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A n u m b e r  of  m o n o - ,  d i - ,  t r i - ,  and t e t r a s u b s t i t u t e d  t e t r a h y d r o - l , 3 - o x a z i n e s  w e r e  s y n t h e s i z e d  
b y  the r e a c t i o n  of  3 - a m i n o -  and 3 - m e t h y l a m t n o - l - p r o p a n o l s  wi th  a l d e h y d e s .  

In r e c e n t  y e a r s  t e t r a h y d r o - l , 3 - o x a z i n e s  and t h e i r  func t iona l  d e r i v a t i v e s  have been  a t t r a c t i n g  the a t -  
t en t ion  of  i n v e s t i g a t o r s  in connec t ion  with  the d i v e r s e  p h y s i o l o g i c a l  a c t i v i t y  of  compounds  of  this  c l a s s  [1]~ 
Some t e t r a h y d r o - l , 3 - o x a z i n e  d e r i v a t i v e s  a r e  e f f ec t i ve  v u l c a n i z a t i o n  a c c e I e r a t o r s  [2]. 

The e s t a b l i s h m e n t  of  the c o n f i g u r a t i o n s  and c o n f o r m a t i o n s  of  subs t i tu t ed  t e t r a h y d r o - l , 3 - o x a z i n e s ,  
which  is  one of  the ch i e f  s t a g e s  in the e l u c i d a t i o n  of  the i n t e r r e l a t i o n s h i p  be tw e e n  t h e i r  s t r u c t u r e  and a c -  
t i v i t y ,  is  e x t r e m e l y  i m p o r t a n t  for  the r e a l i z a t i o n  of the d i r e c t e d  s e a r c h  fo r  new p h y s i o l o g i c a l l y  ac t ive  s u b -  
s t a n c e s  and e f f e c t i v e  v u l c a n i z a t i o n  a c c e l e r a t o r s ~  F o r  this  p u r p o s e ,  we u n d e r t o o k  the s y n t h e s i s  and i n v e s -  
t i ga t ion  of the t h r e e - d i m e n s i o n a l  s t r u c t u r e  of  s u b s t i t u t e d  t e t r a h y d r o - l , 3 - o x a z i n e s  by  PMR s p e c t r o s c o p y .  
The p r e s e n c e  of  two h e t e r o a t o m s  in the l a n d  3 p o s i t i o n s  of  the r i n g  of the i n v e s t i g a t e d  compounds  m a k e s  
i t  p o s s i b l e  to u se  the PMI% s p e c t r a  e x t r e m e l y  e f f e c t i v e l y  not  only  to e s t a b l i s h  t h e i r  c o n f i g u r a t i o n s  [3] and 
c o n f o r m a t i o n s  [4] bu t  a l so  to d e t e r m i n e  the o r i e n t a t i o n  of the u n s h a r e d  p a i r s  of  e l e c t r o n s  of  the h e r e t o -  
a t o m s  [5, 6]+ 

The m o s t  g e n e r a l  method  for  the p r e p a r a t i o n  of  subs t i t u t ed  t e t r a h y d r o - l , 3 - o x a z i n e s  is  c o n d e n s a t i o n  
o f  3 - a m i n o -  and 3 - a l k y l a m i n o - l - p r o p a n o l s  wi th  a l d e h y d e s  [7-11] ,  bu t  the a b s e n c e  of  s i m p l e  and c o n v e n i e n t  
me thods  fo r  the p r e p a r a t i o n  of  the s t a r t i n g  7 - a m i n o  a l coho l s  has  up to now s u b s t a n t i a l l y  r e s t r i c t e d  the u se  
o f  the i n d i c a t e d  me thod .  

