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The oxidation of t rans-2 ,6-die thoxy-A3-dihydropyran with perbenzoic  acid gave a mixture  of 
s t e r e o i s o m e r i c  epoxides,  f rom which one individual i somer  was isolated.  The configuration 
and conformation of the epoxide obtained was establ ished by PMR spec t roscopy.  2,6-Diethoxy- 
3-hydroxy-4-d ia lkylaminote t rahydropyrans  were  obtained by the react ion of 2 ,6-diethoxy-3,4-  
epoxyte t rahydropyran with dimethylamine and piperidine;  the s t ruc tura l  direct ion of the open- 
ing of the epoxide ring was studied by mass  spec t romet ry .  

As we have previously  shown [1], 2,6-dialkoxy-A3-dihydropyrans obtained as a r e su l t  of chemical  or 
e lec t rochemica l  bromoalkoxylat ion of 2-alkoxy-AS-dihydropyrans and subsequent alkaline dehydrobromina-  
tion a re  the individual t rans  i s o m e r s .  The s te reospec i f ic i ty  of the epoxidation of A3-dihydropyrans depends 
to a considerable  degree  on the p resence ,  cha rac t e r ,  and re la t ive  orieatat ion of substituents in the 2 and 6 
positions of the te t rahydropyran  ring [2-4]. The behavior  of 2,6-dialkoxy der ivat ives  of pyran in this r e a c -  
tion has not been previously  invest igated.  In t h e  present  r e s e a r c h  we have studied the s te reospec i f ic i ty  
of the oxidation of t rans-2 ,6-die thoxy-A3-dihydropyran (I) and opening of the resul t ing epoxide ring by 
secondary  amines .  The resul t ing s t e r eo i somer i c  functionally substi tuted 2 ,6-dia lkoxytet rahydropyrans  
can se rve  as in termedia tes  for  convers ion to the corresponding functionally substi tuted compounds of the 
aliphatic se r ies  (dialdehydes [5,6], alkoxy alcohols [7], e tc . ) .  

A mixture  consist ing [according to gas-l iquid chromatography (GLC)] of th ree  products  in a ra t io  of 
20 : 54 : 26 is obtained in the epoxidation of I with perbenzoic  acid. After  f reezing out and subsequent r e -  
c rys ta l l iza t ion  f rom hexane, this mixture  yielded the individual 2 ,6-d ie thoxy-3 ,4-epoxyte t rahydropyran  (II), 
which gives one peak on the ch romatogram [this cor responds  to the second peak of the mixture  (54%)]. An 
absorption band at 1265 cm -1, which is charac te r i s t i c  for the epoxy group, is present  in the IR spec t rum of 
II. The configuration and conformation of epoxide II were  establ ished by means of the PMR spec t rum 
(Table 1). 
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TABLE I. PMR Spectrum of Epoxide II 

Protons 

2-H 
6-H 
3-H 
4-H 
5-H 

signal 

Singlct 
Uart~t 

ublet 
Mulflplet 
Multiplet 

Chemical shift 
6,  ppm 

4,9 
4,4,6 
2 ,t7] 
2,9 
1,6 

Sum of spin-spin coupling con- 
i stants (ZI) of the vicinal pro- 
tons, Hz 

0 
13,3 
3,6 

T A B L E  2, M a s s  S p e c t r a  m / e  Values  ( re la t ive  in tens i t ies  in p e r -  
cen t  o f  t h e  maximum)  
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12o 0,9) 
+1 12 (t6) 

l,e9 (,1'2,) 
+ 11 ,IcPO, (12,) 

3--3 

u - - Z  
[I 

U- -O  

87 (Te,) 
+ 1 8e~ (6e) 

1,27 (a9') 

4--4 

s 
u 

U - - Z  

71 (96) 
+ 1 72 (7~) 

lit (~1) 
+1 112 (75) 

The s ignal  of the a n o m e r i c  6-H pro ton  at 6 4.46 ppm is a quar te t  with a half-width of 13.3 Hz, which 
r e f l ec t s  the sum of the cons tan t s  of its s p i n - s p i n  coupl ing with the v ic ina l  p ro tons  of the 5-CH 2 me thy lene  
g roup  of the t e t r a h y d r o p y r a n  r ing  of epoxide II .  It follows f r o m  the magni tude  of EJs,  5 that  the 6-H pro ton  
is ax ia l ly  o r i en ted  and i n t e r a c t s  ax i a l l y - ax i a l l y  and a x i a l l y - e q u a t o r i a l l y  with the v ic ina l  p ro tons  in the 5 
posi t ion ,  s ince  only this s o r t  of combina t ion  of spl i t t ings  can lead to the b road  6-H s ignal  with a half-width 
of 13.3 Hz [8]. The s igna l  of the a n o m e r i c  2 -H pro ton  at 4.9 ppm is a n a r r o w  s ingle t .  The magni tude  of the 
shif t  of this  s igna l  a t t e s t s  to the quas i equa to r i a l  o r ien ta t ion  of the 2-H proton  (the equa to r i a l  p ro tons  a re  
l e s s  sh ie lded  and have  l a r g e r  c h e m i c a l  shif ts  than the axial  p ro tons ) .  The absence  of s p i n - s p i n  spl i t t ing 
of  the 2-H s igna l  ind ica tes  its t r ans  o r ien ta t ion  with r e s p e c t  to 3-H [2-4].  Thus conf igura t ion  II  should  be 
a s s i g n e d  to the i s o m e r i c  epoxide f o r m e d  f r o m  I in l a r g e r  amounts ,  and, of the two c o n f o r m e r s  poss ib le  for  
it ,  c o n f o r m a t i o n  H1 should  be s e l ec t ed .  

