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Abstract: The 1,4-addition of various primary and secondary miner to 5-methoxyfuran- 

2i5H)-one in N,N-dimethylformamide or methylene chloride at room temperature affords 

quantitatively ¶-amino lactonea la-g. The latter compounds are conveniently reduced to 

amino diols in high yields. Under similar conditions 1-("1-methylbenzylamine gave 

optically active amino diols. 

Amino alcohols have found widespread application as intermediates in organic synthesis. The 1.2- 

and 1,3-amino alcohol structural entity is common to several classes of biologically active 

compounds.' Furthermore, the synthesis of various ligands for transition metsl catalysts is based 

upon amino alcohols. 2 

A number of routes to these compounds have been developed starting from, e.g. epoxldes, 

cyanahydrines or amino acids. 3 

In recent years amino acids have also served as chiral building blocks for various optically 

active amino alcohols and derivatives which have found uses as chlral llganda or chiral 

auxiliaries in asymmetric syntheses. 4 



With the aim of developing new and flexible routes to amino alcohols and amino dlols we have 

devised a synthetic strategy using 4-amino-substituted 5-alkoxybutyrolactones 1 as 

multifunctional synthons. Reduction reactions at the 2- and 5-psitions of I would pPOvide amino 

diols 3 The difference in oxidation state at the 2- or the 5-position in 1 allows selective 

modification, uhich would result in functionallzed 1,2- (2 )  or 1,3-amino alcohols (i) 
respectively. 

In this paper ue desoribe an improved procedure to prepare amino lactones 1 and a novel synthesis 

of various amino dials 2. 

ADDITION OF AMINES TO 5-METHOXYFURAN-2(5H)-ONE; SYNTHESIS OF 4-AMINO LACTONES 1 

The starting material 5-methoxyfuran-2(5H)-one (1) is readily prepared on a large (one mole) 

scale by Rose Bengal sensitized photooxidation of furfural (5)  in methanol followed by 
5 eatePifiCation of the singlet oxygen reaction product 5-hydroxyfuran-2(5H)-one ( 6 ) .  The reaction 

of lactone 1 with primary and secondary aminea proceeds at room temperature in methylene chloride 

OP anhydmw dimethylfarmamide to provide 4-amino-substituted 5-methoxybutyrolactones 1. The 

results of the Michael type addition of several aminea to I are summarized in Table 1 .  Exclusive 

1.4-addition takes place without ring-opening of the lactone 1. 6 

The results in methylene chloride as the solvent illustrate that the expected reaction rates are 

not entirely determined by the nucleophllioity of the amines. Presumably steric hindrance is an 

impo~tant factor which explains the finding that dibenzylamine did not provide the corresponding 

adduot 1 (R,, R2 - CH C H ) under the reaction conditions described here. The effect of solvent 
2 6 5  

polarity on the 1 ,+addition reaction is substantial, especially with primary arn~nes.~ It was 

found that more polar solvents (e.8. DMF) increase the reaction rates drastically7 (table 1). 

Although the 1.4-addition of amines to o.6-unsaturated carbonyl compounds is well documented, 

8 simila~ ~eactiona with alkoxybutenalides have hardly been studied. Farina and coworkers recently 
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observed exclusive 1.4-addition of a lilnited number of mines to the lactone (1). However long 

PeaCtion times vere required with only partial conversion of primary mines. The synthetic 

uSefulne99 of the reported mine additions is rather limited due to the sensitive nature of the 

adducts which makes purification difficult. Small amounts of mines were found as a result of an 

elimination reaction (1 to 1) when amino lactones vere  distilled. Our results as summarized in 

Table 1 demonstrate the improvement on !.he m i n e  addition; virtually quantitative conversion$ 

were reached in all cases whereas reactton times vere reduced. For pyrrolidine and benzylmine 

quantitative yields vere obtained in 5 and 30 mi" respectively ( 8  m o l e  scale). These reaction 

times compare favourably with those in previous studies8 which resulted in reaction times of 5 

and 15 days (70% conversion) respectlve1.y for 2 and if. In all cases only the trans 

diaatereoisomera of 1 vere found. The st.ereochemlca1 assignment is based on the coupling constant 

between H,, and H5; J4,5 5 2 Hz for all oompounds9 (for spectral data, see Table 2 ) .  Nucleophillc 

attack 0ecUr.s therefore exclusively fronl the Ride opposite the methorysubstltuent in accordance 

with observations by Farina et al. 8 

Table 1 



The reaction of 7 with I-a-methylbenzylamine affords two diastereoisomers ig. This product 

contains three (consecutive) chlral centers wlth exclusively trans relationship (J H4,5 = HZ) 

between methoxy- and amino-substituents. 

