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Abstract- 2-Subst i tuted N-benzyl-t-methyltetrahydro-1.3-oxazinium iod ides react  w i t h  

sodium borohydride i n  anhydrous THF leading t o  a mixture o f  3-alkoxypropylamines and 

t h e i r  borane complexes. On the contrary,  when anhydrous methanol or ethanol i s  used as 

solvent,  the  corresponding t ransace ta l i r a t i on  product i s  obtained as s ing le  compound. 

The reduct ive  cleavage of carbon-oxygenbod i n  w-acetalsl o r  hydroxymethylaminesZ w i t h  

complex metal hydrides has been widely used i n  the synthesis o f  aminoalcohols and amines. By 

contrast ,  the r e a c t i v i t y  o f  the  corresponding quaternary s a l t s  has been less studied and the re  i s  

on ly  one reference t o  the  reduct ive  r i n g  opening o f  6-phenyl-7-oxa-5-azoniadi spiro[4.2.5.1]- 

tetradecane perch lora te  t o  i-(1-benzyloxycyclohexylmethyl~pyrrolidine by l i t h i u m  aluminium 

hydr ide.  3 

I n  a previous work4 we have studied the behaviour o f  tetrahydro-l,3-oxazines and t h e i r  

methiodides towards l i t h i u m  aluminium hydride; the reduct ive  r i n g  opening i s  always 

reg iose lec t ive ,  af fording 3-tert-aminopropanol - der iva t i ves  by cleavage o f  the C-0 bond i n  the 

parent compounds or 3 - E - a m i n o p r o p y l e t h e r s  by cleavage o f  the  C-N bond i n  t h e i r  s a l t s .  This 
5 behaviour could be re fer red t o  t h a t  showed by ammonium s a l t s  towards complex metal hydr ides.  In 

t h i s  respect, t e r t i a r y  amines have been synthesized from quaternary amnonium sa l t s  by 

nuc leoph i l i c  displacement of an a l k y l  group by a hydr ide i on  from l i t h i u m  aluminium h ~ d r i d e ' ' ~  or 

l i t h i u m  t r ie thy lborohydr ide , '  wh i le  pyridine-borane or tr imethylamine-borane complexes are 

obtained by react ion  o f  anhydrous py r i d i ne  hydrochlor ide w i th  sodium borohydride9 or 

trimethylammonium hydroc lor ide  w i th  l i t h i u m  borohydr idel0 respect ive ly .  Otherwise, steroidal  

iminium s a l t s  are a lso  reduced by sodium borohydride i n  pyr id ine  or l i t h i u m  borohydride i n  THF 

af fording a mix ture  of t e r t i a r y  amines and t h e i r  amine-borane adducts.ll As a p a r t  o f  our 

i n t e r e s t  i n  the  r i n g  opening of tetrahydro-1,3-oxar ines and t h e i r  sa l t s  by nucleophi les we 

repor t  now our r e s u l t s  on the react ion  w i th  sodium borohydride. 

The 2-subst i tu ted tetrahydro-1.3-oxazinum methiodides (la-fl, obtained by react ion  o f  

N-benzyl tetrahydro- 1,3-oxazines w i th  excess of methyl i ~ d i d e , ~ , ' ~ , ' ~  react  w i t h  sodium - 
borohydride i n  anhydrous THF leading t o  a mixture o f  3 - s - a m i n o p r o p y l  ethers (2a-f)  and the 

corresponding amino-borane complexes (3a-f). 



L f  - 2 a-f - 3 a-f 

Table 1. Reaction of 2 -subst i tu ted N-benzyl-lj-methyltetrahydro-1,3-oxazinium iod ides 

w i t h  NaBHq i n  THF 

Reaction cond i t ions  Products 

Entry Substrate R t ime(h) T("C)  Yield(%) 

The r e s u l t s  summarized on Table 1 show t h a t  the  t ransformat ion of 2 -a lky l  subst i tu ted s a l t s  

( l a - d l  - i n t o  the amino ethers and t h e i r  borane complexes ( e l  i s  very low a t  room 

temperature, and the best r e s u l t s  are obtained a t  r e f l u x  o f  the solvent (compare en t r i es  1 and 3 

versus 2,4-6). On the contrary,  2 -ary l  subst i tu ted substrates (le,f) lead t o  a complex mix ture  of 

compounds a f t e r  2 hours a t  r e f l u x  of THF, and amino ether ( 3 1  and i t s  borane complex (z) are 

obtained as minor products (en t r y  81, whereas the highest y i e l d  i s  obtained a t  room temperature 

