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Reaction of 2-methyl -2-c innamoyloxi ranes  with benzylamine gave s te reo i somer ic  3-hydroxy-  
3 -me thy l - l -benzy l -6 -a ry l -4 -p ipe r idones ,  which were converted to 3 -hydroxy- l ,3 -d imethy l -  
6-aryl-4- 'p iper idones  by debenzylation and subsequent methylation. 3 -Hydroxy-3-methy l -6 -  
phenyl te t rahydro-4- thiopyrone acetate was obtained by reaction of 2 -methy l -2 -c innamoyl -  
oxirane with thioacetic acid. The three-dimensional  configurations of the synthesized com-  
pounds were established by means of their  IR and PMR spectra.  

The reaction of 2-methyl -2-c innamoyloxi ranes  with methylamine and hydrogen sulfide gives 3e-hy-  
droxy-4-piper idones  [1] and 3a-hydroxyte t rahydro-4- th iopyrones  [2, 3] - p r o d u c t s  of in t ramolecular  cycl iza-  
tion of the intermediate unsaturated amino ketols and dimercapto ketols. In order  to make a fur ther  investi-  
gation of the mechanism and s te reochemica l  principles of the react ions of acyloxiranes,  in the present  r e -  
search we studied the react ion of cinnamoyloxiranes Ia-c  with benzylamine and thioacetic acid. It was found 
that the reaction of benzylamine, in contrast  to the reaction of methylamine [1], with oxiranes Ia-c  gives a 
mixture of s t e reo i somer ic  3-hydroxy-4-piper idones  (W-VIII), the ra t io  between which is determined by the 
tempera ture  conditions of the reaction. Thus pr imar i ly  3a-hydroxy-4-piper idones  IV-VI are  formed in r e -  
fluxing isopropyl alcohol; when the react ion is ca r r ied  out at 20-25~ mainly 3e-hydroxy-4-piper idones  
VII and VIII are  obtained. 

In order  to ascer ta in  the pathways of formation of piperidones IV-VIII we isolated the p r imary  product 
of addition of benzylamine to the double bond (II, Ar = C6H5) and to the oxide ring (III, Ar=C6H~). It was found 
that II is cyclized at 20-25 ~ in isopropyl alcohol to piperidone VII and that III is cyclized to VII upon reflux- 
ing. Heating aminooxirane II in isopropyl alcohol is accompanied by conversion to piperidone VII and s ta r t -  
ing Ia, with predominance of the latter. Judging from the resul ts  of th in- layer  chromatography (TLC), the 
cyclization of II occurs  more  rapidly and more  readily than the cyclization of III. At the same time, amino 
alcohol III is converted to piperidone IV on heating in isopropyl alcohol in the presence of benzylamIne. It 
must be noted that piperidones IV and VII a re  not epimerized in the presence  of benzylamine. 
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The s t ruc tu re  of benzylpiper idones  IV-VI was conf i rmed by cata lyt ic  debenzyla t i0nto  piper idones  IX- 
XI and subsequent  methyla t ion with me thy l  iodide to 3a -hydroxy-4 -p ipe r idones  XII-XIV, which a r e  s t e r e o i s o -  
m e r s  of the 3e -hydroxy-4 -p ipe r idones  that  we p rev ious ly  obtained by reac t ion  of ox i ranes  l a -c  with me thy l -  
amine  [1]. 
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The p r i m a r y  product  in the reac t ion  of oxirane Ia with thioacet ic  acid is 3e -hyd roxy te t r ahyd ro -4 -  
th iopyrone ace ta te  (XVII), the hydro lys i s  of which yielded hydroxythiopyranone XVIII, which is a s t e r e o i s o -  
m e r  of 3a -hydroxy te t r ahydro -4 - th iopyrone ,  which we prev ious ly  obtained by reac t ion  of hydrogen sulfide 
with oxirane Ia [2, 3]. The fo rmat ion  of ace ta te  X-VII is evidently assoc ia ted  with migra t ion  of the ace ty l  
group in the p r i m a r y  product  of opening of the epoxide r ing with th ioacet ic  acid. 
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The posi t ions  of the OH absorpt ion bands in the IR spec t r a  of IV-XVI, XVIII, and XIX (Table 1) do not 
change on pass ing  f r o m  the c rys ta l l ine  s ta te  to solutions up to a concent ra t ion  of 10 -3 M, and this consti tuted 
evidence for  the p r e s e n c e  of an i n t r amolecu la r  hydrogen bond between the equator ia l  hydroxyl  group and the 
oxygen a tom of the carbonyl  group or between the axial  hydroxyl  group and the ring he teroa tom.  The con- 
f igurat ion of the carbinol  cen ter  was es tabl ished by compar i son  of the IR spec t r a  of IV, VII, and XVIII and 
the spec t r a  of ethylene keta ls  XV, XVI, and XIX obtained f rom them.  The OH absorpt ion  band in the spec -  
t r um of ketal  XV is observed  at the s a m e  f requency (3520 cm ~1) as in the spec t rum of s ta r t ing  IV, and this 
is poss ib le  only when the re  is an i n t r amolecu la r  hydrogen bond between the axia l  hydroxyl  group and the 
he te ror ing  ni t rogen a tom.  The band of an assoc ia ted  hydroxyl  group in the IR spec t r a  of ethylene ketals  XVI 
and XIX is shifted to the h igh-f requency region (3580-3585 cm-1);  this is due to a change in the c h a r a c t e r  
of the i n t r amolecu la r  hydrogen bond and a t t e s t s  to equator ia l  or ienta t ion of the hydroxy groups  in the ketols  
(VII and X-VII) cor responding  to them.  