SYNTHESIS OF &MINO DIOLS 2 

The oonverslan of the 4-amino-Y-butyrolactonea 1 into 2-amino-1,4-diols 3 is readily accomplished 

at room temperature. Thus reduction of L with 2.5 equivalents of LiAlH4 in tetrahydrofuran 

provides amino diols 3 in good to excellent yields. The results of the synthesis of amlno diols 

are summarized in Table 1. 

'H Nmr spectra of the products are In acoord wlth those expected for compounds 3 and showed the 

chara~te~istic pattePn for a 2-heterosubstltuted 1.4-butanediol. Multiplets vere observed for the 

CH  POU UPS due to the presence of dlastereotopic methylene protons. Spectral data for all new 2 

amlnodiols a r e  summarized in   able 3. 

2 7 2.5 ppm 

- 
1 L 1 2  ppm 

I l g  I 'HNMR IcH,.H, absorplion%l o f  rmlno diol 2 
derlred from 51-I-I-phmylethylam~n. adduct 19 

It should be mentioned that the reduction step proceeds without notable elimination of the 

mines. Two diastereoisomerlc amino diols were obtained from the conversion of optically active 

amino lactones ig (50:50 mixture). Two well separated multiplets vere observed at 2.55 and 2.74 

PPm assigned to the C Proton for each diastereoisomer of (figure 1 ) .  In addition two partly 2 

separated doublets for the a-CH3 substltuent vere found. No attempt was made sofar to aeparate 

these diastereoisomers into the enantiomerically pure amino diols. Separation followed by 
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reductive PernoVal of t h e  a-methylbenzyl  group would p rov ide  a v e r s a t i l e  r o u t e  t o  both enan t iomers  

of 2-amino-1 .U-butanediol .  

I t  can be concluded t h a t  t h e  procedures d e s c r i b e d  h e r e  g i v e  r e a d i l y  access t o  a v a r i e t y  o f  

s u b s t i t u t e d  amlno d i o l s .  Selective p r o t e c t i o n  of t h e  hydroxyl  group i n  t h e  1 -  or  i l -posi t ion w i l l  

p rov ide  1.3- or 1 , Z - s u b s t i t u t e d  amlno ;alcohols  r e s p e c t i v e l y .  These i n v e s t i g a t i o n s  are c u r r e n t l y  

i n  p r o g r e s s .  

EXPERIMENTAL 

1 
13c- and H-nmr s p e c t r a  uere reoorded  on N l c o l e t  NT-ZOO and Var ian  VXR 300 s p e c t r o m e t e r s  u s i n g  ~e ~i 4 '  

as an l n t e r n a l  s t a n d a r d  and t h e  chemical  s h i f t s  a r e  r e p o r t e d  i n  6 u n i t s  (ppm). Mass a p e c t r a  

vere measured on a MS-9 mass s p e c t r o m e t e r .  I r  s p e c t r a  vere recorded  on a Perkin-Elmer 257 G r a t l n g  

S p e c t ~ o m e t e r .  A 1 1  s o l v e n t s  and r e a g e n t s  were p u r i f i e d  a c c o r d l n g  t o  s t a n d a r d  p rocedures .  5- 

Methoxyfuran-2(5H)-one was prepared  a c c o r d i n g  t o  t h e  l i t e r a t u r e  procedure.  5  

ME ADDITION OF AMINES TO 5-METHOXYFURAN-2(5H)-ONE (1) 

