum hydr ide  af fec ts  the d i r e c t i o n  of the t r a n s f o r m a t i o n  of the type  A compound (by 
route  a o r  b). We m a y  a l so  note that  the  mechan i sm of the anomalous  reduct ion  of ox imes ,  including an i n t e r m e d i a t e  
r e a r r a n g e m e n t  (of the Beckmann type) of the oxime into an amide ,  a s  p roposed  p rev ious ly  [14] is  not in ha rmony  with 
a whole s e r i e s  of f ac t s  (see [1,11]).  
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In th is  p a p e r  we a l so  d e s c r i b e  the syn thes i s  of a number  of e t h e r s  of he t e roc yc l i c  ke tox imes  (Table  2) with the 
a im of tes t ing  them for  pha rmaco log i ca l  ac t iv i ty ,  be a r i ng  in mind the fact  that among e the r s  and e s t e r s  of the ox imes  
the re  a r e  subs tances  with va r ious  types  of b io log ica l  ac t iv i ty .  The synthes i s  of the oxime e t h e r s  was c a r r i e d  out by 
two known methods :  by a lkyla t ing  the  ox imes ,  and by the r eac t ion  of O-subs t i tu ted  hydroxy lamines  with the 
co r r e spond ing  ketoneso Alka l i  m e t a l  s a l t s  of the ox imes ,  on a lkyla t ion  with a lkyl  su l fa tes  or  a lkyl  ha l ides ,  may  give 
not only the  e t h e r s  of the ox imes  but a l so  the p roduc ts  of N-a lky la t ion ,  i . e . ,  n i t rones ,  s o m e t i m e s  in p redomina t ing  
amounts  [15, 16]. We a s sumed  that  the use  of d i m e t h y l f o r m a m i d e  (DMF) a s  the solvent  would p romo te  a m o r e  
se l ec t ive  O-a lky la t ion  of the ox imes ,  s ince  the anions a r e  poo r ly  so lva ted  by apro t i c  p o l a r  solvents~ In ac tua l  fact ,  
taking as  examples  the r eac t i on  of d imethyl  sulfate with acetophenone and benzophenone ox imes ,  and that of benzyl  
ch lo r ide  with benzophenone oxime,  the assumpt ion  has been conf i rmed .  E the r s  of the ox imes  we re  obtained with 
y i e lds  of 91, 65, and 83%, r e spec t i ve ly ,  and the f o r m a t i o n  of n i t rones  was supp re s se d  a l m o s t  comple te ly .  F o r  
compar i son ,  the methy la t ion  of benzophenone oxime with d imethyl  sulfate  in aqueous a lka l i  [15] gave 23% e the r  and 
45 % n i t rone .  

Some other  e t h e r s  of chromanone oximes  were  obtained by the same  method ( informat ion on the e the r s  and e s t e r s  
of the ox imes  is  given in Table 2). 

EXPERIMENTAL 

The t o s y l a t e s  of c h r o m a n - 4 - o n e ,  t h ioch roman-4 -one ,  and acetophenone ox imes  were  obtained by publ ished 
methods  [17, 18]. The e the r s  of the ox imes  were  synthes ized  f rom the co r r e spond ing  ketones  and hydroxy lamine  
e t h e r s ,  with the except ion of the methyl  e ther  of benzophenone oxime,  which was obtained by methyla t ing  the oxime 
(for pu r i f i ca t ion  i t  was t r ea t ed  with hydrogen ch lor ide  in pe t ro l eum e ther ) .  The pur i ty  of the oxime e t h e r s  was checked 
by ch roma tog raphy  in a thin l a y e r  of A12G 3 in c o m p a r i s o n  with the co r r e spond ing  ketones  a n d / o r  ox imes  and by the 
ch roma tog raphy  of e t h e r s  of acetophenone and benzophenone ox imes  with the co r r e spond ing  n i t rones .  

