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A method  for  the syn thes i s  of 2 , 3 , 3 - t r i m e t h y l - 2 - h y d r o x y - 5 - p y r r o l i d o n e  has  been deve loped .  
3 , 3 - D i m e t h y l - 2 - m e t h y l e n e - 5 - p y r r o t i d o n e  is  i n i t i a l ly  f o r m e d  dur ing  i ts  t h e r m o l y s i s  and then 
r e a d i l y  d i m e r i z e s .  2 , 3 , 3 - T r i m e t h y l - 2 - c y a n o - 5 - p y r r o l i d o n e  was syn thes i zed  by the r eac t ion  
of 2 , 3 , 3 - t r i m e t h y l - 2 - h y d r o x y - 5 - p y r r o l i d o n e  with p o t a s s i u m  cyan ide .  

Methods for  the s y n t h e s i s  of d i h y d r o p y r r o l e  d e r i v a t i v e s  - A l - p y r r o l i n e s  -- w e r e  d e s c r i b e d  in p rev ious  
communica t i ons  of th is  s e r i e s  [1] a long with t h e i r  c h e m i c a l  p r o p e r t i e s .  This  pape r  is devoted  to t h e  s y n t h e -  
s i s  and inves t iga t ion  of some  p r o p e r t i e s  of t e t r a h y d r o p y r r o l e  d e r i v a t i v e s ,  na me ly ,  2 , 3 , 3 - t r i m e t h y l - 2 -  
h y d r o x y -  5 - p y r r  olidone (VII). 

I t  should  be no ted  tha t  the  p roduc t  of the  dehydra t ion  of h y d r o x y p y r r o l i d o n e  VII - 3 , 3 - d i m e t h y l - 2 -  
m e t h y l e n e - 5 - p y r r o l i d o n e  (VIII) - is  a key  compound in the  syn thes i s  of c o r r i n s  [2-5]. The syn thes i s  of 
p y r r o l i d o n e  VII was a c c o m p l i s h e d  as  fo l lows:  
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In [6] we d e s c r i b e d  a p r e p a r a t i v e l y  convenient  method  for the  syn thes i s  of e thyl  3 , 3 - d i m e t h y l - 2 -  
c a rbe thoxy levu l ina t e  (Ia). Methyl  3 , 3 - d i m e t h y l L 2 - c a r b o m e t h o x y l e v u l i n a t e  (Ib) was syn thes i zed  f rom d i -  
me thy l  i s o p r o p y l i d e n e m a l o n a t e  and ace t a ldehyde  in the  p r e s e n c e  of benzoyl  pe rox ide  in a m a n n e r  s i m i l a r  
to that  u sed  in the syn thes i s  of T - k e t o  d i e s t e r  Ia [6]. Depending on the condi t ions  used  to c a r r y  out the 
p r o c e s s ,  the a lka l ine  h y d r o l y s i s  of Ia and Ib l eads  e i the r  to 3 , 3 - d i m e t h y l - 2 - c a r b o x y l e v u l i n i c  ac id  (2) or  to 
i ts  ac id  e s t e r  (iII). Ac id  e s t e r  I I Ia  in low y ie lds  (4-6~ is  the  ch ie f  p roduc t  when Ia is hyd ro lyz e d  under  

* See [1] for  communica t ion  VII.  
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mi ld  condi t ions  (with 1 N NaOH at 90 ~ for  30 min) .  Deca rboxy la t ion  of IIIa at 170-180 ~ leads  to ethyl  3 ,3 -  
d ime thy l l evu l ina te ,*  which p roved  to be iden t ica l  to keto  e s t e r  IVa obta ined by e s t e r i f i c a t i o n  of 3 , 3 - d i m e t h y l -  
levul in ic  ac id  (V) with e thyl  o r t h o f o r m a t e .  Only the k e t o d i c a r b o x y l i c  ac id  (II) is  f o r m e d  in 75-82~ y ie ld  
when Ia  and b a r e  h y d r o l y z e d  under  m o r e  s e v e r e  condi t ions  (3 N KOH at  i 00  ~ for  80 h o r  60~ aqueous KOH 
at 25 ~ for  24 h). 