( e n t r i e s  7.91. F i n a l l y ,  i n  a react ion  o f  & wi th  NaBH4 a t  r e f l u x  o f  THF and molar r a t i o  

2a:hydride 1 : 2  the r a t i o  o f  amino ether and i t s  borane complex remains p r a c t i c a l l y  unchanged(2, - 
29 % , and s, 38 8 1, but when anhydrous ether i s  used as solvent,  the s a l t s  are 

recovered unchanged a f t e r  72 hours a t  r e f l u x ,  probably as a consequence of t h e i r  low s o l u b i l i t y .  

The r e a c t i v i t y  changes dramat ica l ly  when an alcohol i s  used as solvent; thus, compounds (la.c-f) 
lead t o  amino acetals (-1 i n  anhydrous methanol and 1 mol equivalent of sodium borohydride, 

whereas 2 y i e l d s  the acetal i n  anhydrous ethanol and sodium borohydride. 
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Table 2. Reaction of 2 -subst i tu ted I(-benzyl-c-methyltetrahydro-1.3-oxazinium 

i od ides w i t h  NaBH4 i n  anhydrous methanol o r  ethanol 

Reaction cond i t ions  

Ent ry  Substrate t ime(h)  T("C) solvent Products 

Y ie ld [%)  

1  1  a  72 20 MeOH 4a i7)  

2  l a  15 65 MeOH 4a(74) 

3  l c  72 20 MeOH 4c(6)  

4 l c  15 65 MeOH 4c(b8) 

5  I d  72 20 MeOH 4d( l41  

6  I d  15 65 MeOH 4di32) 

7 l e  53 20 MeOH 4e(631 

8  1  e  10 76 EtOH 5e185) 

9  If 72 20 MeOH 4 f  (78) 

10 If 8 65 MeOH 4f(95) 

I n  t h l s  case, substrates (le,f) ( R =  a r y l )  are also more react ive  than 2 -a l ky l  subst i tu ted ones; 

thus, acetals (4e,f) are obtained i n  good y i e l d s  a t  room temperature, whereas compounds (la,c,d) 
are transformed i n t o  the corresponding 4a,c,d i n  very poor y i e l d s  i n  t h e  same experimental 

cond i t ions  (compare en t r i es  7and 9  versus 1.3 and 5  i n  Table 2 ) .  Otherwise, the oxazinium sa l t s  

are recovered unchanged a f t e r  heat ing a t  r e f l ux  o f  anhydrous methanol or ethanol f o r  15 hours. 

The behaviour o f  tetrahydro-1.3-oxazinium methiodides towards NaBH4 i n  anhydrous THF can be 

e a s i l y  explained as a nuc leoph i l i c  displacement o f  the  charged n i t rogen i n  the heterocycle by a  

hydr ide  ion,  and subsequent formation of an equivalent of borane, t h a t  p a r t i a l l y  appears as a  

very s tab le  adduct o f  the  t e r t i a r y  m i n e  present i n  the reduct ion product. On the other hand, 

amino ethers l2o-f) are not decomposition products of t h e i r  borane adducts (3a-f) because both 

compounds are present i n  the react ion  mix ture  before the l i ydro lys is  as can be showed by t l c .  

The formation o f  acetals when methanol o r  ethanol i s  used as solvents i s  unclear, but i t  could be 

r a t i o n a l i z e d  on the basis of the fo l lowing experimental facts:  i l The s t a r t i n g  compounds are 

recovered unchanged a f te r  15 hours a t  r e f l u x  o f  these alcohols; i i )  The reac t i on  of the 

methiodides Lla.c-f) w i t h  NaBH4 i s  slower than the formation of sodium tetramethoxy- or 

tetraethoxyborohydr ide from NaBH4 and methanol or ethanol.14 i i i )  Sodium tetraalkoxyborohydr ider 

decompose t o  t r i a l k y l b o r a t e s  and sodium alkoxides.15 Taking i n t o  account a l l  these fac ts ,  the 

format ion of compounds (4a,c-f) and i@) would be a t t r i b u t e d  t o  a  nuc leoph i l i c  cleavage o f  the 

heterocycle by the  methoxide or ethoxide i on  present i n  the react ion  mix ture .  An a l t e r n a t i v e  way 

invo lves  the t ransace ta l i za t i on  o f  the heterocycle by the nuc leoph i l i c  solvent catalysed by a  

t r i a l k y l b o r a t e  ac t ing  as Lewis acid.  Attempting t o  prove these hypothesis we have assayed the 

react ions  of & wi th  t r i e t h y l  borate i n  ethenol and 12 and & wi th  sodium methoxide i n  methanol. 