General  p rocedure :  To a s o l u t l o n  of  1 .0  g (8 .7  mmol) of 5-methoxyfuran-2(5H)-one i n  10 rnl of d r y  

methylene c h l o r l d e  o r  N,N-dirnethylformamide was added t h e  m i n e  (8 .7  mmol). The m i x t u r e  was 

1 
~ t i r r e d  a t  mom t e m p e r a t u r e  f o r  t h e  a p p r o p r i a t e  t ime .  The r e a c t l o n  was fo l lowed  by H-NMR u n t i l  

complet ion (Tab le  1 f o r  m i n e s  used and r e a c t l o n  t i m e s ) .  Subsequen t ly  t h e  s o l v e n t  was removed 

under reduced pPeaaure t o  y l e l d  amino l a o t o n e s  1 as o i l s .  P roduc t s  o b t a i n e d  i n  t h i s  way vere pure 

1 a ~ o o r d i n g  t o  H-nm? s p e c t r a .  The p r o d u c t s  vere d i s t i l l e d  i n  s e v e r a l  cases (Tab le  1 )  t o  pure 

~ o l o ~ ~ l e s s  0119,  bu t  t h i s  ~ e s u l t e d  i n  s u b s t a n t i a l  l o s s  of p roduc t .  Furthermore a reverse Michael 

a d d i t l o n  accompanied by distillation. For t h e  r e d u c t ~ o n  r e a c t l o n  d e s c r i b e d  below amino l a c t o n e s  

were used wi thou t  f u r t h e r  p u r l f i c a t l o n .  Y i e l d s  and b p ' s  of t h e  p r o d u c t s  a re  g i v e n  i n  Tab le  1 .  The 

P P O ~ U C ~ S  Were ChaPac te r lzed  by i r ,  'H- and 1 3 ~ - n m r ,  M s  and  e x a c t  mass d e t e r m i n a t i o n .  Data are 

given  i n  Table 2 .  

THE REDUCTION OF A M I N O  LACMNES; A M I N O  DIOLS 3 

To a s t i r r e d  s o l u t i o n  of 0.30 g ( 8 . 0  mmol) of l i t h i u m  aluminium h y d r i d e  i n  50 ml o f  

t e t r a h y d r o f u r a n  a t  O°C under an  i n e r t  a tmosphere of n i t r o g e n  was added a s o l u t i o n  of 4.0 mmol 

amino l a c t o n e  d i s s o l v e d  i n  1 5  m l  of t e t r a h y d r o f u r a n .  The r e s u l t i n g  m i x t u r e  was s t i r r e d  f o r  30 

min a t  0°C and subsequen t ly  f o r  2 h a t  i,oorn t empera tu re .  

The excess l i t h i u m  alumlnlum h y d r i d e  was des t royed  by add ing  c a r e f u l l y  1 m l  of H 0  and 1 m l  of an 
2 

aqueous 10% KOH s o l u t i o n .  The r e s u l t i n g  s a l t s  uere f i l t e r e d  o f f  and e x t r a c t e d  f o r  20 h w i t h  50  m l  

of t e t r a h y d r o f u ~ a n  a t  r e f l u x  t empera tu r ,%.  The comblned o r g a n l c  s o l u t i o n s  were d r i e d  over Na SO 
2 4 '  



the solvent was removed under reduced pressure and the resulting oil was distilled in vacuo to 

afford pure amino diols. Yields and bp's of the products are given in Table 1. The products were 

characterized by ir, 'H- and 13c-nmr, Ms and exact mass determination. Data are given in Table 3. 

Table 2: Spectral data of amino lactones 9 

la 'H-NMR~ 1.6-1.9 (m, 4H): 2.4-2.8 ( m ,  6H); 2.9-3.1 ( m ,  1H); 3.5 ( a ,  3H); 5.25 (d, lH, J - 2 - 

Hz) 

13c-NMRb 174.09, 107.42, 64.83, 56.62, 51.13, 32.92, 22.82 

IR' 2950-2800 (C-H), 1790 (C-0). 1100-1040 (C-0) 

Msd calc. 185.105: exp. 185.107 

lb 'H.NMR 1.5-1.6 (m. 6H); 2.4-2.6 (m. 6H); 3.0-3.3 (m, 1H): 3.5 (s, 3H): 5.3 (d. 1 H .  J - 2 Hz) - 
13c-NMR 176.39, 108.62, 68.14, 58.47. 52.58, 32.78, 27.43, 25.74 

