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ORGANIC PREPARATIONS AND PROCEDURES INT. 17(2), 91-97 (1985) 

AN IMPROVED PREPARATION OF (2) 3-HYDROXY-2-PYRROLIDINONE 

0. P. Goel*, U. Kro l l s  and E. P. L e w i s  

Department of Chemistry 
Warner-Lambert Company, Parke-Davis Research Division 

2800 Plymouth Road, Ann Arbor, Michigan 48105 

Cer t a in  compounds der ived from 3-hydroxy-2-pyrrolidinone (V) a r e  of 

c u r r e n t  pharmacological i n t e r e s t  as cogn i t ion  a c t i v a t o r s .  

developed an e f f i c i e n t  l a r g e  scale syn thes i s  of (2) 3-hydroxy-2-pyrrolidi- 

none which is descr ibed in t h i s  coumunication. 

We have 

4-Amino-2-hydroxybutyric a c i d  (111) is  t h e  pref e r r e d  in t e rmed ia t e  f o r  

t h e  s y n t h e s i s  of V. 

r i z e s  t h e  methods of p repa ra t ion  f o r  111. The e s t e r i f i c a t i o n  of 111 

followed by c y c l i z a t i o n  is reported3 t o  g ive  3-hydroxy-2-pyrrolidinone i n  

35% yield.  

a d d i t i o n  r e a c t i o n s  which however g i v e  mixtures no t  of s u b s t a n t i a l  

p r e p a r a t i v e  value.  

t i o n  of 4-amino-2-hydroxybutyric ac id ,  i t s  e f f i c i e n t  conversion t o  t h e  

t i t l e  compound and i s o l a t i o n  of t h e  l a t te r  in 100-200 g q u a n t i t i e s .  

A r ecen t  review2d on t h e  a n t i b i o t i c  amikasin summa- 

There are a l s o  r e p ~ r t s ~ ~ s b  of preparing V by 1,3-dipolar 

Herein, we r e p o r t  an improved method f o r  t h e  prepara- 

2-Bromo-y-butyrolactone is a convenient s t a r t i n g  ma te r i a l  as i t  is 

commercially a v a i l a b l e  o r  can be prepared in high yieldSa,b from y- 

butyrolactone. 

85% y i e l d  by t h e  l i t e r a t u r e  method.6 

It was hydrolyzed t o  t h e  2-hydroxy-y-butyrolactone in 

The 2-hydroxy-y-butyrolactone r i n g  was opened by r e a c t i o n  with pot- 

assium phthalimide in b o i l i n g  IIMF t o  y i e l d  2-hydroxy-4-phthalimidobutyric 

a c i d  K sa l t  in 67% yield.  It was necessary t o  convert  t h i s  s a l t  i n t o  the  

"1986 by Organic Preparations and Procedures Inc. 
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GOEL, KROLLS AND LEWIS 

qBr 1. K ~ C O ~ / H ~ O ~  qr 
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I 
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I 
-CH2CH2CH-COOH 

C2H50H, A 
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I1 I11 

E t  OH, HC 1 OH I NH3/EtOH-CH2C12 
_____f HC1 * H2NCH CH CH-COOC2H5 ,-> 2 2  

I 
H 

I V  V 

carboxyl ic  a c i d  (11) p r i o r  t o  removal of t h e  phthaloyl  group.7 When t h e  

more po la r  N-methylformamide w a s  used a s  so lven t  i n  p l ace  of DMF only N- 

methylphthalimide was obtained. 

The cleavage of t h e  phthaloyl  group from I1 wi th  hydrazine hydrate  i n  

r e f l u x i n g  e thano l  gave a mixture of 111 and phthalhydrazide which could 

n o t  be sepa ra t ed  by t h e  published method.3 

method of Boissonnas8 by which phthaloyl-L-leucine was converted t o  

We experimented with t h e  

L-leucine i n  high y i e l d  by r e f lux ing  an e t h a n o l i c  s o l u t i o n  with phenyl- 

hydrazine and tri-n-butylamine. 

i n  51% y i e l d  which was 91% pure by HPLC. 