The  deca rboxy la t ion  of ac id  II  y i e lded  3 ,3 -d ime thy l l evu l in i c  ac id  (V) (see [7]), which was  conve r t ed  to 
y - c h l o r o - ~ , / ~  ,fi - t r i m e t h y l b u t y r o l a c t o n e  (VI) by r eac t i on  with thionyl  c h l o r i d e .  The nonequiva lency  of the 
gemina l  me thy l  g roups  and the pro tons  of the me thy lene  group (an AB sys t e m)  d i sp l ayed  in the PMR s p e c -  
t r u m  of lac tone  VI a t t e s t s  to i ts  cyc l i c  s t r u c t u r e .  

The a m m o n o l y s i s  of keto  e s t e r  IVa and lac tone  VI y i e lded  the s a m e  produc t  - the amide  of 3 , 3 - d i -  
me thy l l evu l in ic  ac id  which, acco rd ing  to the  PMR and IR s p e c t r a ,  is  the p redominan t  f o rm  in so lu t ions ,  
whi le  the cyc l ic  fo rm - 2 , 3 , 3 - t r i m e t h y l - 2 - h y d r o x y - 5 - p y r r o l i d o n e  {VII) - is  appa ren t ly  the exc lus ive  fo rm in 
the so l id  s ta te . r  Signals  of two nonequiva len t  ge mina l  me thy l  g roups  (1.01 and 1.10 ppm) and nonequivalent  
p ro tons  of the methy lene  group  (1.80, 2.08, 2.41, and 2.69 ppm, AB s y s t e m ,  J 16 Hz) a r e  o b s e r v e d  in the 
PMR s p e c t r u m  of a c h l o r o f o r m  solut ion of h y d r o x y p y r r o l i d o n e  VII, which unambiguous ly  a t t e s t s  to the 
cyc l i c  s t r u c t u r e  of th is  compound.  The c h e m i c a l  sh i f t s  and in t ens i t i e s  of the s igna l s  of the 2-C H 3 (1.32 
ppm),  OH (4.75 ppm), and NH (7.55 ppm) groups  a r e  a l so  in a g r e e m e n t  with s t r u c t u r e  VII .  

B r i e f  hea t ing  (10-15 rain) of h y d r o x y p y r r o l i d o n e  VII in CDC13 and d s -py r id ine  at 60-80 ~ l eads  to i ts  d e -  
hydra t ion  and conve r s ion  to 3 , 3 - d i m e t h y l - 2 - m e t h y l e n e - 5 - p y r r o l i d o n e  (VIII): 
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The character ist ic  signals of two nonequivalent olefinie protons are displayed in the PMR spectra of 
V I I I  in the solvents indicated above: doublets at 4.00 and 4.20 ppm (J 1.8 Hz) in CDC13 and at 4.00 and 4.35 
ppm (J 1.4 Hz) in ds-pyridine. 

More prolonged heating of VI I  (3-5 h) is accompanied by quantitative conversion to a d imer  (IX) of the 
i n i t i a l l y  formed methylenepyrrol idone WIII).  The same dimer (IX) was isolated from the ammonolysis of 
3 ,3-d imethy l lewl in ie  acid under the conditions presented in [7]. The PMR spectrum of d imer  IX in CDC13 
contains a singlet f rom one olefm proton at 4.17 ppm, two geminal methyl groups at 1.00 ppm and two at 
1.18 ppm, one methyl group at 1.23 ppm, the protons of two methylene groups at 2.08 and 2.15 ppm, and pro- 
tons of NH groups  at  8.55 ppm.  The IR s p e c t r u m  of th is  d i m e r  conta ins  absorp t ion  bands of the s t r e t c h i n g  
v i b r a t i o n s  of two c a r b o n y l  groups  at  1680 and 1745 cm -1, a double bond at 1655 c m  -1 and l ac tam NH groups  
at  3435 cm -1. On the b a s i s  of these  da ta  and a d e t e r m i n a t i o n  of the m o l e c u l a r  weight ,  we a s s igned  the 3 ,3 -  
d i m e t h y l - 2 - m e t h y l ~ a e - 5 - p y r r o l i d o n e  s t r u c t u r e  (IX) to the d i m e r  (see [4], for  example ) .  

