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The alcoholys ts  and cyanatton of 2 -hydroxy-5 -pyr ro l tdone  der iva t ives  are nucleophilic sub-  
st t tutton reac t ions  that  take place at the hydroxyl  and alkoxy groups.  

2-Alkoxy-  and 2 - cyano -5 -py r ro l i dones  a re  impor tan t  in te rmedia tes  in the synthes is  of co r r ins  [2, 3]. 

In the p re sen t  r e s e a r c h  we have intest igated the a lcoholysis  and cyanation of 2 , 3 , 3 - t r t m e t h y l - 2 - h y -  
d roxy -5 -py r ro l i done  (In) and its subst i tuted der iva t ives  (Ib-d). In con t ras t  to the data in the l i t e r a tu r e  r e -  
garding the inert  cha rac t e r  of the hydroxyl  group of subst i tu ted 2 -hyd roxy-5 -py r ro l t dones  in a number  of 
chemica l  r eac t ions  (with d tazomethane,  dtmethyl  sulfate ,  t socyanate ,  ace t ic  anhydride,  acetyl  chlor ide,  and 
thtonyl chloride) [4-11], we have shown that the hydroxyl group in the 2-pos i t ion  in 2 , 3 , 3 - t r t m e t h y l - 2 - h y -  
d roxy-5 -py r ro l tdone  (Ia) and its subst i tuted der iva t ives  (Ib-d) is r ead i ly  r ep laced  by a lkoxy and cyano 
groups.  

The a lcoholys ts  of I a -d  p roceeds  with unusual ease  in alcohol solutions in the absence  of acid ca t a -  
lys t s .  Thus methanolys ts  of hydroxypyrro l tdone  Ia~ at 20~ is complete  in 3 h. According to all  of the 
data obtained (I_R, PIVIR, and mass  s pec t r a ,  e l e m e n t a r y  ana lys i s ,  and vacuum the rmo lys i s ) ,  I Ia  p roved  to be 
identical  to the p rev ious ly  desc r ibed  [1] 2 , 3 , 3 - t r i m e t h y l - 2 - m e t h o x y - 5 - p y r r o l t d o n e .  Like methoxy de r tva -  
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t ive  IIa, the other  alkoxy der iva t ives  (IIb-f) have c h a r a c t e r i s t i c  PMR spec t r a  that a re  s i m i l a r  to those 
p re sen ted  in [1]~ 

* For  Communicat ion X see  [1]. 
[ W e  have p rev ious ly  a s s um ed  [12, 13] the poss ib i l i ty  of the development  of the 2 - tmtno te t r ahydro fu ran  
fo rm,  which is a t au tomer  of hydroxypyrro l tdone  Ia,  for  Ia in alcohol solution. 
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The a leoholys is  of hydroxypyrro l idones  Ia and Id is r ead i ly  followed quanti tat ively by compar i son  of 
the intensi t ies  of the s ignals  of the protons of the methylene groups in the 4-posi t ion (AB sys tem)  or  of the 
2-CH 3 groups in the hydroxy(alkoxy) compounds.  Monitoring of the a lcoholysis  of 1 -methy l -  and 1-phenyl-  
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  (Ib and Ic, r espec t ive ly)  in alcohol solutions proved  to be impos -  
s ible  because  of the super impos i t ion  of the chemical  shif ts  of the s ignals  of the hydroxy and methoxy de r iv -  
a t ives .  In o rde r  to quanti tat ively follow the methanolys is  of these  compounds we used solutions of hydroxy-  
pyr ro l idones  Ib, c in n i t robenzene  in the p r e s e n c e  of a threefold  excess  of methanol.  Under these  condi-  
t ions,  it becomes  poss ib le  to quanti tat ively follow the cour se  of the p roce s s  using a compar i son  of the in- 
tens i t ies  not only of the s ignals  l i s ted  above but a lso  of the signal of the methoxy group at 3.10 and 3.27 
ppm of IId and IIe,  r e spec t ive ly .  The a lcoholysis  of hydroxypyrro l idone  Ia in ethanol and 2-propanol  p r o -  
ceeds with somewhat  more  difficulty than methanolys is .  Thus,  at 34 ~ the percen tage  of ethoxy der iva t ive  
IIb is 78% (after 6 days),  while the pe rcen tage  of IIc is 16% (after 7 days). It should be noted that in t he face  
of such a prolonged t ime  r equ i red  to es tab l i sh  equi l ibr ium,  spontaneous dehydrat ion of hydroxypyrro l idone  
Ia begins to appear  (see [14]); the p r e sence  of 3 , 3 -d ime thy l -2 -me thy l ene -5 -py r ro l i done  (13% in ethanol and 
18% in isopropyl  alcohol,  r e spec t ive ly )  is detected in equi l ibr ium mixtures  of Ia - I Ib ,  c. 