The s t a r t i n g  compound (12) was recovered unchanged a f t e r  re f l ux ing  i n  ethanol fo r  20 hours i n  the 

presence of one equivalent of t r i e t h y l  borate, whereas 12 and &were  transformed i n t o  Qc and Qe 
i n  82 and 80 %, respect ive ly ,  when a  so lu t i on  o f  the  corresponding methiodides i n  methanol was 

s t i r r e d  a t  room temperature fo r  10 hours w i t h  one equivalent o f  sodium methoxide. There f ac t s  

a l low t o  propose tha t  the t ransformat ion o f  la-f i n t o  4o-f must be dep ic ted as a  nuc leoph i l i c  

r i n g  opening of the heterocycle by an alkoxide i on  formed from sodium te t ra lkoxybora te  as 



summarized i n  t h e  f a l l o w i n g  Scheme. 

EXPERIMENTAL 

Nmr  s p e c t r a  were r e g i s t e r e d  on a Bruker  AC80 a t  80 MHz, and chemical s h i f t s  a r e  g i v e n  i n  ppm 

downf ie ld  from TMS used as i n t e r n a l  s tandard.  I r  were recorded  on a P h i l i p s  PU9706 I R  

spectrophotometer  as l i q u i d  f i l m ,  and mass s p e c t r a  on a Hewle t t -Packard  5988A mass spectrometer ,  

by e l e c t r o n i c  impact  a t  70 eV. N-Benzyl-N-methyltetrahydro-1,3-oxaziniu i o d i d e s  were prepared by 

r e a c t i o n  of t h e  co r respond ing  2 - s u b s t i t u t e d  te t rahydro -1 .3 -oxaz ines  w i t h  excess o f  methy l  i o d i d e  
4 as p r e v i o u s l y  d e s c r i b e d .  Anhydrous THF was used a f t e r  d i s t i l l a t i o n  f r o m  CaH2, and anhydrous MeOH 

and EtOH were p repared  by a l i t e r a t u r e  method. 16 

Reac t ion  of 2 - S u b s t i t u t e d  N-Benzyl-N-nethyltetrahydro-1.3-oxariniun I o d i d e s  w i t h  NaBH, i n  THF. 

General Procedure. A m i x t u r e  o f  480 m g ( l 0  mmoll o f  Na8H4 and 10 mmol of t h e  co r respond ing  

meth iod ides  (la-fl i n  125 ml of anhydrous THF was s t i r r e d  a t  room temperature o r  r e f l u x  under 

n i t r o g e n  u n t i l  t o t a l  desappearance of t h e  s a l t  ( t l c l .  The s o l u t i o n  was c o o l e d  t o  room tempera tu re  

and quenched w i t h  10 ml of a s a t u r a t e d  s o l u t i o n  of NHqCl i n  H20. A f t e r  f i l t r a t i o n  o f  t h e  s o l i d ,  

t h e  volume of t h e  m i x t u r e  was reduced t o  ca. 50 ml by e l i m i n a t i o n  o f  THF (Ro tavapor )  and t h e  

r e s i d u e  was e x t r a c t e d  w i t h  C K 1 3  (3x50 m i ) .  The o r g a n i c  l a y e r  was s e q u e n t i a l l y  washed w i t h  2M 

s o l u t i o n  of Na2S203, water  and b r i n e ,  and d r i e d  over  anhydrous MgS04. The s o l v e n t s  were 

e l i m i n a t e d ,  and t h e  r e s i d u e  was chromatographed on s i l i c a  g e l  u s i n g  CHZC12 as e l u e n t .  