In the p r e s e n t  p a p e r  we d e s c r i b e  the p r e p a r a t i o n  of a n u m b e r  of p r e v i o u s l y  unknown m o n o - ,  d i - ,  and 
p o l y s u b s t i t u t e d  t e t r a h y d r o - l , 3 - o x a z i n e s  (II) by  c y c l i z a t i o n  of  subs t i t u t ed  3 - a m i n o -  o r  3 - m e t h y l a m i n o - 1 -  
p r o p a n o l s  (I) wi th  f o r m a l d e h y d e  and b e n z a l d e h y d e .  
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A m i n o p r o p a n o l s  I r e c e n t l y  b e c a m e  r e a d i l y  a c c e s s i b l e  owing to ou r  d e v e l o p m e n t  of  s i m p l e  and c o n -  
v e n i e n t  me thods  fo r  the s y n t h e s i s  of  ~ -  and f l - s u b s t i t u t e d  a lky l  and phenyl  f l - a m i n o a l k y l  ke tones  [12, 13] 
and t h e i r  N - a l k y l  d e r i v a t i v e s  [14] f r o m  a f t - u n s a t u r a t e d  k e t c h e s .  The r e a c t i o n  of these  amino  ke t e n es  wi th  
l i t h i u m  a l u m i n u m  h y d r i d e  l e a d s  to subs t i t u t ed  amino  a l coho l s  I (R t = H, CH3; R 2, R 3, and R ~ = H, CH3; R ~ = 
H,  CH3, C~Hs, C6H5; l=t c = H) wi th  a s e c o n d a r y  h y d r o x y l  g r o u p ,  whi le  r e a c t i o n  wi th  G r i g n a r d  r e a g e n t s  l e a d s  
to the ana logs  of I (t%l= CH3; R 2 = R 3 = H; R ~, R ~ = CH3; R 6 = C2H 5) wi th  a t e r t i a r y  hyd roxy l  group [15]. 
Amino  a l c o h o l s  I (R 1, R 4 = CH3; R 2 = R 3 = H; R 5 = R ~ = CH3, C2H5, C6H 5) with a t e r t i a r y  h y d r o x y l  group 
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and identical substituents attached to the carbonyl car-  
bon atom were in turn synthesized from Grignard re -  
agents and methyl f l-methylacetamidoisobutyrate (III) 
which was obtained by acetylation of methyl f l -methyl-  
aminoisobutyrate [16]; their analogs with a primary 
hydroxyl group I(RI, R ~ = CH~; R 2 = R 3 = R 5 = R 6 = H) 
were synthesized by reduction of amino ester  III with 
lithium aluminum hydride.* 

Cyclization of  amino alcohols I with formalde-  
hyde and benzaldehyde, which leads to substituted 
te trahydro- l ,3 -oxaz ines  II in yields of 60-90%, pro-  
ceeds with different degrees  of ease  depending on the 
structure of the starting substances.  When R 5 = R 6 = 
H, CH3, C2H5, the condensation of amino alcohols I 
with formaldehyde proceeds readily and rapidly at 
room temperature without a solvent,  while when R ~ = 
R e = C6H5, the reaction is carried out in alcoholic 
media in the presence of  potass ium carbonate [17]. 
The condensation of amino alcohols I with benzalde-  
hyde proceeds with considerably greater difficulty and 
requires refluxing of a mixture of the starting sub- 
stances in toluene and continuous removal  of the water 
liberated in the reaction [18]. According to the results  
of gas-liquid chromatography (GLC), in a number of 
cases  the compounds obtained contained a smal lamount  
of the corresponding b i s ( l e t rahydro- l , 3 -oxaz in -2 -y l ) -  
methane, and the material was purified by adsorption 
chromatography with columns containing aluminum 
oxide. The properties  and yields of the synthesized 
bases  of the substituted 3 -methy l te trahydro- l ,3 -oxa-  
zines (H) or their hydrochlorides are presented in 
Table 1. 

In conformity with [19], the cycl ization of amino 
alcohols I, which contain chiral centers in the 1 and 2 
posit ions,  proceeds  without a change in the s ter ic  ar-  
rangement of the substituents in the 1 position; this is 
confirmed by cleavage of oxazines  II with lithium alumi-  
num hydride [19], which leads to starting compounds 
I.  