H y d r o x y p y r r o l i d o n e  VII r e a d i l y  r e a c t s  wi th  p o t a s s i u m  cyanide  in aqueous p o t a s s i u m  b i c a r b o n a t e .  The 
s t r u c t u r e  of the p roduc t  of this  r e a c t i o n -  2 , 3 , 3 - t r i m e t h y l - 2 - c y a n o - 5 - p y r r o l i d o n e  (X) - w a s  unambiguous ly  
e s t a b l i s h e d  on the bas i s  of the PMR and IR s p e c t r a ,  which p roved  to be ident ica l  to the s p e c t r a  of X s y n t h e -  
s i zed  p r e v i o u s l y  [2] by the addi t ion of p o t a s s i u m  cyanide  to m e t h y l e n e p y r r o l i d o n e  VIII under  s i m i l a r  cond i -  
t i ons .  Our r e s u l t  is  ev idence  that ,  in the l a t t e r  ca se ,  the p r o c e s s  m a y  occur  with p r e l i m i n a r y  c onve r s i on  

* The h y d r o l y s i s  and deca rboxy la t ion  of Ia a r e  m o r e  convenien t ly  c a r r i e d  out in one s tep,  i .e . ,  without  i s o l a -  
tion of I l i a  in the pure  s t a t e .  
~A s p e c i a l  communica t ion  wi l l  be devoted to the r i ng -c ha in  t a u t o m e r i s m  of a m i d e s  and a number  of o the r  
3 ,3 -d ime thy l l evu l in i c  ac id  d e r i v a t i v e s  in so lu t ion .  
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of VIII in aqueous alkali to hydroxypyrrolidone VII, which also reacts with potassium cyanide, rather than 
by means of addition of the cyanide anion to the N-aeylketimine form of methylenepyrrolidone VIII, as as- 

sumed in [2]. 

Thus the possibility of the use of hydroxypyrrolidone VII instead of methylenepyrrolidone VIII for set- 
ling up a "nitrile" protection in the synthesis of corrins [3] is obvious. Since the proposed method for the 
synthesis of hydroxypyrrolidone VII has a number of advantages as compared with the literature method for 
the synthesis of methylenepyrrolidone VIII [2, 3, 7] (smaller number of steps, high yield, greater simplicity 
in isolating and purifying the final product), VII can apparently be successfully used in the synthesis of the 
right-hand half of model eorrin systems (see [3]). 

EXPERIMENTAL 

The IR spectra of III (in mineral oil), V (thin layer), and VII and X (in CHCI 3) were recorded with a 
UR-10 spectrophotometer. The PMR spectra were recorded with a Varian DA-60 spectrometer (60 MHz). 
The internal standard was hexamethyldisiloxane. Thin-layer chromatography of the compounds was carried 
out on ac t iv i ty  III a luminum oxide in a h e x a n e - e t h y l  ace t a t e  s y s t e m  (13 : 3). The subs t ances  were  de t ec t ed  
with iodine  v a p o r s .  G a s - l i q u i d  c h r o m a t o g r a p h y  was a c c o m p l i s h e d  with  an LKhM-7A c h r o m a t o g r a p h  with a 
1 - m  long column,  12% polybutanedio l  succ ina te  on C h r o m o s o r b  W as the s t a t i o n a r y  phase ,  a column t e m -  
p e r a t u r e  of 145 ~ and a he l i um flow r a t e  of 40 m l / m i n .  The re ten t ion  t i m e s  w e r e  as  fo l lows:  Ib 375 sec ,  
IVa 90 sec ,  V 6868 s ec ,  VI 90 s ee ,  and VII 334 s e c .  

Dimethy l  I s o p r o p y l i d e n e m a l o n a t e .  This  compound [745 g (87%)] was  obta ined f rom 660 g (5 moles )  of 
d ime thy l  ma lona t e  and 435 g (7.5 mole)  of acetone by a method  s i m i l a r  to tha t in  [8] and had bp 72-73 ~ (2 ram),  
R f  0.66, d 2~ 1 . 0 7 6 a n d n ~  1.4559. F o u n d % :  C 56.2, 5 6 . 4 ; H  7.1, 7 . 1 ; M R  D 43.47. C8H1204. C a l c u l a t e d % :  
C 55.8; H 7.0; MR D 41.98. 