Application of t h i s  method on I1 gave 111 

However, when we s u b s t i t u t e d  a 

combination of methylhydrazine and t r i e thy lamine ,  t h e  des i r ed  product I11 

was i s o l a t e d  pure i n  92% y i e l d  on a l a r g e  scale. The e t h y l  ester I V  w a s  

obtained by r e f lux ing  an e t h a n o l i c  s o l u t i o n  of 111 containing a l a r g e  
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AN IMPROVED PREPARATION OF (+ )  - 3-HYDROXY-2-PYRROLIDINONE 

excess  of d r y  HC1 gas .  Only a trace of I11 remained a f t e r  18 h r s  of 

r e f l u x  ( t l c ) .  

The f r e e  2-hydroxy-4-aminobutyric a c i d  e t h y l  ester gene ra t ed  from t h e  

hydroch lo r ide  s a l t  (IV) could n o t  be  cyc l i zed  t o  t h e  lactam V by hea t ing  

i t  n e a t  o r  i n  diglyme (steam ba th ) .  However, when d i s s o l v e d  i n  a mixture  

of e t h a n o l  and methylene c h l o r i d e  s a t u r a t e d  wi th  d r y  ammonia g a s ,  i t  

s lowly  cyc l i zed  t o  V a t  room temperature.  The lac tam V is, presumably, 

formed by t h e  c y c l i z a t i o n  of t h e  i n t e r m e d i a t e  amide. The format ion  of an 

i n t e r m e d i a t e  and i t s  g r a d u a l  d i sappearance  i n t o  V can  be monitored by t l c .  

The pu re  product  was i s o l a t e d  in 56% y i e l d  by e x t r a c t i o n  of t h e  evapora ted  

r e s i d u e  w i t h  methylene c h l o r i d e  and c r y s t a l l i z a t i o n .  

EXPERIMENTAL SECTION 

A l l  compounds r e p o r t e d  had s a t i s f a c t o r y  microanalyses .  The mel t ing  p o i n t s  
were taken  i n  c a p i l l a r y  t u b e s  us ing  a Thomas-Hoover appa ra tus  and are 
uncorrec ted .  
ment. The I R  s p e c t r a  were ob ta ined  on t h e  Nico le t  MX-1 ins t rument .  The 
HPLC d a t a  were ob ta ined  on t h e  Waters o r  t h e  Varian 5500 ins t rumen t s  u s ing  
a n  A l l t e c h  c18 10 pm column. 
wa te r  (tetrabutylammonium hydrogen s u l f a t e ) .  , A  440 UV d e t e c t o r  w i th  
extended wavelength module was used. TLC de te rmina t ions  were c a r r i e d  o u t  
on s i l i ca  g e l  p l a t e s  (EM) and developed w i t h  CH3CN:THF 43:37 and 20 p a r t s  
water con ta in ing  1% NH4HC03; d e t e c t o r  UV o r  n inhydr in .  

The NMR s p e c t r a  were recorded  on a XL-200 o r  XL-300 i n s t r u -  

The e l u t i n g  s o l v e n t  was 0.002 M Pica i n  

2-Hydroxy-y-butyrolactone (I).- To a s o l u t i o n  of 1.27 kg (9.2 moles) 

o f  potassium ca rbona te  i n  6.7 f. of de ion ized  wa te r  s t i r r e d  and hea ted  t o  

r e f l u x ,  w a s  s lowly  added 1.0 kg (6.1 moles) of 2-bromo-y-butyrolactone 

(97%) whi l e  ma in ta in ing  r e f l u x .  Concentrated HC1 (1.02 2 )  w a s  added 

s lowly  and t h e  s o l u t i o n  was concen t r a t ed  under reduced p res su re .  The 

moi s t  r e s i d u e  was e x t r a c t e d  wi th  2-3 g of b o i l i n g  anhydrous e t h a n o l  3A 