We established the configurations and preferred 
conformations of the synthesized te trahydro- l ,3 -oxa-  
zines by means of the PMR spectra.  As an example,  
we present  the analysis  of the PMR spectra of 3 ,4-  
d ime thyl - 6-phe nyl - and 3,4 ,6-tr ime thylte trahyd ro - 1,-  
3--oxazines (IIh and IIb). From the PMR spectrum of 
oxazine IIh (Fig. 1), one can unambiguously conclude 
that the 4-CH 3 and 6-CH 3 groups are equatorially or -  
iented from the magnitude of  the spin-spin coupling 
constants of the vicinal protons (J4asa = 11.0 Hz and 
J s a 6 a  = 10.7 Hz) [20]. The spatial orientation of the 
methyl group attached to the nitrogen atom of IIh was 
determined from the magnitude of  J2a2e" It is known 

*We will  describe the syntheses  of the substituted 3-  
amino-  and 3-methylamino- l -propanols  (I) in a sepa-  
rate communication.  
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Fig+ 1. PMR s p e c t r u m  of 3 , 4 , 6 - t r i m e t h y l t e t r a h y d r o - l , 3 - o x a z i n e .  
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PMR s p e c t r u m  of 3 , 4 - d i m e t h y l - 6 - p h e n y l t e t r a -  
h y d r o - l , 3 - o x a z t n e .  

[21] that J2a2e for t e t r a h y d r o - l , 3 - o x a z i n e s  in the "cha i r "  conformat ion  depends on the spa t i a l  o r i en ta t ion  
of the methyl  group at tached to the n i t rogen a tom and the p o rb i t a l  of the unshared  p a i r  of e l ec t rons  of the 
l a t t e r ,  which p roves  to be - 7.7 Hz for the equa to r i a l  and - 10.5 Hz for  the ax ia l  [21] o r ien ta t ion  of the 
methyl  group at tached to n i t rogen.  In IIh, the J2a2e value o f -  10.7 Hz a t tes t s  to an axia l  o r ien ta t ion  of 
the methyl  group at tached to the n i t rogen  a tom and to an equa to r i a l  o r ien ta t ion  of i ts unshared  pa i r  of e l e c -  
t rons .  Thus,  accord ing  to the PMR s p e c t r u m ,  IIh has the p r e f e r r e d  "cha i r"  conformat ion  with 3a4e6e 
o r i en ta t ion  of the suhs t i tuents  in the r ing .  

S i m i l a r l y ,  i t  follows f rom the PMR s p e c t r u m  of IIb (Fig .  2), that J6asa and J ~ s a  have values of 10.0 
and 11.0 Hz,  r e spec t ive ly ;  this a t t e s t s  to an equa to r ia l  o r i en ta t ion  of the methyl  groups in the 4 and 6 p o s i -  
t ions of the t e t rahydrooxaz ine  r ing .  In [21], f rom the J2a2e value o f -  9.3 Hz, i t  was concluded that the 
methyl  group at tached to the ni t rogen a tom is ax ia l ly  or ien ted;  this is a lso  conf i rmed by a s tudy of the e f -  
fect  of an a r o m a t i c  so lvent  on the r e l a t ive  chemica l  shifts  of the pro tons .  It follows f rom these da ta  that 
IIb has the p r e f e r r e d  "cha i r"  conformat ion  with a 3a4e6e o r i en ta t ion  of the methyl  subs t i tuents  in the 4 
and 6 pos i t ions .  We used a s i m i l a r  route  to e s t a b l i s h  the t h r e e - d i m e n s i o n a l  s t r u c t u r e s  of al l  of the r e -  
maining o• (II). 

