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The r e su l t s  of the oxidation of a number  of 4 -subs t i tu ted  1 ,2 -d imethy ldecahydro-4-qu ino lones  
with hydrogen peroxide  in methanol  a r e  in conformi ty  with the r e su l t s  obtained by us e a r l i e r  
and conf i rm that  the s t e r e o c h e m i s t r y  of the oxidation of ni t rogen depends on the conf igura-  
tion of the methy l  subst i tuent  in the 2 posit ion of the decahydroquinoline r ing.  Under these  
condit ions,  the e p i m e r i e  1 , 2 -d i m e t hy l - t r an s -decahyd ro -4 -qu ino lones  undergo pa r t i a l  i n t e r -  
i somer i za t i on  at  the 2 posit ion to give a mix tu re  of th ree  N-oxides  that  c o r r e s p o n d  to both 
amino ke tches .  The oxidation of the co r re spond ing  keta ls  p roceeds  like the oxidation of 
amino alcohols  without e p i m e r i z a t i o n .  I t  is  the reby  shown that the ep imer iza t ion  of the C 2 
center  during the fo rmat ion  of the N-oxides  f rom e p i m e r i e  1 , 2 - d i m e t h y l - t r a n s - d e c a h y d r o -  
4-quinolones occurs  with the par t ic ipat ion  of the carbonyl  group. 

In developing our  r e s e a r c h  on the s t e r e o c h e m i s t r y  of the epoxidation of decahydroquinoline d e r i v a -  
t ives ,  in the p r e s e n t  communica t ion  we se t  forth the r e su l t s  of the oxidation of 1 ,2 -d ime thy l -4 -e thyny l -  (I) 
a n d - 4 - v i n y l d e c a h y d r o - 4 - q u i n o l o n e s  (VI) of the 2e4e configurat ional  se r i es , l '  three  s t e r e o i s o m e r i c  1,2- 
d ime thy l -4 -ace ty ldecahydro -4 -qu ino lones  (2e4a,  2e4e, and 2 a 4 e - X I V ,  XIX, and XXIV, respec t ive ly ) ,  and 
two e p i m e r i c  (with r e s p e c t  to the 2 position) 1 ,2 -d ime thy l - t r ans -decahyd ro -4 -qu ino lones  (XXVII, XXXII) 
with hydrogen peroxide  in methanol .  

A m i x t u r e  of N-oxides  II and III, f r o m  which individual p i c r a t e s  IV and V were  isolated,  was obtained 
in the oxidation of ace ty lenic  alcohol I (2e4e) with hydrogen peroxide  in methanol .  Under the s ame  condi-  
t ions,  two N-oxides  (VII and VIID, which were  identified through p i c r a t e s  I X  and X, a r e  a lso  fo rmed  f rom 
vinyl alcohol VI. Oxidation of alcohol VI with 2 mole  of pe race t i c  acid in ch lo ro fo rm gave epoxide N-oxide 
XI, which was i so la ted  and identified through p i c r a t e  XII, and the p r e s e n c e  of N-oxide VIII was detected 
qual i ta t ively  by th in - l aye r  c h r o m a t o g r a p h y  (TLC).  Oxidation of alcohol VI with p e r f o r m i c  acid gave epoxide 
XIII, and an epoxide N-oxide ident ical  to XI was synthes ized  f rom the l a t t e r  by oxidation with hydrogen p e r -  
oxide. Compound XI was a lso  obtained by oxidation of N-oxide  VII with pe race t i c  acid. 

Oxidation of keto alcohol XIV (2e4a) with hydrogen peroxide  in methanol  gave a mix tu re  of i s o m e r i c  
N-oxides  XV and XVI, which could be s epa ra t ed  by f rac t ional  c rys ta l l i za t ion .  Keto alcohol XIX (2e4e) un-  
der  s i m i l a r  condit ions a lso  f o r m s  a mix tu re  of two i s o m e r i c  N-oxides  XX and XXI, which were  s epa ra t ed  
as p i c r a t e s  XXII and XXIII.  