( c o n t a i n s  approx. 4.8% v / v  CH30H). The i n s o l u b l e  potassium c h l o r i d e  was 

f u r t h e r  e x t r a c t e d  wi th  t h r e e  1 g p o r t i o n s  of b o i l i n g  3A e thano l .  The 

e x t r a c t s  were combined arid t h e  s o l v e n t  removed. The r e s i d u e  was d i s t i l l e d  

under reduced p r e s s u r e  t o  g i v e  536 g (87%) of a c o l o r l e s s  l i q u i d ,  bp. 
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GOEL, KROLLS AND LEWIS 

111-123"/1 mm p r e s s u r e ,  ( l i t . 6  123-129"/14 mm). GC i n d i c a t e d  98.3% 

p u r i t y  (OV-17 column, 100-300" @ 10°/min).  I R  ( n e a t )  1778 cm-l, 

3300 cm-l; NMR (CDC13) 6 2.29 (m, lH),  2.61 (m, IH), 3.82 ( S ,  l H ,  

d i sappea red  i n  t h e  presence  of D20), 4.24 (m, lH),  4.48 (m, 2H) 

Anal. Calcd f o r  C4H603: C ,  47.06; H ,  5.92 

Found: C ,  47.75; H ,  5.91 

2-Hydroxy-4-phthalimidobutyric a c i d  (11). - To a r e f l u x i n g  s o l u t i o n  o f  

850 g (4.59 moles) of potassium phtha l imide  in 2.1 8 of dimethylforma- 

mide was s lowly  added 520 g (5.1 moles) of 2-hydroxy-y-butyrolactone. 

The mixture  was r e f l u x e d  f o r  10 h r s  and t h e n  cooled t o  room temperature.  

The product  was c o l l e c t e d ,  washed w i t h  t h r e e  1 R p o r t i o n s  of t e t r ahydro -  

f u r a n ,  and d i s s o l v e d  i n  4 R of water. Charcoal was added and t h e  

s o l u t i o n  w a s  f i l t e r e d  and a c i d i f i e d  t o  pH 1.6 w i t h  conc. HC1. The s l u r r y  

was cooled  t o  5" and t h e  p r e c i p i t a t e d  product  c o l l e c t e d ,  washed w i t h  water 

and d r i e d  i n  a vacuum oven a t  45" t o  g i v e  760 g (66%) of a w h i t e  s o l i d ,  

mp. 113.5-116", which r e s o l i d i f i e d  and remel ted  a t  144.5-146", l i t . 2 a  

147-148", I R  (KBr): 

6 1.86 (m, 2H), 3.66 ( t ,  2 H ,  J = 7.4 Hz), a.98 ( m ,  lH),  7.82 (m, 4H); 

Rf 0.33 

1710 c m - l ,  1766 cm-l, 3360 cm-1; NMR (d6 DMSO): 

Anal. Calcd f o r  C12HllN05: C ,  57.83; H, 4.45; N, 5.62 

Found: C ,  57.60; H ,  4.43; N ,  5.68 

4-Amino-2-hydroxybutyric a c i d  (111). - A s t i r r e d  s l u r r y  of 2-hydroxy-4- 

ph tha l imidobu ty r i c  a c i d  (625.8 g ,  2.5 moles) and d r y  t r i e t h y l a m i n e  

(358  m l ,  2.57 moles) i n  3.8 R of a b s o l u t e  e t h a n o l  was heated. A 

s o l u t i o n  was ob ta ined  a t  30°C. Methylhydrazine (272.6 m l ,  5.02 moles) was 

t h e n  c a r e f u l l y  added. 

d i s s o l v e d  a s  r e f l u x  tempera ture  was reached  and t h e n  a new s o l i d  s t a r t e d  

The t h i c k  p r e c i p i t a t e  i n i t i a l l y  formed g r a d u a l l y  
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AN IMPROVED PREPARATION OF (2) 3-HYDROXY-2cPYRROLIDINONE 

t o  p r e c i p i t a t e .  The mix tu re  was r e f l u x e d  f o r  3 h r s  and t h e n  evapora ted  t o  

d ryness .  