Methyl  3 , 3 - D i m e t h y l - 2 - c a r b o m e t h o x y l e v u l i n a t e  (Ib). This  compound [41.2 g (95%)] was obtained f rom 
34.4 g (0.2 mole)  of d ime thy l  i s o p r o p y l i d e n e  ma lona te ,  57 g (1.3 mole)  of ace ta ldehyde ,  and 4.85 g of benzoyl  
pe rox ide  by a method  s i m i l a r  to tha t  in [6] and had bp 92-93 ~ (2 ram),  R f  0.52, d 2~ 1.1101, and nZ~ 1.4512. 
Found %: C 55.6, 55.6; H 7.5, 7.3; MR D 52.35. C10H1605 . C a l c u l a t e d % :  C 55.5; H 7.5; MR D 51.70. 

H y d r o l y s i s  of y - K e t o  D i e s t e r  I .  A. (Under s e v e r e  condi t ions . )  A m i x t u r e  of 10.8 g (0.05 mole)  of Ib, 
6.5 g of KOH, and 20 ml  of w a t e r  was he ld  at 18-20 ~ for  24 h and e_xtracted with e t h e r .  The aqueous l a y e r  
was ac id i f i ed  and e x t r a c t e d  with  c h l o r o f o r m .  The aqueous l a y e r  was  then e v a p o r a t e d  to d r y n e s s ,  and the 
r e s i d u e  was washed  s u c c e s s i v e l y  wi th  c h l o r o f o r m  and me thano l .  The combined  methanol  and c h l o r o f o r m  
e x t r a c t s  w e r e  d r i ed ,  and the so lven t s  w e r e  e v a p o r a t e d  to g ive  7.75 g (82%) of 3 , 3 - d i m e t h y l - 2 - c a r b o x y l e v u -  
l i n i c a c i d  (II) with mp 120-121 ~ [7] (from b e n z e n e - e t h a n o l ) .  IR s p e c t r u m ,  c m - l :  VCO 1710 and 1740, VOH 
3340. PMR s p e c t r u m ,  6, ppm (in 6DC13): (CH3)26 1.02, CH3CO 2.2, CH 2.63, COOH 5.2. 

Ac id  H was obta ined  in 79% y ie ld  under  the s a m e  condi t ions  f rom Ia.  

B. (Under mi ld  condi t ions) .  A m i x t u r e  of 12.2 g (0.05 mole)  of Ia ,  3.2 g of NaOH, and 52 ml  of 30% 
aqueous e thanol  was r e f luxed  for  30 ra in .  The m i x t u r e  was worked  up as  d e s c r i b e d  above and d i s t i l l ed  to 
give 0.34 g (3.9%) of e thyl  3 , 3 - d i m e t h y l l e v u l i n a t e  (IVa) with bp 55 o (0.85 mm) [9] and R f  0.58. PMR s p e c -  
t r u m ,  5, ppm (in CS2): (CH3) 2 1.08, CH3CO 2.0, CH 2 2.35, COOC2H 5 quar te t  3.92 and t r i p l e t  1.12. Accord ing  
to t h i n - l a y e r  c h r o m a t o g r a p h y  and g a s - l i q u i d  c h r o m a t o g r a p h y ,  this  compound was iden t i ca l  to a s a m p l e  of 
IVa [85% y ie ld  wi th  bp 55-56 ~ (0.85 ram)] obta ined  by heat ing a m i x t u r e  of 77.7 g of 3 ,3 -d ime thy l l evu l in i c  
ac id  (V) and 89 g of e thyl  o r t h o f o r m a t e  for  7 h at  140 ~ In addi t ion ,  0.18 g (2%) of 3 ,3 -d ime thy l l evu l in i c  ac id  
(V) wi th  bp 90-91 ~ (0.85 ram) [7] and Rf  0.22 was i s o l a t e d .  IR s p e c t r u m ,  c m - l :  vCO 1710, uOH 2970. PMR 
spectrum, 6, ppm (in CC14): (CH3) 2 1.15, CH3CO 2.05, CH 2 2.49, s 10.6. 