* See [1, 2] for  communica t ions  I and II. 
The symbols  2a or  2e indicate  axial  or  equator ia l  or ien ta t ions  of the methyl  group in the 2 posit ion; 4a  

or 4e designate  axial  or  equator ia l  o r ien ta t ions  of the 4-R subst i tuent .  
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Kete alcohol XXIV (2a4e) behaves differently on oxidation with hydrogen peroxide in methanol and 
gives only one N-oxide (XXV). 

The above resul ts  are  in conformity  with the resul ts  that we previously obtained and confi rm the ef-  
fec t  of the orientation of the methyl substituent in lhe 2 position of the decahydroquinoline r ing  on the 
s t e reochemis t ry  of the oxidation of the nitrogen atom. 

In con t ras t  to amino alcohols,  which retain their  configuration during oxidation, as at tested to by the 
reduction of the N-oxides obtained to the s tar t ing amino alcohols,  epimer ic  amino ketones XXVII (2e) and 
XXXII (2a) undergo part ial  in ter i somer iza t ion  at the 2 position on oxidation with hydrogen peroxide in 
methanol to each give a mixture of three N-oxides that cor respond  to both amino ketones. In both cases ,  
picrate  x x x ,  which cor responds  to N-oxide XXVIII, and picrate  XXXI, which cor responds  to N-oxide XXIX, 
were isolated as a resu l t  of separat ion of the mixture of N-oxides.  

To relate the N-oxides to the s tar t ing amino ketches,  the lat ter  were regenera ted  by catalytic hy-  
drogenation of the N-oxides.  Amino ketone XXVII was obtained from N-oxide XXVIII, while amino ketone 
XXXII was obtained f rom N-oxide XXIX, which was used in the hydrogenation as the picrate .  On the basis 
of the evident predominance of N-oxide XXVIII over N-oxide XXIX in the products  of the oxidation of the 
amino ketches,  i t  can be concluded that amino ketone XXVII, which has an equatorial  methyl  group, and the 
N-oxide formed f rom it (XXVIII) are  much more  stable under the oxidation conditions than ketone XXXII, 
which has an axial methyl group, and its N-oxide (XXIX). In addition to N-oxides XXVIII and XXIX, a third 
reaction product  (XXXIII) was detected by TLC. On the basis of data on the s t e r eochemis t ry  of the oxi- 
dation of amino alcohols,  it can be assumed that XXXIII was formed in the oxidation of ketone XXVII and is 
an epimer  of N-oxide XXVIII with respec t  to the nitrogen atom. 
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It might  have been assumed  that the carbonyl group part icipates in the epimerizat ion of ketches 
XXVII and XXXIL To verify this assumption, the corresponding ethylene ketals (XXXIV and XXXV) were 
oxidized under the conditions of the oxidation of the ketones. The oxidation of ketal XXXIV (2e) gave two 
of its N-oxides,  which, after  removal  of the ketal grouping, were converted to a mixture  of two N-oxides 
of the ketone. N-Oxide XXVIII was isolated by crysta l l izat ion of the p icra tes  of the lat ter .  The second 
epimer of the mixture was identified as the N-oxide XXXIII by chromatography.  

Only one N-oxide of the ketal, the hydrolys is  of which gave N-oxide XXIX, is formed in the oxidation 
of ketal XXXV (2a). It should be noted that individual N-oxide XXIX, in cont ras t  to its picrate  (XXXI), is 
ext reme!y unstable and readi ly  i somer izes  (in a column filled with A1203 under the conditions of its for -  
marion and also s imply on storage) to give a mixture of three N-oxides that cor respond  to both ketones, 
and the N-oxide oxygen is par t ia l ly  cleaved to give the s tar t ing ketone (XXXII). 