The 5- and 6-H pro tons  in the PY[R s p e c t r a  of IV, VII, XII, and X-VIII (Table 2) w e r e  isolated and an-  
alyzed with r e s p e c t  to a f i r s t - o r d e r  AMX sys t em.  The observed  constants  a r e  cha r ac t e r i s t i c  for  v ic inal  
protons  in a s i x - m e m b e r e d  r ing in the chair  conformat ion  and cor respond  to in teract ion of the axial ly o r -  
iented 6-H protons with the equator ia l ly  and axial ly oriented 5-H pro tons ;  this co r re sponds  to an equator ia l  
or ienta t ion of the phenyl group. The shift in the signal  of the equator ia l  5-H proton to s t ronger  field is p rob-  
ably due to the effect  of the phenyl r ing.  A c o m p a r i s o n  of the j g e m  constants  and the d i f ference  in the c h e m -  
ical  shifts  of the 2-H pro tons  with the analogous data for  he terocycl ic  compounds with a known orientat ion 
of the unshared  e lec t ron  pa i r  of the ni t rogen a tom [4] indicates an equator ia l  or ienta t ion of the methyl  and 
benzyl  groups at tached to the n i t rogen a tom.  The signals  of the methylene  protons of the benzyl  group f o r m  
a quar te t  in the PMR s p e c t r a  of 1V and VII with J=13 . 5  Hz, owing to the p r e s e n c e  of a ch i ra l  C 6 center ,  
which c r e a t e s  a d ias te reo top ic  env i ronment  [5]. 
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T A B L E  1. C h a r a c t e r i s t i c s  of the  S y n t h e s i z e d  Compounds  

C o m -  i 
Ar pound 

II 
III 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XlI 

XIII 
XIV 
XV 

XVI 
XVII 

XVIII 
XIX 

C6Hs 
C6HI~ 
C6H5 
4-CHaOC6H4 
2-CHaOCsH4 
C6H5 
2-CHaOC6H4 
C6H5 
4-CHaOCsH4 
2-CHoOC6H4 
C6H~ 
4-CHaOC~H~ 
2-CHaOC~H4 

mp, ~ Empirical 
formula 

C19H21NO~ 
C19H~INO2 
C,gH21NO2 
C2oH2aNOa 
CzoH23,NOa 
CI9H21NO2 
C2oH2aNOa 
CuHIsNO2 
CI3H1zNOa 
CI~j-I.NOa 
CIaH17NO2 
CI4HIgNOa 
CI4HIgNOa 
C21H2sNOa 
C=IH2sNOa 
CI4HI6OaS 
C,~J-I,40~S 
C~4H~sO3S 

N (s) ,  % 

found 

4,8 
4,5 
4,6 
4,2 
4,5 
4,6 
4,2 
6,6 
6.0 
B.1 
6,2 
5,5 
5,6 
4,1 
4,2 

(12,o) 
(14,3) 
(ll,9) 

calc. 