Af te r  i so la t ion  of the individual  2 , 6 - d i e t h o x y - 3 , 4 - e p o x y t e t r a h y d r o p y r a n  i s o m e r  (ID, we obtained an un-  
c r y s t a l l i z a b l e  m i x t u r e  cons i s t i ng  of t h r ee  componen t s  in a r a t io  of 21 : 20 : 59 (the second  componen t  c o r -  
r e sponds  to the c h a r a c t e r i z e d  oxide),  which  cannot  be s e p a r a t e d  by d is t i l l a t ion .  A c c o r d i n g  to e l e m e n t a r y  
ana ly s i s ,  this  m i x t u r e  c o r r e s p o n d s  to an epoxide .  However ,  i ts  IR s p e c t r u m  conta ins ,  in addit ion to an a b -  
so rp t i on  band at 1265 c m  -1 (v of an epoxy group) ,  an in tense  band at 1735 c m  -1, which  c h a r a c t e r i z e s  the 
c a r b o n y l  g roup .  The PMR s p e c t r u m  of this  m i x t u r e  is b a s i c a l l y  ident ica l  to the s p e c t r u m  of the individual  
oxide,  but  a new doublet  a ppe a r s  at 5.00 ppm.  Since the s ignal  of the 6-H proton  does not  change  and only 
the c h a r a c t e r  of the s ignal  of the 2-H pro ton  (doublet) changes ,  we conc luded  that  an i s o m e r i c  oxide c o r r e -  
sponding to s t r u c t u r e  III  with cis  or ien ta t ion  of the 2 -e thoxy  and 3 ,4 -epoxy  g r o u p s  is p r e s e n t  in this m i x t u r e .  

The oxidat ion of t r a n s - 2 , 6 - d i e t h o x y - A 3 - d i h y d r o p y r a n  with pe rbenzo ie  ac id  is consequen t ly  devoid  of 
s t e r e o s p e c i f i c i t y  and gives  two i s o m e r i c  ox ides .  The th i rd  peak  of the m i x t u r e  is appa ren t ly  r e l a t ed  to the 
ketone f o r m e d  as a r e s u l t  of i s o m e r i z a t i o n ,  a l though it r e m a i n s  u n c l e a r  why the c a r b o n y l  compound  is 
f o r m e d  in such  s igni f icant  amounts  (20%) in this  c a s e .  

We inves t iga ted  the r e a c t i o n  of the individual  epoxide (II) obtained with s e c o n d a r y  a m i n e s .  Individual  
2 , 6 - d i e t h o x y - 3 - h y d r o x y - 4 - d i a l k y l a m i n o t e t r a h y d r o p y r a n s  (IVa,b) w e r e  i so la t ed  when the epoxide was  hea ted  
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with a threefold excess  of aqueous dimethylamine and piperidine. Considering that opening of the epoxides 
by amines proceeds  t rans  axially via an SN2 mechanism (the F i i r s t - P l a t m e r  rule) [9], it can be assumed 
that nucleophilic attack by amine of epoxide II, which is in the H1 conformation, should be directed p r e -  
dominantly to the 4 position of the te t rahydropyran ring. In fact, the mass  spec t ra  of the amino alcohols 
(IV) obtained {Table 27 confi rm the orientation of the amino groups in the 4 position of the te t rahydropyran 
r ing.  These mass  spect ra  demonstra te  the presence  of f ragments  that could have formed on disintegration 
of the molecule in the 1-1, 2-2, 3-3, and 4-4 direct ions charac te r i s t i c  for this c lass  of compounds [10]. It 
should be noted that a constant difference in masse s  ~ m / e  407, which cor responds  to the difference in the 
molecular  weights of the dimethylamino and piperidino groups,  is observed for the fragments  that contain 
the amino group.  Thus opening of epoxide II by secondary  amines proceeds s tereospecif ica l ly .  Amino 
alcohols IV are probably initially formed in the C1 conformation and then, as a resul t  of conversion,  a s -  
sumethe  energet ical ly  more favorable 1C conformation.  The favorabili ty of the lat ter  is determined by 
three  fac to rs :  a) the three groups are equatorial ly oriented; b) the anomeric  effect is retained;  c) the 1C 
conformation is stabilized by an in t ramolecular  OH . . . N hydrogen bond, the presence  of which is demon- 
s t ra ted  by the IR spec t ra  of 0.005 M solutions of IVa,b (9 3480 cm- l ) .  The in t ramolecutar  OH . . . N bond 
in conformation C1 is impossible in view of the t rans  diaxial orientation of the OH and NR 2 groups.  