The resul ts  provide evidence that the oxidation of ketals in which the carbonyl group is protected 
proceeds like the oxidation of amino alcohols without epimerizat ion at the C 2 center  and confi rm the a s -  
sumption that the epimerizat ion of this center  during the formation of N-oxides f rom epimer ic  1,2-di-  
methy l - t rans -decahydro-4-qu ino lones  occurs  with the participation of the carbonyl group. The mechanism 
of the epimerizat ion is under study. 
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EXPERIMENTAL 

The course of the reaction was monitored by means of TLC on AI203. The reaction mixture was 
chromatographed in the systems of solvents used both for the separation of the starting decahydroquinolones 
[acetene-hexane-ether (i : 9 : i0)] and for the separation of their N-oxides [ethanol-acetone (I : 2)]. 

Oxidation of 1,2-Dimethyl-4-ethynyldecahydro-4-quinolone. A 1 g (5 mmole) sample of alcohol I 
(2e4e, mp 114-115 ~ in 15 ml of methanol was oxidized with 4.92 g (15 mmole) of 10% hydrogen peroxide. 
After the usual workup, the product was converted to the picrateo A total of 0.80 g of picrate IV with mp 
211-212 ~ (from alcohol) and R/0.68 (the value corresponding to N-oxide ID precipitated on standing. Found: 
C 50.7; H 5.2%~ CI~H21NO 2- C6H3N~O 7. Calculated: C 50.4; H 5.3%. The mother liquor yielded 0.8 g of 
picrate V with mp 148-149 ~ and R/0.46 (the value corresponding to N-oxide III). Found: C 50.6; H 5.4%. 

CI3H21NO 2. CsHsN307. Calculated: C 50.4; H 5.3%. 

Oxidation of 1,2-Dimethyl-4-vinyldecahydro-4-quinolol. A) Oxidation of 0.75 g (4 mmole) of alcohol 
VI (2e4e, mp 96 ~ in i0 ml of methanol by means of 4 g (12 nunole) of 10% H202 gave 0.73 g of reaction 
product, which was converted to the picrate. Fractional crystallization of the mixture of picrates gave 0.6 
g of picrate IX with mp 198-199 ~ (from alcohol) and R/0.63 (the value corresponding to N-oxide VII). Found: 
C 50.3; H 5.8%. CI3H23NO ~" C6H3N3OT. Calculated: C 50.2; H 5.7%. The mother liquor yielded 0.55 g of 
picrate X with mp 129-130 ~ and R/0.5 (the value corresponding to N-oxide VIII). Found: C 50.2; H 5.7%. 

CI3H23NO2. C6H3N3OT. Calculated: C 50.2; H 5.7%. 

B) A 1 g (5 mmole) sample of alcohol VI in 20 ml of chloroform was oxidized with i.I g (i0 mmole) 
of 73% peracetic acid. The usual workup gave i.i g of a viscous substance. Fractional crystallization of 
the mixture of picrates from ethanol gave 0.85 g of picrate XII with mp 185-186 ~ and Rf 0.60 [the value 
corresponding to 1,2-dimethyl-4-(l,2-epoxy-ethyl)decahydro-4-quinolol N-oxide (XI)]. Found: C 48.4; H 
5.6%. Ct~H23NO 3 �9 C6H3N307. Calculated: C 48.5; H 5.6%. Two spots with R/0.60 and 0.50 (the latter was 
identical to that of N-oxide VIII) were detected on chromatography of the mother liquor. N-Oxide XI was 
also obtained by oxidation of N-oxide VII with 73% peracetic acid (i mole) in chloroform and by oxidation 
of glycidic alcohol XIII with 10% hydrogen peroxide in methanol. Compound XIII (rap i12-i13 ~ R/0.84) 
was obtained by oxidation of vinyl alcohol VI with performic acid. Found: C 69.4; H 10.2%. CI3H23NO ~. 
Calculated: C 69.3; H 10.3%. 