IR 2950-2800 (C-HI, 1795 (C-O), 1200-1000 (C-0) 

MS calc. 199.121; exp. 199.122 

lc 'H-NMR 2.3-2.7 (m,  6H); 3.0-3.3 (m, lH), 3.5 (3, 3H), 3.6-3.8 (m, 4H); 5.25 (d, lH, J - 2 - 

Hz) 

13c-NMR 174.31, 106.95, 66.83, 66.38, 57.20, 50.62, 31.49 

IR 2950-2750 (C-H). 1790 (C-0). 1200-1000 (C-0) 

MS calc. 201.101; exp. 201.103 

ld 'H-NMR 0.9-1.2 (3, 6H); 2.3-2.7 (q ,  4H + m ,  2H); 3.4 (m, 1H); 3.5 ( 5 ,  3H); 5.2 (d, lH, J - 3 - 
Hz 

13c-NMR 174.74, 107.66, 62.10, 56.59, 43.33, 31.14, 12.24 

IR 2950 (C-H), 1795 (C-0). 1150-1100 (C-0) 

MS oalc .  187.121; exp. 187.122 

le 'H-NMR 0.8-1.0 (m, 3H); 1.1-1.5 (rn, 5H); 2.0-3.0 (m, 4H); 3.3-3.4 (m, 1H); 3.5 (s, 3H); 5.1 - 
( 9 .  1H) 

13c-NMR 174.83, 108.21, 59.13, 55.96, 46.52, 34.12, 31.46, 19.63, 13.22 

IR 3360 (N-H); 2950-2800 (C-H), 1790 (C-0). 1150-1100 (C-0) 

MS calc. 187.121: eup. 187.122 
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1f 'H-NMR 1.6 (s, 1H); 2.3-2.4 ( d d ,  iH, J - 3 Hz) ;  2.8-2.9 ( d d ,  lH, J - 7 Hz):  3.4 (m. 1H);  3 . 5  - 
( 5 ,  3H); 3.8 ( s ,  2H); 5.1 i s ,  1H): 7 .3  (rn, 5H) 

13c-NMA 174.99, 138.86, 128.23, 127.79, 127.02, 108.81,  58.82, 56.43, 51.17,  34.44 

I R  3360 tN-H), 3050 (C-H, a r y l ) ,  2950-2800 (C-HI, 1790 (C-0). 1200-1000 (C-01 

Ms c a l c .  221,105; exp .  221.109 

I g  ' H N M R  1.3-1.4 ( d d ,  3H. J =  3 H z ) ;  2 .1  a n d 2 . 3  ( d d ,  lH, J - 8 H z ) ;  2 . 6 a n d 2 . 7  ( d d ,  1H, J -  - 
4 Hz) ;  3 .3 ( s ,  lH, J - 8 Hz) ;  3 .3 and 3.5 ( s ,  3Hl; 3.7-3.9 ( d q ,  IH, J - 3 Hz): 4.9 

and 5 . 2  (3, l H ) .  7.0-1.4 (m. 5H). 

13c-NMR two dlahtereomePs 

174.92, 144.24, 128.39, 127.10, 126.34, 109.08, 108.77, 57.89,  57.18, 56.48, 56.41,  

56.24, 55.97,  35.11,  34.51, 24.04, 23.98 

IR 3350 (N-H), 3050-2950 (C-H), 1795 (C-O), 1200-1 100 (C-0) 

MS c a l c .  235.121; exp.  235.120 

- 1 a c o c l  /TMS 6 ( p p m ~ :  C D C ~  s (ppml; nea t  (cm 1; e x a c t  mass. 
3 3 

Table 3: S p e c t r a l  d a t a  of a m i n o d m l s  =-& 
1 3a H - N M R ~  1 .5-2.0 (m, 6H); 2.5-2.9 Im. 5H); 3.3-3.7 ( m ,  4H); 4.65 ( 8 ,  ZH, OH) - 

b 13c-NMA 62.25,  61 .67,  60.21,  49.67,  30.83, 22.94 

I R ~  3500-3200 (0-H), 2950-2800 (C-HI. 1070-1020 (C-0) 