A s i m i l a r  pa t t e rn  is obse rved  in the methanolys is  of the methyl (l-b) and phenyl (Ic) analogs of hy-  
droxypyrro l idone  Ia. Thus,  in n i t robenzene solution in the p r e sence  of a threefold  excess  of methanol,  the 
pe rcen tages  in the equi l ibr ium mixture  of the cor responding  methoxy der iva t ive  (II) and me thy lenepyr ro l -  
idone a r e  ~42 and 35% (after 31 days) for the methyl analog fib) and ~24  and 32% (after 42 days) for the 
phenyl der iva t ive  (Ic). 

2 , 3 , 3 - T r i m e t h y l - 2 - h y d r o x y - 4 - c a r b a m i d o - 5 - p y r r o l i d o n e  (Id) [14], which is r e s i s t a n t  to dehydration in 
solut ions,  does not undergo this r eac t ion  in methanol solution; methoxy der iva t ive  IIf  (44%) and s ta r t ing  hy-  
droxypyrro l idone  Id (56%) a re  detected in it 8 months a f te r  dissolving.  

P r a c t i c a l l y  no deu te r ium exchange of the hydrogen at tached to ni t rogen or in the methyl group in the 
2 -pos i t i onoccu r s  in the a lcoholysis  of hydroxypyrro l idones  I a -d  in deutera ted  alcohol solutions.  This p ro -  
r ides  a bas i s  for  assuming  that the reac t ion  proceeds  as d i rec t  nucleophilic subst i tut ion with the pa r t i c i -  
pation of the hydroxyl  group of I r a t h e r  than by  addition of alcohol to the init ial ly f o rmed  (as a consequence 
of dehydration) 2 -me thy l ene -5 -py r ro l i done  (5 -oxo - l -py r ro l t ne )  der iva t ives  or  to the open tau tomer ic  fo rms  
of I a - e  (with subsequent  recyc l iza t ion) ,  inasmuch  as deu te r ium exchange in the NH or 2-CH 3 groups should 
have been obse rved  in these  cases .  In addition, as we have shown in [1], genuine subst i tuted 2 -me thy lene -  
5 -pyr ro l idones  add alcohol (under s i m i l a r  conditions) and f o r m  atkoxy der iva t ives  v e r y  slowly. 

As it turned out, the a lcoholys is  of 2 -hydroxypyr ro l idones  I a -d  is a r e v e r s i b l e  p roces s .  Methoxy- 
pyr ro l idone  I Ia  is v e r y  r ead i ly  conver ted  to hydroxypyrro l idone  Ia by the action of water .  An inc rease  in 
the t e m p e r a t u r e  a c c e l e r a t e s  the a lcoholys is  and shifts  the equi l ibr ium to the r ight .  When the hydroxypyr -  
rol idone concentra t ion is inc reased ,  a lcoholysis  is inhibited, and the equi l ibr ium is shifted to the left.  The 
addition of acidic (phenols and acet ic  acid) and alkaline (NaOD, CD.~ONa) agents does not have a significant 
effect  on the r a t e  of the p r o c e s s  and the s ta te  of the equi l ibr ium. 