4,8 
4,8 
4,7 
4,3 
4,3 
4,8 
4,3 
6,7 
6,0 
6,0 
6,4 
5,6 
5,6 
4,2 
4,2 

(12,1) 
(14,4) 
(12,o) 

%'OH' 
cm -I 

3520 
3520 
3515 
3520 
3520 
3500 
3480 
3490 
3500 
3500 
3510 
3520 
3585 

3~o 
3580 

Yield, % 

2O 
46 
52 
60 
80 
4O 
52 
88 
83 
88 
72 
93 
85 
68 
83 
68 
90 
83 

T A B L E  2. P a r a m e t e r s  of the  PMR S p e c t r a  

I 6, ppm ~, Hz 
Com~ ! I 6_Ha ' ' 6.Ha ' pound[ 2-Ha 2*He 5-He 5-Ha ' 6"Ha N--R 3-CHa OH 2"Hae 5-Hae 5_Ha 5.He 

2.33 
2,09 
2,31 

XVIII / 2,78 

3,74 
3,80 
2,89 
2,88 

2,60 3,14 3,74 
2,49 2,75 3,50 
2,28 2,95 3,19 
2,88 3,17 4,08 

3,06 1,23 
2,95 t,50 
2,06 1,18 
- -  1 , 6 2  

3,96 
3,56 
3,92 
4,10 

13,5 
11,8 
12,0 
13,0 

14,5 
14,0 
12,0 
13,0 

9,5 4,8 
l 1,0 3,7 
10,5 3,0 
12,0 3,5 

In c o n f o r m i t y  with the  r e s u l t s  ob ta ined  and the  da ta  in p r e v i o u s l y  pub l i shed  p a p e r s  [1, 3], the  c o n v e r -  
s ion  of c i n n a m o y l o x i r a n e s  in r e a c t i o n s  wi th  p r i m a r y  a m i n e s  o r  h y d r o g e n  su l f ide  to the  c o r r e s p o n d i n g  3 e -  
h y d r o x y - 4 - p i p e r i d o n e s  o r  3 e - h y d r o x y t e t r a h y d r o - 4 = t h i o p y r o n e s  o c c u r s  v i a  i n t r a m o l e c u l a r  c y c l i z a t i o n  of the 
p r i m a r y  p r o d u c t s  of add i t ion  of the  a m i n e  o r  hyd rogen  su l f ide  to  the  oxide  r i n g  o r  the  double  bond,  w h e r e a s  
i n t r a m o l e c u l a r  c y c l i z a t i o n  of the  p r o d u c t s  of the  s e c o n d a r y  add i t i on  g i v e s  3 a - h y d r o x y - 4 - p i p e r i d o n e s  o r  3a -  

h y d r o x y t e t r a h y d r o - 4 - t h i o p y r o n e s .  

E X P E R I M E N T A L  M E T H O D  

The IR s p e c t r a  of s o l u t i o n s  of the  compounds  in c a r b o n  t e t r a c h l o r i d e  (10 -1 and 10 -3 M) and of K B r  
p e l l e t s  w e r e  r e c o r e d  wi th  a UR-20 s p e c t r o m e t e r .  The  PMR s p e c t r a  w e r e  r e c o r d e d  with V a r i a n  HA-100 
D-15 and J N M - P S - 1 0 0  s p e c t r o m e t e r s  wi th  h e x a m e t h y l d i s i l o x a n e  as  the  i n t e r n a l  s t a n d a r d .  The p h y s i c a l  
c h a r a c t e r i s t i c s  of compounds  I I -XIX a r e  p r e s e n t e d  in T a b l e  1. 

5 - B e n z y l a m i n o - 2 - m e t h y l - 5 - p h e n y l - l , 2 - e p o x y - 3 - p e n t a n o n e  (II). A 0 . 1 - m o l e  s a m p l e  of b e n z y l a m i n e  
and 1 g of m e t h y l t r i e t h y l a m m o n i u m  iod ide  w e r e  added  to a s o l u t i o n  of 0.1 m o l e  of o x i r a n e  Ia in 180 m l  of 
b e n z e n e ,  and the m i x t u r e  was  s h a k e n  at  20-25 ~ f o r  48 h. The  c a t a l y s t  was  then  r e m o v e d  by f i l t r a t i o n ,  the  
b e n z e n e  was  r e m o v e d  f r o m  the f i l t r a t e  by d i s t i l l a t i o n  at  r e d u c e d  p r e s s u r e ,  and the r e s i d u e  was  c r y s t a l l i z e d  
f r o m  e t h e r - p e t r o l e u m  e t h e r  (2 : 1) to g ive  5.9 g of a m i n o  ke tone  II. IR s p e c t r u m :  1720 (C=O) and 3370 
c m  -1 (NH). 