The p h y s i c a l  and spec t roscop ic  c h a r a c t e r i s t i c s  o f  compounds (2a-f) have been p r e v i o u s l y  

d e ~ c r i b e d , ~  and f o r  t h e i r  borane-complexes (3a-f) are  as f o l l o w s :  

N-Benzyl-N-methyl-3-propoxypropylemlne-Borane Complex (3a ) .  C o l o r l e s s  o i l .  l r :  2340; 2260 cm-l.  

Nmr(CDCl31: 0 . 9 0 ( t ,  J=6 Hz, 3H); 1.60Lm. 2H); 2.18(m, 2HI; 2 .44(s,  3H); 2.73(m, ZH); 3.39(m, 4Hl ;  

3 .85(d,  5-13 Hz, 1H); 4.03(d, J=13 Hz, 1H); 7.35(s, 5H l .  Ms. m l z ( % l :  2 3 4 ( ~ + - 1 ,  5 ) ;  134(151, 

91(1001. C14H26NOB r e q u i r e s :  C, 71 .SO; H, 11 . l a ;  N,.5.95. Found: C, 71.68; H, 11.01; N, 5.80. 
1  N-Benzyl-N-methyl-3-butoxypropylanine-Borane Complex ( 3 b ) .  C o l o r l e s s  o i  1. I r :  2340; 2260 cm- . 

Nmr(CDCl31: 0 . 9 0 ( t ,  J=6 Hz, 3-1; 1.42(m, 4Hl; 2.14(m, ZHI; 2 .44(s,  3Hl; 2.70(m, 2Hl; 3.34 ( t ,  J=5 

Hz, 2-1; 3 .371t ,  J=5 Hz, ZHI; 3.89(d, J=14 Hz, 1H); 4.01 (d ,  J=14 Hz, 1H); 7.35(s, 5Hl. Ms. 

m / r ( % l :  2 4 8 ( ~ + - 1 ,  21; 134(71; 91(1001. Cl5HZ8NOB r e q u i r e s :  C, 72.29; H, 11.32; N ,  5.62. Found: C ,  

72.44; H, 11.19; H,  5.48. 
1  N-Benzyl-N-methyl-3-isobutoxypropylamine-Borane Complex ( 3 ~ ) .  C o l o r l e s s  o i l .  Ir :  2340; 2260 cm- . 

Nmr(CDC13):0.88(d. J=7 Hz, 1H); 1.72(m, 1Hl; 2.12(m, 2H); 2 .42(s,  3Hl; 2.68Lm. 2H); 3.12 (d,  J=6 

Hz, 2H); 3 .40( t ,  J=5 Hz, ZH); 3.88(d, J=13 Hz, 1H); 4.00Ld. J.13 Hz, IH I ;  7 .35 (s ,  5Hl. Ms. 

m l z ( % ) :  2 4 8 ( ~ ~ - 1 ,  11; 134(61; 91 (100) .  C15H28NOB r e q u i r e s :  C, 72.29; H, 11.32; N, 5.62. Found: C, 

72.14; H, 11.18; N, 5.76. 

N-Benzyl-N-methyl-3-isovaleryloxypropylmine-Borane C m p l e x  (3d ) .  C o l o r l e s s  o i l .  I ? :  2340; 2250 

cm-l.  Nmr(CUCl31: 0.89(d, J=5 Hz, 6-1; 1.49(m, 3-1; 2.14(m, ZH); 2 .42(s,  3Hl; 2.65(m, 2HI; 3.42 

lm, 4Hl ;  3.89 (d ,  J-13 Hz, 1H); 4.02(d, 5-13 Hz, 1H); 7 .35(s,  5-1. Ms, m / z ( % ) :  2 6 3 ( ~ + ,  11; 
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2 6 2 ( ~ + - 1 ,  61; 134114); 91(1001. C16H30N08 r e q u i r e s :  C ,  73.00; H, 11.48; N, 5.32. Found: C, 73.17; 

H, 11.34; N, 5.20. 

N-Benzyl-N-methyl-3-benz~loxypropylainine-ore Complex (3e) .  C o l o r l e s s  o i l .  I r :  2345; 2260 cm-'. 