We have p rev ious ly  [15] shown that the hydroxyl  group in hydroxypyrro l idone  Ia is capable of being 
r ep l aced  by a cyano group. In the p r e s en t  r e s e a r c h  we have es tab l i shed  that 1 ,2 ,3 ,3 - t e t r ame thy l -2 -hy -  
d roxy-5 -py r ro l idone  (Ib) and 2 , 3 , 3 - t r l m e t h y l - 2 - h y d r o x y - 4 - e a r b a m i d o - 5 - p y r r o l i d o n e  (Ib) undergo cyanation 
in the p r e sence  of p o t a s s i u m  b icarbonate  and po t a s s ium cyanide in D20 solution, while 2 ,3 ,3 - t r ime thy l -2 -  
me thoxy-5 -pyr ro l idone  (IIa) undergoes cyanation in methanol solution. In this case ,  methoxypyrrol idone 
Ha fo rms  2 , 3 , 3 - t r i m e t h y l - 2 - e y a n o - 5 - p y r r o l i d o n e  (IIIa), which has a c h a r a c t e r i s t i c  PMR s p e c t r u m  that is 
identical  to the s p e c t r u m  of the sample  p rev ious ly  obtained in [15]. 

In con t ras t  to n i t rogen-unsubs t i tu ted  hydroxypyrro l idone  Ia, cyanation does not p roceed  at all in the 
case  of Ib and Id. Carbamidohydroxypyr ro l idone  Id f o r m s  unstable cyano der iva t ive  IIId (which decomposes  
on subsequent  cyanatton).  In this case  the p roces s  is in ter rupted  (it is c a r r i e d  out for a few minutes),  and 
the yield of cyano der iva t ive  IIId in this case  is 51%. 

Rep lacement  of the hydroxyl  group in Id by  a eyano group in the 2-posi t ion leads  to a shift  to s t rong 
field of the signal  of the 4-H pro ton  (by 0.21 ppm) and a smal l  shift  to weak field of the signal of the 2-CH 3 
group (by 0.06 ppm; see  [14]) in the PMR s p e c t r u m  of cyano der iva t ive  IIId in pyridine solution. 

Cyanation of Ib gives an equi l ibr ium mixture  containing, according to PlV[R spec t roscop ic  data,  67% 
1,2 ,3 , 3 - t e t r a m e t h y l - 2 - c y a n o - 5 - p y r r o l i d o n c  (IIIb) and 33% of s t a r t ing  hydroxypyrro l idone  Ib, which could not 
be separa ted .  The conclusion r ega rd ing  the fo rmat ion  of cyano der iva t ive  IIl-b in this case  was made on the 
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bas i s  of the coincidence of its PIVIR s p e c t r a  with the PMR s p e c t r a  of 1-unsubst i tuted analog IIIa  in D20 , 

CC14, and CDCt 3 solut ions.  In the PMR s p e c t r u m  of IIIb in CDC13, for example ,  one obse rves  the c h a r a c -  
t e r i s t i c  (also for  IIIa) s ignals  of geminal  methyl groups at 1.09 and 1.36 ppm and of the 2-CH 3 group at 1.51 
ppm,  which a re  shifted to the weake r  field as compared  with the cor responding  s ignals  of s t a r t ing  hydroxy-  
pyrro l idone  Ib (see [14]). The protons in the 4-posi t ion of I]Ib appear  as a s inglet  at 2.32 ppm, while the 
signal of the methyl  group a t tached to the ni t rogen appea r s  at 2.88 ppm. In con t ras t  to IIIa,  cyano d e r i v a -  
t ive IIIb is r e ad i l y  hydrolyzed by wate r  to hydroxypyrro l idone  Ib; this is apparent ly  r e l a t ed  to the +I effect  
of the methyl  group in the 1-posi t ion.  2 , 3 , 3 - T r i m e t h y l - l - p h e n y l - 2 - h y d r o x y - 5 - p y r r o l i d o n e  (Ic) does not un- 
dergo cyanation. The effect  of subst i tuents  a t tached to the ni t rogen a tom of hydroxypyrro l idones  I a - c  on 
cyanation makes  it poss ib le  to suppose that this r eac t ion  does not p roceed  through r ing  opening with sub-  
sequent r ecyc l i za t ion ,  inasmuch as N-phenylhydroxypyrro l idone  Ic,  which fo rms  an open t au tomer ic  f o r m  
most  r ead i ly  of all of the compounds [14], shouldbe most  r e ac t i ve  in this case .  