Li th ium aluminum hydr ide  containing l e s s  than 1% (by weight) C1 ion was used for  reducing  the oxime e t h e r s  and 
e s t e r s ,  with the except ion of exper imen t  4 (Table  1) in which the l i th ium a luminum hydr ide  was p r e p a r e d  by the 
r eac t i on  in e the r  of A1Br~ with an exces s  of LiH (the exces s  of LiH was e l imina ted  a f t e r  the r eac t i on  had gone to 
complet ion)  with subsequent  r e p l a c e m e n t  of the e the r  by t e t r ahydro fu ran .  The s epa ra t i on  of the r e a c t i o n  p roduc t s  
( p r i m a r y  a l i p h a t i c - a r o m a t i c  amines  and seconda ry  amines  of the ani l ine  s e r i e s )  was based  on the d i f f e rences  in t he i r  
ioniza t ion  cons tan ts  [1,2] .  In a l l  c a s e s  a ch roma tog raph ic  check was c a r r i e d  out in a thin l a y e r  of AlzO 3 (ac t iv i ty  g rade  
VI, benzene)  in c o m p a r i s o n  with authentic s a m p l e s  of the b a s e s .  
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Oxlme e thers  and es te r s .  A) Anhydrous DMF and then, with water  cooling, a solution of the appropriate  oxime 
in DMF were added to 60% Nail. After the evolution of hydrogen had ceased (several  minutes) the alkylating agent 
(dimethyl sulfate, benzyl chloride,  or f l-dimethylaminoethyl chloride} was gradually added. The reaction mixture was 
s t i r red ,  poured into ice water,  and extracted with ether or  benzene. The organic solution was evaporated, the residue 
was dried by the addition and evaporation of benzene, and it was dist i l led in vacuo or  recrys ta l l i zed  and, except for  
the e s t e r s  of acetophenone and benzophenone oximes and the dimethylaminoethyl ether of 3-methylthiochromanone 
oxime, the substances were additionally purified by precipitat ing the contaminating initial  oximes and nitrones in the 
form of thei r  hydrochlorides (by adding to a solution of the reaction products in petroleum ether an ethereal  solution 
of hydrogen chloride}. 

B} A solution of NH2OCH 3- HC1 in methanol was added to a solution of the corresponding ketone in methanol and 
then, with s t i r r ing  and cold water  cooling, finely ground anhydrous sodium carbonate was added in small  port ions.  The 
react ion mixture was heated, the methanol was disti l led off in vacuo, the residue was treated with MgSO 4, the ether 
was dist i l led off, and the residue was dis t i l led  in vacuo or rec rys ta l l i zed .  

C) A solution of the appropria te  ketone and O-ether of hydroxylamine in 20 ml of absolute toluene or xylene was 
boiled for  3 hr 30 min with the water  being taken off in a Dean and Stark t rap  containing barium oxide, the solvent was 
evaporated off, and the residue was dist i l led in vacuo or r ec rys ta l l i zed .  

Reduction of acetophenone oxime. A solution of 2.7 g (0,019 mole) of acetophenone oxime in 30 ml of ether was 
added to a solution of 3.04 g (0.08 mole) of lithium aluminum hydride (from AtBr 3 and an excess  of LiH) in 64 ml of 
ether.  The mixture was boiled for  5 hr ,  decomposed with 30 ml of moist  ether and 50 ml of 10% NaOH, and'extracted 
with ether (3 • 40 ml). The combined e thereal  solutions w e r e  extracted with 10% HC1 (2 • 20 ml}; 11~ of the initial  
oxime remained in the ether.  The acid solution was evaporated to dryness ,  and the res idue [a mixture of p r imary  and 
secondary amine hydrochlorides (2.82 g, i . e . ,  90%)] was separated into the free amines by a method described 
previously [1,2]. The amines in ethereal  solution were converted into the hydrochlorides in the usual way. The yield of 
N-ethylaniline hydrochloride was 0.55 g (17%}, mp 172-173.5 ~ C. There was melting point depression when mixed 
with an authentic sample having mp 174.5-175 ~ C [10]. The yield of a-phenylethylamine hydrochloride was 1.57 g (50~}, 
mp 157.5-158 ~ C. There wa.s no melting point depress ion in admixture with an authentic sample having mp 157.5-158 ~ 
C [9]. N-Benzoyl derivat ive,  mp 119 ~ C (mixed melting point tes t  with an authentic sample [9]). 

The reduction of the tosylate of acetophenone oxime and the t reatment  of the react ion mixture were car r ied  out 
under completely s imi la r  conditions (Table 1, experiment 11). 
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