Msd ca lc .  159.125; exp .  159.127 

3b 'H-NMR 1.1-2.0 (m, 8H); 2.5-3.0 ( m ,  5Hl; 3.3-3.8 ( m ,  4HI; 4.4 ( s .  2H, OH) - 
65.97, 62.21, 60.46, 49.54, 28.02, 26.33, 24.30 

IR 3500-3200 (0-H), 2950-2750 (C-H). 1200-1050 (C-01 

MS c a l c .  173.142: exp.  173.142 

3c 'H-NMR 1.4-2.0 (m,  2H); 2.5-2.9 (m, 5H); 3.4-3.9 (m, 8Hl ;  4.2 ( s ,  2H, OH) - 
13c HYR 67.13, 64.68. 61 .42,  60.51,  48.69, 28.16 

I R  3600-3200 (0-H). 2900-2800 (8:-H), (1200-1050) (C-01 

MS calc.  175.121; exp.  175.121 



1 36 H-NMR 1.0-1.2 ( t ,  6H); 1 .5-1.8 ( q ,  2H); 2.4-2.1 ( q ,  4H); 2.8-3.1 ( q ,  1H); ( 3 . 6 )  (s ,  ZH, - 
OH); 3.5-3.8 (m. 4H) 

13c-N!4R 61 .85,  60.58, 60.41, 43.00, 28.73, 13.95 

IR 3600-3200 (OH, b r o a d ) ,  2950-2850 (C-HI, 1200-1000 (C-0, b road)  

MS c a l c .  161.142; exp .  161.141 

1 3e H-NMR 0.8-1.1 (m, 3H); 1.2-1.9 (m, 6H); 2.5-2.8 (m. 3H); 3.4-3.9 (m, 4H); 4.1 ( a ,  2H, OH) - 
13c-N~R 62.30, 60.11,  58.63, 46.11,  32.34, 31 .95,  20.00,  13.53 

IR 3500-3100 (OH). 3000-2800 (C-H), 1100-1050 (C-0) 

Mse c a l c .  130.123; exp. 130.121 (M+-CH~-OH)  

1 
3f H-NMR 1.5-1.8 ( q ,  ZH, J - 5 Ha) ;  2.6-3.0 ( q ,  lH, J - 5 Hz); 3.4-3.7 ( m ,  UH); 3.8 ( a ,  2H); - 

3.9 (3. 2H. b road) ;  7 .3  (m. 5H) 

13c-N~R 139.31, 128.20, 127.88, 126.88, 62.36, 60.81, 51.94, 50.51, 32.50 

I R 3500-3200 (OH), 3050-3000 (C-H a r y l ) ,  2950-2850 (C-H), 1100-1000 (C-0) 

MS calc. 195.126; exp. 195.124 

1 
38 H-NMR 1 .3  ( d d ,  o v e r l a p .  3H, J = 5 H z ) ,  1.6-1.1 (m, 2H), 2 . 5  and 2.7 ( q .  lH, J - 5 Hz) ,  3.3- - 

3.4 (m, UH), 3.4 (s, broad OH), 3.9 ( 4 ,  lH, J - 5 Hz) ,  7 .2 ( m ,  5H) 

1 3 ~ - ~ ~ ~  two d i a s t e r e o m e r s  

145.30, 145.01, 128.44, 127.02, 126.30. 63.68, 62.11,  61.45, 60.82,  55.81,  55 .11 ,  

55.15. 54.86. 34.05,  32.51,  24.72. 23.82 

IR 3500-3400 (OH), 3050-2900 (C-H), 1100-1000 (C-0) 

M S ~  c a l c .  178.123; exp. 178.121 (M+-CH~-OH)  

a C D C 1 3 ,  TMS 6 (ppm); CDCl 6 (ppm); neat (am-'); exact mass; t h e  e x a c t  mass of t h e  
3 

+ 
paren t  peak cou ld  no t  be determined due t o  r a p i d  loss  o f  a CH2-OH fragment  ( M +  - 31).  
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