Nmr(CDCl31: Z.lO(m, 2H); 2.38(s, 3Hl; 2.64(m, PHI; 3 . 4 4 ( t ,  J=5 Hz, 2Hl; 3.82(d, ,I-13 Hz, 1Hl; 

3.961d. J=13 Hz, 1Hl; 4 .41(s,  2H1;7.261s, 5Hl; 7.33(s, 5Hl. Ms, m / z ( % l :  2 8 2 ( ~ + - 1 ,  11; 134(101; 
91(1001. C18HZ6NOB r e q u i r e s :  C, 76.33; H, 9.25; N, 4.94. Found: C, 76.19; H, 9.39; N, 4.81. 

N-Benzyl-N-methyl-3-(p-methoxy)benzyloxypropylmine-Borane Complex ( 3 f ) .  C o l o r l e s s  o i l .  I r :  2340; 

2260 cm- l .  Nmr(CDCl31: 2.12(m, 2HI; 2.40(s, 3Hl; 2.68(m, ZHI; 3.43( t ,  J=5 Hz, ?HI ;  3.73(s, 3Hl; 

3 .88(d,  J=13 Hz, 1Hl; 3.961d, J=13 Hz, 1Hl; 4.40(s, 2Hl; 6 .84(d,  J=9 Hz, 2Hl; 7.20(d, J=9 H z ,  

2Hl; 7.40(s, 5H). Ms, m l z ( % l :  3 1 2 ( ~ + - 1 ,  11; 134(6 ) ;  91(1001. C19HZ8N028 r e q u i r e s :  C, 72.85; H, 

9.01; N, 4.47. Found: C, 72.71; H, 9.15; N, 4.61. 

Reac t ion  of 2 - S u b s t i t u t e d  N-Benzyl-N-methyltetrahydro-1.3-oxarinium I o d i d e s  w i t h  NaBH, i n  

a lcoho ls .  General procedure.  To 480 mg (10  rnmoll of NaBHq i n  10 ml o f  anhydrous methanol o r  

e thano l ,  was added under n i t r o g e n ,  a s o l u t i o n  of 10 mnol of t h e  corresponding s a l t  (1a.c-f) i n  40 - 
ml of t h e  same s o l v e n t  and t h e  m i x t u r e  was s t i r r e d  a t  room temperature o r  r e f l u x  f o r  t h e  t ime 

i n d i c a t e d  i n  Table 2. A f t e r  t h i s  t ime, t h e  r e a c t ~ o n  m i x t u r e  was quenched w i t h  10 ml o f  a 

s a t u r a t e d  s o l u t i o n  of NH4Cl i n  H20 and e x t r a c t e d  w i t h  e t h e r  (4x50 m l l .  The e t h e r e a l  l a y e r  was 

s e q u e n t i a l l y  washed w i t h  a 2M s o l u t i o n  of Na2S203, water  and b r i n e ,  and d r i e d  over  anhydrous 
MgS04. The s o l v e n t  was e l i m i n a t e d  and t h e  r e s i d u e  was p u r i f i e d  by vacuum d i s t i l l a t i o n .  I n  t h i s  

way, t h e  f o l l o w i n g  compounds were obta ined:  

N-Benzyl-N-methyl-3-opropoxypr. C o l o r l e s s  o i l ,  bp 84-86"ClO.l t o r r .  Ir: 

1450; 1365; 1130; 745; 710 cm-I .  Nmr(CDCl31: 0 . 9 0 ( t ,  J=7 Hz, 3Hl; 1.72(m, 4Hl; Z.ZOIs, 3H); 

2.47(m, 2HI; 3.35 (s ,  3H); 3.50(s,  2Hl; 3.55(m, ZHI; 4 . 3 0 ( t ,  J=6 Hz, 1Hl; 7.30 ( s ,  5Hl .  Ms, 

m / r ( % l :  2 5 1 1 ~ + ,  11; 134(301; 9111001. Cl5HZ5NO2 r e q u i r e s :  C, 71.67; H, 10.02; N, 5.57. Found: C, 

71.76; H, 10.13; N, 5.68. 