e t h a n o l  removed under  reduced p r e s s u r e  (-1 R of d i s t i l l a t e ) .  The 

s o l u t i o n  was s t i r r e d  and a c i d i f i e d  t o  pH 4.9 w i t h  a c e t i c  a c i d .  

i n s o l u b l e  s o l i d  w a s  removed by f i l t r a t i o n  and washed w i t h  t h r e e  500 m l  

p o r t i o n s  of water. The combined f i l t r a t e s  were concen t r a t ed  i n  vacuo a t  

50' t o  - 1 R volume. The r e s i d u e  w a s  t r i t u r a t e d  w i t h  1 9. o f  b o i l i n g  

95% e t h a n o l ,  cooled  t o  5' and t h e  p roduc t  c o l l e c t e d  by f i l t r a t i o n .  It was 

washed w i t h  t h r e e  100 m l  p o r t i o n s  of  c o l d  e t h a n o l  and 300 m l  o f  e t h e r  t o  

y i e l d  276 g (92%) of  t h e  d r i e d  p roduc t ,  mp. 192.5-193.5" ( d e c ) .  No 

i m p u r i t i e s  were d e t e c t e d  by HPLC. I R  (KBr): 1571 cm-l, 1653 cm-l, 

3435 cm-l; NMR (D20) 6 2.0 (m, 2H), 3.1 ( t ,  2H, J = 7.5 Hz), 4.1 (m, 

1H); Rf 0.61, Rf o f  byproduct  0.26 

Anal. Calcd f o r  CqHgN03: C ,  40.33; H,  7.62; N ,  11.76 

Found: C ,  40.35; H,  7.71; N ,  11.71 

The r e s i d u e  was d i s s o l v e d  i n  4 R of  wa te r  and t h e  remaining 

The 

3-Hydroxy-2-pyrrolidinone (V) . - 4-Amino-l-hydroxybutyric a c i d  (275  g ,  

2.3 moles) w a s  g r a d u a l l y  added t o  a co ld ,  s t i r r e d  s o l u t i o n  of anhydrous HC1 

g a s  (405 g )  i n  1.5 R of a b s o l u t e  e thano l .  

t o  r e f l u x  and main ta ined  a t  r e f l u x  f o r  18 h r s  a f t e r  which t ime t lc9 

The mix tu re  was s lowly  hea ted  

i n d i c a t e d  n e a r  complete conve r s ion  t o  t h e  e t h y l  ester. The s o l v e n t  and 

HC1 were c a r e f u l l y  removed under  reduced p res su re .  The r e s i d u e  was 

d i s s o l v e d  i n  two 300 m l  p o r t i o n s  of e t h a n o l  and s t r i p p e d  e a c h  t i m e .  

c o l o r l e s s  sy rup  (456  g )  was d i s s o l v e d  i n  500 m l  o f  a b s o l u t e  e t h a n o l  and 

2 9. of methylene c h l o r i d e .  

c lear  s o l u t i o n .  

f i l t r a t i o n .  

t o  s t a n d  a t  room t empera tu re  f o r  64 hrs.1° 

The 

Anhydrous ammonia g a s  was bubbled i n t o  t h e  

The p r e c i p i t a t e d  ammonium c h l o r i d e  was removed by 

The f i l t r a t e  w a s  a g a i n  s a t u r a t e d  w i t h  ammonia g a s  and allowed 

The s o l v e n t  was removed under 

reduced  p r e s s u r e  and t h e  v i s c o u s  r e s i d u e  w a s  e x t r a c t e d  po r t ionwise  w i t h  a 
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GOEL, KROLLS AND LEWIS 

t o t a l  of 8 k of b o i l i n g  methylene ch lo r ide .  The extract was f i l t e r e d  t o  

remove i n s o l u b l e s  and t h e  f i l t r a t e  w a s  reduced i n  volume t o  1 k and t h e  

r e s u l t i n g  s l u r r y  cooled t o  0 " .  

c o l d  e t h e r  and d r i e d  i n  vacuo t o  y i e l d  128.3 g (56%) of p roduc t ,  mp. 