1 - B e n z y l a m i n o - 2 - h y d r o x y - 2 - m e t h y l ' - 5 - p h e n y l - 4 - p e n t e n - 3 - o n e  (III). A so lu t ion  of 0.05 m o l e  o f o x i r a n e  
Ia,  0.04 m o l e  of b e n z y l a m i n e  h y d r o c h l o r i d e ,  and 0.01 mo le  of b e n z y l a m i n e  in 100 m l  of m e t h a n o l  was  held 
at  .20-25~ 5 d a y s .  The m e t h a n o l  was then  r e m o v e d  by d i s t i l l a t i o n ,  and the  r e s i d u e  was d i s s o l v e d  in 100 
m1 of w a t e r .  The  n e u t r a l  r e a c t i o n  p r o d u c t s  w e r e  e x t r a c t e d  with  e t h e r ,  a f t e r  which  the  m i x t u r e  was  m a d e  
a l k a l i n e  wi th  p o t a s s i u m  c a r b o n a t e .  The  l i b e r a t e d  r e a c t i o n  p r o d u c t  was  e x t r a c t e d  with  e the r ,  and the  e t h e r  
e x t r a c t s  w e r e  washed  t h r e e  t i m e s  with w a t e r  and d r i e d  with  s o d i u m  su l f a t e .  The  e t h e r  was  r e m o v e d  by d i s -  
t i l l a t i on ,  and the  r e s i d u e  was f r a c t i o n a l l y  c r y s t a l l i z e d  f r o m  e t h e r - p e t r o l e u m  e t h e r  (1 : 1) to g ive  6.8 g of 
a m i n o  a l c o h o l  III.  IR s p e c t r u m :  1620 ( C = C ) ,  1690 (C=O) ,  3370 (NH); 3450 c m  -1 (OH). 

3 a - H y d r o x y - 3 e - m e t h y l - l e - b e n z y l - 6 e - a r y l - 4 - p i p e r i d o n e s  (IV-VI).  A) A 0 . 2 - m o l e  s a m p l e  of b e n z y l -  
a m i n e  was  added  to a so lu t ion  of 0.2 m o l e  of o x i r a n e  I a - c  in 200 m l  o f i s o p r o p y l a l c o h o l ,  and the m i x t u r e  
was r e f luxed  fo r  l h. The  s o l v e n t  was r e m o v e d  by d i s t i l l a t i o n ,  and the r e s i d u e  was  ac id i f i ed  wi th  5% h y d r o -  
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chloric  acid. The resul t ing  solution was t rea ted  with e ther ,  a f t e r  which it was made alkaline with po tass ium 
carbonate .  The l iberated reac t ion  product  was r emoved  by f i l t rat ion,  washed with wa te r , .d r i ed  in a des i c -  
ca tor  over  po ta s s ium hydroxide,  and c rys ta l l i zed  f r o m  heptane. 

B) A few drops  of benzy lamine  were  added to a solution of 0.01 mole  of amino alcohol III in 20 ml  
of i sopropyl  alohol, and the mixture  was ref luxed for  20 min. The solvent  was then removed  by dist i l lat ion,  
and the res idue  was c rys ta l l i zed  f r o m  heptane to give 2.4 g (80%) of p iper idone  IV. 

3 e : H y d r o x y - 3 a - m e t h y l - l e - b e n z y l - 6 e - a r y l - 4 - p i p e r i d o n e s  (VII and VIII): A) A 0 .05-mole  sample  of 
benzylamine  was added to a solution of 0.05 mole  of oxirane Ia, c in 100 ml  of methanol,  a f t e r  which the m i x -  
ture  was held at 20-25 ~ for  2 days and worked up as in the preceding exper iment .  

B) A 0 .01-mole  sample  of amino ketone II was dissolved in 20 ml  of methanol ,  and the solution was 
held at  20-25 ~ for  30 rain. The methanol  was then removed  by dist i l lat ion,  and the res idue  was c rys ta l l i zed  
f rom hexane to give 2.3 g (77%) of piper idone VII. 