N-Benzyl-N-methyl-3-(l-methoxy)isobutoxypropylmine ( 4 ~ ) .  C o l o r l e s s  o i l ,  bp 92-95"C/0.1 t o r r .  Ir: 

1455; 1390; 1120; 750; 715 cm- l .  Nmr(CDCl31: 0.95ld,  J=7 Hz, 6Hl; 1.75(m, 3H); 2.10(s, 3HI; 

2.36(m, 2Hl; 3.25 (s ,  3Hl; 3 .50(s,  2Hl; 3.55(m, 2Hl; 4.15(d, J=6 Hz, 1Hl; 7.30 (m, 5Hl .  Ms, 

m / z ( % l :  2 6 5 ( ~ + ,  11; 178(101; 134130); 911100). C16H27N02 r e q u i r e s :  C ,  72.41; H, 10.25; N, 5.27. 

Found: C, 72.29; H, 10.36; N, 5.18. 

N-Ben~1-N-mthyl-3-(l-methoxy)isovaleryloxypopylainine (M). C o l o r l e s s  o i l ,  bp 99- lOl"Cl0.1 

t o r r .  Ir: 1455; 1370; 1125; 745; 710 cm- l .  Nmr(CDC131: 0.95(d, J=6 Hz, 6Hl; 1.60(m, 3Hl; 1.80lm, 

2Hl; 2.17(s, 3Hl; 2.45(m, 2Hl; 3.26(s, 3Hl; 3.501s. ZHI; 3.55(m, 2Hl; 4 . 3 0 ( t ,  J=6Hz, 1Hl; 7.301m, 

5Hl .  Ms, m / z ( % l :  2 7 9 ( ~ + ,  11; 178(161; 134(321; 91(1001. Cl7HZ9NO2 r e q u i r e s :  C, 73.07; H, 10.46; 

N, 5.01. Found: C, 72.96; H, 10.57; N, 5.14. 

N-Benzyl-N-methyl-3-(l-methoxy)benzyloxypropylainine (4e) .  C o l o r l e s s  o i l ,  bp 156-157VC/.5 ttor, 

Ir: 1490; 1360; 1250; 1100; 1050; 740; 700 cm- l .  Nmr(CDC131: 1.80(m, 2Hl; 2.1515, 3Hl; 2.451m. 

2Hl; 3.20 (s ,  3Hl; 3 .45(s,  2Hl; 3.55(m, 2Hl; 5 .40(s,  1Hl; 7.20(m, 10 H I .  Ms, m / z ( % ) :  299 (M', 11; 

178(111; 134(401; 9111001. C19H25N02 r e q u i r e s :  C, 76.22; H, 8.41; N, 4.67. Found: C, 76.29; H, 

8.51; N, 4.76. 

N-Benzyl-N-methyl-3-(l-methoxy)p-methoxybenzyloxypropylmine ( 4 f ) .  C o l o r l e s s  o i l ,  bp 123- 

125"CIO.l t o r r .  Ir: 1510; 1455; 1360; 1180; 830; 800; 750; 710 cm- l .  Nmr(CDC1,l: 1.75lm. ZHI; 
J 

Z.lO(s, 3Hl; 2.45(m, 2Hl; 3.15 ( s ,  3Hl; 3 .40(s,  2HI; 3.45(m, ZHI; 3.70(s, 3H); 5 .40(s ,  1Hl; 6.75 

(d,  J=8 Hz, 2Hl; 7.15(s, 5Hl; 7.20(d, J=8 Hz, 2Hl. Ms. m l z ( % l :  3 1 4 ( ~ + - 1 5 ,  21; 178(101; 1341291; 

91(1001. C20H27N03 r e q u i r e s :  C ,  72.92; H, 8.26; N, 4.25. Found: C, 72.85; H, 8.38; N, 4.16. 

N-Benzyl-N-methyl-3-~l-ethoxy)benzyloxypropylainine (5e). C o l o r l e s s  o i l ,  bp 112-114°C/0.1 t o r r .  

Ir: 1500; 1450; 1360; 1250; 1105; 735; 705 cm-l. Nmr(CDCl31: 1 .15( t ,  J=7 Hz, 3Hl; 1.80(m, 2HI; 



2.10(s, 3H); 2.45(m, 2H); 3.45(s, 2H); 3.55(m, 4H); 5.45(s, 1H); 7.20(m, 10 H ) .  Ms. m/z (%) :  

3 1 3 ( ~ + ,  1 ) ;  178(10) ;  134(36) ;  91(100) .  C20H27NOZ ~ e q u i r e s :  C, 76.64; H, 8.68; N, 4.46. Found: C, 

76.52; H, 8.81; N, 4.35. 
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