Oxidation of Isomeric 1,2-Dimethyl-4-acetyldecahydro-4-quinolols. A) Oxidation of 2 g (9 mmole) 
of ketel XIV (2e4a, mp 139-140 ~ by means of 2.8 g (9 mmole) of 10% hydrogen peroxide in methanol gave 
1.9 g of a mixture of isomeric 1,2-dimethyl-4-aeetyldecahydro-4-quinolol N-oxides. Fractional crystal- 
lization of 1 g of a mixture of the N-oxide from alcohol-ether gave 0.4 g of N-oxide XV (rap 226-227 ~ R/ 
0.56. Found: C 64.8; H 10.0%. C13H23NO 3. Calculated: C 64.8; H 9.6%) and 0.2 g of N-oxide XVI (rap 195- 
196 ~ R/0.65. Found: C 65.1; H 9.8%. CI3H23NO 3. Calculated: C 64.8; H 9.6%). Crystallization of the 
mixture of picrates obtained from 0.9 g of the crude mixture of N-oxides from ethanol gave 0.7 g of pie- 
rate XVII with mp 178-179 ~ and R/0.56. Found: C 48.4; H 5.9%. CI3H2~NO3- C6H3N30 ~. Calculated: C 
48.5; H 5.6%. The mpther liquor yielded 0.4 g of picrate XVIII with mp 154-156 ~ and R/0.65. Found: C 
48.4; H 5.7%. CI3H23NO 3. CsH3N30 ~. Calculated: C 48.5; H 5.6%. 

B) Reaction of 0.8 g (3.5 mmole) of ketel XIX (2e4e, mp 61-62 ~ with 1.2 g (3.5 mmole) of 10% hy- 
drogen peroxide in methanol gave 0.9 g of a mixture of isomeric N-oxides. Crystallization of the mixture 
of picrates obtained from 0.7 g of the mixture of N-oxides from ethanol gave 0.8 g of picrate XXII with mp 
162-163 ~ and R/0.75 (the value corresponding to N-oxide XX). Found: C 48.6; H 5.5; N 12.0%. CI3H23NO 3- 
CGH3N307. Calculated: C 48.5; H 5.6; N Ii.9~o. The mother liquor yielded 0.i g of pierate XXIII with mp 
161-162 ~ and R/0.57 (the value corresponding to N-oxide XXD. Found: C 48.4; H 5.8; N 11.8%. C13H23NO3. 
C6H3N307. Calculated: C 48.5; H 5.6; N 11.9%. A mixture of picrates XXII and XXIII melted at 140-145 ~ 

C) A 0.8 g (3.5 mmole) sample of ketel XXIV (2a4e, mp 112-113 ~ gave 0.8 g of N-oxide XXV with 
Rf 0.50; a 0.4 g sample of crude N-oxide XXV was converted to the picrate, and crystallization of the 
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l a t te r  f r o m  ethanol gave 0.7 g of p ic ra te  XXVI with rap 187-188 ~ and R f  0.50. Found: C 48.6; H 5.4%. 
C13H23NO 3 �9 C6H3N307. Calculated: C 48.5; H 5.6%. Th in - l aye r  ch romatography  of the mothe r  l iquor gave 
one spot (Rf  0.51). 