y-Chloro-y ,fi ,fi -trimethylbutyrolaetone (VI). A mixture of 14.4 g (0.I mole) of 3,3-dimethyllevulinic 
acid (V) and 16.6 g (0.14 mole) of thionyl chloride was re fluxed until hydrogen chloride evolution ceased 
(3 h) and then distilled to give 5.6 g (43%) of lactone VI * with bp 78 ~ (7 ram), d~ ~ 1.081 arid n~ 1.4565. 
Found %: C 52.1, 52.2; H 6.8, 6.6; MR D 40.89. C7H11CIO2. Calculated%: C 51.7; H 6.8; MR D 39.42. PMR 
spectrum, 6, ppm (in CC14): (CH3)2C 1.1 and 1.29, 5-CH 3 1.83, CH 2 1.98, 2.25, 2.59, 2.85 (AB system, J 16 
Hz). 

* Only a melting point of 86 ~ is given in the literature for lactone VI [2]. 
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2 ,3 ,3 -Tr imethy l -2-hydroxy-5-pyr ro l idone  (VII). A. Dry ammonia was passed through a solution of 
1.62 g (0.01 mole) of lactone VI in 15 ml of toluene with cooling to 0 ~ for 2 h. Evaporation of the react ion 
mixture  and separat ion of the ammonium cMoride yielded 1.42 g (99%) of hydroxypyrrol idone VII* with mp 
83-83.5 ~ (from toluene). Found %: C 58.7, 58.9; H 9.1, 9.0; N 9.8, 9.8. CTHI3NO 2. Calculated ~: C 58.7; 
H 9.2; N 9.8. IR spectrum,  cm- l :  VCO 1708-1715, VNH 3425, r O t  t 3610. 

B. A solution of 51.6 g (0.3 mole) of IVa in 200 ml of anhydrous ethanol sa tura ted  with ammonia was 
heated in a bomb at 90-100 ~ for 80 h. The solvent was then removed by dist i l la t ion,  and the res idue  was r e -  
c rys ta l l i zed  from benzene-e thano l  to give 37.8 g (91%) of a product with mp 83-83.5 ~ This product did not 
depress  the melting point of a sample obtained by method A. 

Dimer of 3 ,3-Dimethyl -2-methylene-5-pyr ro l idone  (IX). A total of 2.1 g of an oily substance was ob- 
tained from 4.34 g (0.03 mole) of 3,3-dimethyllevulinic acid and 25 ml of ammonium hydroxide by the method 
in [7]. This substance was vacuum dis t i l led,  and the res idue  from the dist i l lat ion was washed success ive ly  
with methanol and ether to give 0.24 g (6.5%) of d imer  IX with mp 189.5-190.5 ~ Found %: C 67.2, 67.4; H 
9.2, 9.1; N 10.5, 10.8; tool.  wt. (from mass  spec t romet ry)  250. C14H22N203. Calculated %: C 67.2; H 8.9; 
N 11.2; tool.  wt. 250. 

2 ,3 ,3 -Tr imethy l -2 -cyano-5-pyr ro l idone  (X). Po tass ium bicarbonate [3.3 g (0.033 mole)] and 2.15 g 
(0.033 mole) of potassium cyanide were  added to a solution of 4.3 g (0.03 mole) of VII in 16 ml of water ,  and 
the mixture  was heated at 85-95 ~ for 3 h. The upper oily layer  was separa ted ,  and the aqueous layer  was 
extracted with e ther .  The aqueous l aye r  was then evaporated to dryness ,  and the res idue was ext rac ted  with 
chloroform.  The combined ext racts  were dried with sodium sulfate, the solvent was evaporated,  and the 
res idue  was r ec rys t a l l i z ed  from h e x a n e - c h l o r o f o r m  to give 3.82 g (85%) of a product with mp 192-192.5 ~ [3]. 
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