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

Analy t ica l  GLC was c a r r i e d  out with an LKhM-7A chromatograph :  the d e t e c t e r  was a ka t ha rome te r ,  
the column (3 m by 6 mm) was fi l led with 10~ polyethylene glycol  on Chromosorb  P (60-80 mesh) ,  the c a r -  
r i e r  gas was he l ium,  the gas flow ra te  was 70 m l / m i n ,  and the column t e m p e r a t u r e  was 110 ~ for I Ia - f ,  
I I j - m ,  and IIo and 170 ~ for  I Ig - i  and IIn~ The re tent ion  t imes  are  p resen ted  in Table 1. T h i n - l a y e r  c h r o -  
matography  was c a r r i e d  out on p la tes  with a loose l a y e r  of act ivi ty-r[  a luminum oxide in e t h e r  and e t h e r -  
hexane (1 : 1) with deve lopment  of the c h r o m a t o g r a m s  with iodine va po r s .  The PMR s p e c t r a  of 10-20% 
solut ions of the compounds in CC14 were  measu red  with an NA-100D s p e c t r o m e t e r  with t e t r ame thy l s i l ane  
as  the in te rna l  s t anda rd .  
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3,5-Dimethyl -6 ,6-d ie thyl te t rahydro- l ,3 -oxaz ine  (IIm). A total of 6 ml (0.08 mole) of 40% aque- 
ous formaldehyde was added by drops in the course  of 10 min at 15-20 ~ to 5.68 g (0.03 mole) of 5- 
methylamino-4-methyl -3-e thyl -3-pentanol .  The mixture was then cooled to room temperature ,  sa tu-  
r a t edwi thpo tass iumcarbona te ,  and extracted with 200 ml of e ther .  The ether  ext rac ts  were dried with 
magnesium sulfate, and the e ther  was removed to give 6~ g of liquid oxazine IIm with Rf  0.6, which con- 
tained a small  amount of an impurity with R] 0 ~ ~ The purification of 3 g of oxazine IIm was car r ied  out 
with a chromatographic  column 500 mmlong  and 18 mm in diameter) containing 200 g of activity II a lumi-  
num oxide {chromatography grade) with e ther  as the eluent. The f i r s t  500 ml of eluate yielded 2.5 g of 
oxazine IIm with Rf  0.6, which was converted to the hydrochloride with mp 194-195 ~ (from acetone). 

i4z 
Te t rahydro- l ,3 -oxaz ines  IIa-f ,  IIj,  I I I  s and IIo were s imi lar ly  obtained. 

3 ,5-Dimethyl -6 ,6-d iphenyl te t rahydro- l ,3-oxazines  (IIn). A total of 33 ml (0.45 mole) of a 40~ aque- 
ous solution of formaldehyde was added in the course of 15 min to a solution of 10o34 g (0 ~ mole) of  3-  
me thy lamino-2 -me thy l - l , l - d ipheny l - l -p ropano l  in 70 ml of alcohol containing 5 g of potassium carbonate,  
af ter  which the mixture was s t i r red  at room temperature  for 1 h and extracted with e ther  (three 150-ml 
portions).  The e ther  ext rac ts  were combined, washed with 150 ml of water ,  and dried with magnesium sul-  
fate. Removal  of the e ther  gave 9.31 g of crystal l ine oxazine IIn. 

Te t rahydro- l ,3 -oxaz ines  IIg-i  were s imi lar ly  obtained. 

3 ,5-Dimethyl -2-phenyl te t rahydro- l ,3 -oxaz ine  (IIk). A 10.7-g sample (0~ mole) of  benzaldehyde was 
added to a solution of 10o0 g (0.097 mole) of 3 -me thy lamiao-2 -me thy l - l -p ropano l  in 200 ml of anhydrous 
toluene, and the mixture was then refluxed for 2 h with a reflux condenser  fitted with a D e a n - S t a r k  trap 
until !.8 ml of water  had separated ~ Vacuum distil lation gave 10.8 g of oxazine IIk with bp 110-112 ~ (23 mm). 
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