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

Analysis by the GLC method was per formed with an LKhM-7a chromatograph with a 2-m by 6-ram 
column packed with polyethylene glycol on Cellite with helium as the c a r r i e r  gas,  a flow rate of 60 m l / m i n ,  
and a column tempera ture  of 160 ~ The IR spec t ra  were recorded  with a UR-10 spec t romete r .  The PMR 
spect ra  were measured  with a Varian spec t romete r  with an operating frequency of 60 MHz. The mass  
spec t ra  were recorded  with an SN-6 spec t romete r  at 150 ~ 

2 ,6-Diethoxy-3,4-epoxytet rahydropyran {II). A 12.6-g (73.5 m~nole) sample of 2,6-diethoxy-A3-di - 
hydropyran (I7 was added to a solution of 25.3 g (184 mmole) of f reshly prepared perbenzoic acid in ch lo ro-  
form, and the mixture was s t i r red  and allowed to stand at room tempera ture  in the dark.  After  3 days, 
70% of the perbenzoic acid had reacted .  To decompose the residual  perbenzoic acid, the solution was r e -  
fluxed for 6 h, af ter  which the mixture was shaken twice with potassium carbonate,  vacuum-evaporated to 
70 ml, washed with dilute potassium hydroxide solution and water ,  dried with potassium carbonate,  and 
distilled to give 8.1 g (58%) of a product with bp 75-80 ~ (1 ram), which gave three peaks on the gas-liquid 
ch romatogram in a ra t io  of 20 : 54 : 26 [the retention t imes (T) were,  respect ively ,  3 rain 20 sec,  4 rain 35 
sec,  and 5 rain 40 sec].  Freezing out yielded the crysta l l ine  epoxide with mp 52-52.5 ~ (after two r e c r y s t a l -  
lizations f rom n-hexane).  Epoxide II gave one peak ff 4 rain 30 sect on the ch romatogram.  IR spec t rum:  

,( A) 
1265 era-  v--c--C-- . Found: C 57.0, 57.1; H 8.4, 8.5~c. C9H1604. Calculated: C 57.3; H 8.5%. The un-  
crys ta l l izable  epoxid'at-ion product was,  according to GLC, a mixture of three components in a rat io of 2'1 : 

/ / o \  ~ 
20 : 59 (r 3 rain 10 see, 4 rain 35 see,  and 5 rain 40 sec). IR spect rum:  1265 era -~ l - c - - c - -  l, and 1735 cm -~ 

(C = O ) .  Found: C 57.6, 57.6; H 8.8, 8.7%. C9H1404. Calculated: C 57.3; I-I 8.5%. 

2 ,6-Die thoxy-3-hydroxy-4-dimethylaminote t rahydropyran  (IVa). A mixture of 0.5 g (2.7 mmole) of 
epoxytetrahydropyran II and 1.2 g (8 mmole) of 33% aqueous dimethylamine solution was heated at 100 ~ in 
a sealed ampule for 40 h. It was then poured into 3 ml of cold (-10 ~ concentrated hydrochlor ic  acid and 
washed with ch loroform.  The aqueous solution was cooled and neutral ized with solid potassium hydroxide 
and extracted with ch loroform.  The extract  was dried with potassium carbonate,  and the chloroform was 
removed by vacuum distillation to give 0.5 g (79%7 of amino alcohol IVa with mp 37-37.5 ~ (after two r e -  
crysta l l izat ions  f rom n-hexane).  IR spect rum (0.005 M solution in CC14): 3610, 3480 cm -1. Found: C 
56.4, 56.2; H 10.1, 10.6; N 6.2%. CliH23NO 4. Calculated: C 56.6; H 9.9; N 6.0%. The methiodide had mp 
154-155 ~ Found: I 34.5%. CI2H26INO 4. Calculated: I 33.6%. 

2 ,6-Diethoxy-3-hydroxy-4-piper id inote t rahydropyran (IVb) with mp 58-59 ~ was s imi lar ly  obtained in 
75% yield f rom epoxide II and piperidine. IR spect rum (0.005 M solution in CC14): 3610 sad 3475 cm -1. 
Found: C 61.3, 61.5; H 9.5, 9.7; N 5.1, 5.0%. CI4H26NO 4. Calculated: C 61.8; H 9.6; N 5.4%. 
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