80-81". 

I R  (KBr): 

lH) ,  3.14(m, 2H) 4.22 ( t ,  l H ,  J = 8.5 Hz); no i m p u r i t i e s  were d e t e c t e d  by 

HPLC, R.T. 5.3 min. 

The product  was c o l l e c t e d ,  washed w i t h  

1700 cm-l, 3320 c m - l ;  NMR (D20) 6 1.75 (m,  lH),  2.31 (m, 

- Anal. Calcd f o r  C4H7N02: C ,  47.52; H,  6.98; N,  13.85 

Found: C ,  47.30; H,  6.80; N ,  13.82 

ACKNOWLEDGEMENTS.- We thank D r .  P. W. K. Woo f o r  h e l p f u l  d i s c u s s i o n s ,  D r .  
F. A. MacKellar and a s s o c i a t e s  € o r  t h e  a n a l y t i c a l  d a t a  and D r s .  J. R. 
Dice, D. E.  B u t l e r ,  and F. Hershenson f o r  t h e i r  keen i n t e r e s t  i n  t h i s  
work. 

REFERENCES 

1. European P a t e n t  071,216 (1983) ; C.A. , 3 , 1 6 0 5 8 2 t  (1983).  

2. a. E. Spa th ,  F. Kuffner and N. P l a t z e r ,  B e r . ,  2, 699 (1935).  

b.  G. Ta lbo t ,  R. Gaudry and L. Be r l ingue t ,  Can. J. Chem., 36, 593 

(1958).  

c. P. Woo, H. Dion and Q. R. B a r t z ,  Te t rahedron  L e t t . ,  2617 (1971). 

d .  "Chronic les  of Drug Discovery", Volume 2 ,  CH 10, J. S .  Bindra and 

D .  Lednicer ,  Ed., John Wiley and Sons, New York, N.Y., 1983. 

3 .  B. Ringdahl and J. C. Cra ig ,  Acta Chem. Scand. B., 34, 731 (1978). 

4. a. M. Och ia i ,  M. Obayashi and K. Morita,  Tetrahedron, 2, 2641 

(1967).  

b. H. Hjeds and T. Honore, Acta Chem. Scand. B. ,  32, 187 (1978). 

5. a. H. P l i e n i n g e r ,  Chem. Ber., 83, 265 (1950). 

b. U. Kraa tz ,  W. Hasenbrink, H. Wamhoff and F. Krote ,  i b i d . ,  104, 

2458 (1971). 

96 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
2
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



AN IMPROVED PREPAFt&l'ION OF (2) 3-HYDROXY-2-PYRROLIDINONE 

6. 

7.  S u r p r i s i n g l y ,  t h e  subsequent  c l eavage  of t h e  ph tha loy l  group d i d  n o t  

B r i t i s h  P a t e n t  688,253 (1953),  C.A., 2, 3996 i (1954).  

p roceed  a t  a l l  on t h e  potassium s a l t  b u t  was e s s e n t i a l l y  complete 

when c a r r i e d  o u t  on t h e  a c i d  u s i n g  methylhydraz ine  and t r i e t h y l a m i n e .  

8. a. L. F. F i e s e r  and M. F i e s e r ,  "Reagents f o r  Organic Syn thes i s " ,  

Volume I, p. 839, John  Wiley ti Sons, New York, N.Y. (1967).  

b .  I. Schumann and R. A. Boissonnas,  Helv. Chim. Acta,  35, 2235, 

2237 (1952).  

9. Rf of e t h y l  ester 0.36, s t a r t i n g  a c i d  remained a t  t h e  o r i g i n .  

10. P rogres s  of t h e  r e a c t i o n  was fo l lowed by t l c .  The p roduc t  appeared 

a t  Rf 0.5. 

g r a d u a l l y  d iminished  t o  t h e  product .  

An i n t e r m e d i a t e  was s e e n  formed a t  Rf 0.23 which 

(Received June  6 ,  1984; i n  revised form September 24, 1984) 

97 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
2
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