C) A solution of 0.01 mole  of amino alcohol  III  in 20 ml  of i sopropy l  alcohol was ref luxed for  12 h, 
a f t e r  which the solvent  was removed  by dist i l la t ion,  and the res idue  was c rys ta l l i zed  f r o m  hexane to give 
1.8 g (61%) of piperidone VII. 

3 a - H y d r o x y - 3 e - m e t h y l - 6 e - a r y l - 4 - p i p e r i d o n e s  (IX-X1). A solution of 0.03 mote  of piper idone IV-VI 
in 50 ml  of g lac ia l  acet ic  acid was s t i r r ed  v igorous ly  in the p re sence  o f l g o f  5% Pd(OH) 2 on carbon in a hy- 
drogen a t m o s p h e r e  until 0.03 mole  of hydrogen had been absorbed.  The ca ta lys t  was then removed  by f i l -  
t ra t ion,  the acet ic  acid was r em oved  by dist i l lat ion,  and the res idue  was dissolved in 20 ml  of water  and 
made alkal ine with po ta s s ium carbonate .  The  l ibera ted  reac t ion  product  was removed  by f i l t rat ion,  washed 
with water ,  dried in a des i cca to r  over  po ta s s ium hydroxide,  and c rys t a l l i zed  f r o m  isopropyt  a l c o h o l - h e p -  
tane (3 : 1). 

3 a - H y d r o x y - l e , 3 e - d i m e t h y l - 6 e - a r y l - 4 : p i p e r i d o n e s  (XII-XIV). A 0 .012-mole  s amp le  of methyl  iodide 
and 2 g of p o t a s s i u m  hydroxide were  added to a solution of 0.01 mole  of p tper idones  IX-XI in 50 ml  of ace -  
tone, and the mix tu re  was refluxed for 30 min. The resu l t ing  p rec ip i t a t e  was removed  by f i l t rat ion,  the 
acetone was removed  by dist i l lat ion,  and the res idue  was c rys ta l l i zed  f r o m  hexane. 

3 e - H y d r o x y - 3 a - m e t h y l - 6 e - p h e n y l t e t r a h y d r o - 4 - t h i o p y r o n e  (XVIID. A 0 .5-g  sample  of sodium ace ta te  
and 0.05 mole  of th ioacet ic  acid were  added to a solution of 0.05 mole  of oxi rane  Ia in 300 ml  of i sopropyl  
alcohol,  and the mix ture  was held at 20-25 ~ for  12 h. The solvent  was then removed  by dist i l lat ion,  and the 
res idue  was c rys ta l l i zed  f r o m  b e n z e n e - h e p t a n e  (1 : 4) to give 9 g of 3 e - a e e t o x y - 3 a - m e t h y l - 6 e - p h e n y l t e t r a -  
hydro-4 - th iopyrone  (XVIt). A solution of 0.01 mole  of aceta te  Xu  and 0.01 mole  of po t a s s ium hydroxide 
in 50 ml  of methanol  was held at 20-25 ~ for 2 h, a f t e r  which the methanol  was r emoved  by dist i l lat ion,  the 
res idue  was t rea ted  with water ,  and the l ibera ted  reac t ion  product  was r emoved  by f i l t rat ion,  a i r -dr ied ,  
and c rys ta l l i zed  f r o m  heptane to give 2 g of thiopyrm~one XVIII. 

3 a - H y d r o x y - 3 e - m e t h y l - l e - b e n z y t - 6 e - p h e n y I - 4 - p i p e r i d o n e  Ethylene Keta t  (XV). A 0 .25-mole  sample  
of ethylene glycol  and 0.07 mole ofp- to luenesul fonic  acid were  added to a solution of 0.05 mole  of piperidone 
IV in 200 ml  of benzene,  a f t e r  which the mix tu re  was refluxed with a D e a n - S t a r k  t rap  for  40 rain. The so l -  
vent  was then r em oved  by dist i l lat ion,  the res idue  was t rea ted  with 50 ml  of 15% aqueous po tass ium hydrox-  
ide, and the l ibera ted  reac t ion  product  was r emoved  by f i l t ra t ion,  washed with water ,  a i r -dr ied ,  and c r y s -  
t a l l i z e d f r o m b e n z e n e - h e p t a n e  (1 : 3). 

Ethylene keta ls  XVI and XIX were  s i m i l a r l y  obtained. 
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