Oxidation of I s om er i c  1 ,2 -Di rae thy l - t r ans -decahydro-3-qu ino lones  (XXVII and XXXH). A) A solution 
of 12.4 g (48 mmole)  of 10% H202 in CH3OH was added to 3 g (16 mraole) of decahydroquinolone XXVH [2e, 
bp 85-87 ~ (1.5 ram),  nD 2~ 1.4956, R f  0.54]. Three  spots (Rf  0.54, 0.46, and 0) were  detected 2 h af ter  the 
s t a r t  of the exper imen t  by TLC of the reac t ion  mix tu re  in the s y s t e m  of solvents  for ketones;  two spots 
(Rf  0.54 and 0) were  detected 72 h af ter  the s t a r t  of the exper iment .  The s ta r t ing  ketone (XXVH) had been 
oxidized a f te r  2 weeks to give 3.2 g of a mix tu re  of N-oxides ,  TLC of which in the sy s t em for ketones gave 
one spot (Rf  0), while three  spots (Rf  0.67, 0.57, and 0.35) were  detected in the s y s t e m  of solvents  for N-  
oxides. The mix tu re  of N-oxides  was conver ted  to a mix tu re  of p ie ra te s .  Crys ta l l iza t ion  of the l a t t e r  f rom 
e t h a n o l - a c e t o n e  (3 : 1) gave 3.8 g (59%) of p ic ra te  XXX with m p  175-176 ~ and R f  0.67 (the value c o r r e s p o n d -  
ing to N-oxide XXVIII). Found: C 47.8; H 5.2%. CllH18NO 2. C6H3N307. Calculated: C 47.9; H 5.2%. The 
mothe r  l iquor yielded 0.4 g (6%) of p ic ra te  XXXI with m p  137-138 ~ and R f  0.57 (the value cor responding  to 
N-oxide XXIX). Found: C 48.0; H 5.4%. CllH18NO 2.C6H3N30?. CalCulated: C 47.9; H 5.2%. 

B) A 7.8 g (21 mraole) sample  of 10% H202 was added to a solution of 1.3 g (7 mraole)  of decahydro-  
quinolone XXXII (2a,  mp 51-52 ~ R f  0.46) in 10 ml  of methanol .  Th in - l ayer  ch roma tog raphy  of the r e a c -  
tion mix tu re  10, 20, 30, and 40 days a f te r  the s t a r t  of the exper imen t  in the s y s t e m  of solvents  for the sep-  
ara t ion  of p iper idones  gave three  spots (Rf  0.54, 0.46, 0). The oxidation was complete  af ter  50 days to 
give 1.3 g of a mix tu re  of N-oxides  as a v iscous  liquid, TLC of which in the s y s t e m  of solvents  for the sep-  
ara t ion  of p iper idones  gave one spot (Rf  0), while TLC in the s y s t e m  for the separa t ion  of N-oxides  gave 
three  spots (R f0 .67 ,  0.58, and 0.36). The mix tu re  of N-oxides  was conver ted  to the p ic ra te .  F rac t iona l  
c rys ta l l i za t ion  of the la t te r  f rom ethanol gave 1.29 g (46%) of a p ic ra te  with rap 175-176 ~ and R f  0.67, 
which did not dep re s s  the mel t ing  point of p i c ra t e  XXX. The mothe r  l iquor yielded 0.02 g of a p ic ra te  with 
rap 136-137 ~ and R f  0.58, which did not dep re s s  the mel t ing  point of p ic ra te  XXXI. 

Catalytic Hydrogenation of N-Oxides  XXVIII and XXIX. A) Hydrogenation of 0.1 g (0.4 mraole)  of N-  
oxide XXVHI over  a Lindlar  ca ta lys t  (at 738 rata  and 20 ~ resu l t ed  in the consumption of 23 ral (1 ramole) 
of hydrogen. Workup of the mix tu re  gave 0.1 g of hydrogenat ion product ,  which gave one spot (Rf  0.55) on 
TLC in the s y s t e m  for  piper idones .  The reac t ion  product  was t r ea t ed  to give i ts  hydrochlor ide ,  mp 164- 
165 ~ which did not dep re s s  the mel t ing  point of a genuine sample  of the hydrochlor ide  of decahydroquino-  
lone XXVII. 

B) A total  of 75 ml  (10 ramole) of hydrogen was abso rbed  in the hydrogenat ion of 0.1 g of N-oxide 
XXIX in the fo rm of p ic ra te  XXXI in the p r e s e n c e  of Pd/CaCO3 (at 729 rata and 27~ Workup of the m i x -  
tu re  gave 0.1 g of a substance,  which gave one spot (Rf  0.46) on TLC in the s y s t e m  for  p iper idones .  The 
substance was pur i f ied in a column fil led with A120 ~ (1 : 15; CHC13) and conver ted  to the hydrochlor ide  with 
rap 145-146 ~ No rael t ing-point  depress ion  was obse rved  for  a mix tu re  of this hydrochlor ide  with the hy -  
droehlor ide  of decahydroquinolone XXXII. 

1 ,2 -Di rae thy l - t r ans -decahydro-4-qu ino lone  Ketals .  A) A solution of 0.4 g (2 mmole)  of ketone XXVII, 
0.5 g (6 raraole) of ethylene glycol, and 0.42 g (2 mraole) of p- toluenesulfonic  acid in 30 ral of benzene was 
heated with a D e a n - S t a r k t r a p  until wa te r  l ibera t ion ceased .  The benzene was then removed ,  and aqueous 
KOH solution was added until the mix tu re  was alkaline. The reac t ion  product  was ex t rac ted  with e ther ,  the 
ether  was r e m o v e d  f r o m  the ex t r ac t  by disti l lation, and the res idue  was f rac t ionated  to give 0.4 g of 1,2- 
d imethyldecahydro-4-quinolone ethylene ketal  (XXXIV) as a v i scous  liquid. Found: C 69.5; H 10.5; N 6.1%. 
CIaH23NO 2. Calculated: C 69.3; H 10.2; N 6.2%. 

B) A total of 0.38 g of 1,2-diraethyldecahydro-4-quinolone ethylene ketal (XXXV), which was obtained 
as a viscous liquid, was similarly synthesized from 0.4 g (2 mmole) of ketone XXXII. Found: C 69.2; H 
10.3; N 6.1%. CI3H23NO2. Calculated: C 69.3; H 10.2; N 6.2%. 

Oxidation of Ketals XXXIV and XXXV with Hydrogen Peroxide. A) Oxidation of 0.4 g (1.7 mmole) of 
ketal XXXIV with 10% H202 [1.8 g (5.1 ramole)] in chloroforra-methanol (1 : 1) gave 0.4 g of a mixture of 
ketal N-oxides; Rf 0.73 and 0.34. The oxidation product (0.2 g) was converted to a mixture of picrates, 
crystallization of which from alcohol gave 0.1 g of a picrate (corresponding to N-oxide XXXVD with rap 
167-168 ~ and Rf 0.66. Found: C 48.3 H 5.5; N 12.0%. CI3H23NO 3. C6H3N30 ~. Calculated: C 48.5; II 5.5; 
N 11.9%. A mixture of this picrate with picrate XXX melted at 154-158 ~ 
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B) Similar oxidation of 0.3 g (1.3 mraole) of ketal XXXV with 10% H202 gave 0.3 g of N-oxide XXXVII 
(Rf 0.56), which was converted to picrate XXXIX with rap 204-205 ~ (from alcohol). Found: C 48.4; H 5.6; 
N 12.2%. C13H23NO 3- C6H3N307. Calculated: C 48.5; H 5.5; N 11.9%. 

Hydrolysis of Ketal N-Oxides XXXVI and XXXVIII. A mixture of N-oxides (Rf 0.67 and 0.36) was 
obtained by heating 0.1 g of the crude mixture of N-oxides obtained from ketal XXXIV with 4~0 hydrochloric 
acid at 80-90 ~ for 40 rain and subsequent workup of the reaction product (neutralization with potassium car -  
bonate, extraction with chloroform, drying with MgSO4, and removal of the solvent). Crystallization of the 
mixture of picrates  gave 0.08 g of a pierate with rap 173-174 ~ and Rf  0.67; it did not depress the melting 
point of picrate XXX. Similarly, a substance with Rf  0.56 (corresponding to N-oxide XXIX) was obtained 
from 0.1 g of crude N-oxide XXXIII by heating with 4~0 HC1. 
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