In the cyanat ion of subst i tuted 2 -hydroxy-5 -py r ro l idone  Ia, b in D20 solution, cyano der iva t ives  IIIa,  b 
a r e  f o r m e d  more  rap id ly  (on the bas i s  of an analys is  of the PMI~ spec t ra )  than the protons of the 2-CH 3 
group undergo deu te r ium exchange. It follows f r o m  this that  the cyanat ion of In, b does not p roceed  via ad-  
dition of a cyanide ion to the init ial ly fo rmed  (during dehydration) 2 -me thy l ene -5 -py r ro l i done  or its N - a c y l -  
ke t imine  f o r m  (see [3, 16]). Thus,  the cyanation (like the a lcoholysis)  of subst i tu ted 2 - h y d r o x y - 5 - p y r r o l -  
idones I a -d  p robab ly  should be cons idered  to be a r eac t ion  involving nucleophil ic subst i tut ion of the hy-  
droxyl  group in the 2-posi t ion.  

In this case ,  the inc reased  e lec t ron  densi ty on the 2-C a tom,  which a r i s e s  as a consequence of the 
inductive effect ive (or the +C effect) of the ni t rogen a tom,  will p robably  faci l i ta te  the format ion  of the 
t r ans i t ion  s ta te  during nucleophil ic reac t ions .  

EXPERIMENTAL 

The IR spectra of the compounds were recorded with a UR-10 spectrometer. The PMIR spectra were 
recorded with a Hitachi-Perkin-Elmer R-20A spectrometer. The solution concentrations were 0.4 mole/ 
liter. Hexamethyldisiloxane and sodium 2,2-dimethyl-4-silapentane-l-sulfonate (for D20 solutions) were 
used as the internal standard. The mass spectra were recorded with JMS-01SG2 spectrometer with "di- 
rect" introduction of the sample into the ion source at an ionizing voltage of 75 eV and a sample tempera- 
ture of 50 ~ .* 

2,2,3-Tr i methyl -2-methoxy-5-pyrrolidone (IIa). A 0.70-g ( 5 mmole) sample of 2,3,3-tri methyl-2-hy- 
droxy-5-pyTrolidone was dissolved in 100 ml of absolute methanol, and the mixture was maintained at 20 ~ 
for 24 h, after which the methanol was removed by vacuum distillation at 20-30 ~ and the residue was dried 
thoroughly in vacuo (2 mm) at 20 ~ to give a quantitative yield of oily methoxypyrrolidone fla. 

Mass spectrum: 27 (22.8), 28 (14.9), 29 (20.6), 39 (48.7), 40 (16.5), 41 (85.1), 42 (48.1), 43 (Ii.i), 53 
(13.0), 55 (21.3), 56 (49.6), 57 (16.4), 67 (25.7), 82 (46.4), 83 (14.9), ii0 (I00), 125 (30.9), 126 (i0). PIV~ 
spectrum, 5, ppm (in nitrobenzene): 3-(CH3) 2 1.10 (s, 3H) and 1.17 (s, 3H); 2-CH 3 1.40 (s, 3H); 4-CHAH B 
1.87/2.14/2.47/2.75/ (q, AB system, 2H, JAB =16.5 Hz); 2-OCH 3 3.16 (s, 3H). The PMR spectrum of a 
nitrobenzene solution of the sample showed that it contained 0.37 mole of methanol. Found: C 59.5; H 9.4; 
N 8.2%; M (Mass spectrometrically) 157. CsHIsNO 2 +0.37 CH3OH. Calculated: C 59.4; H 9.8; N 8.2%; M 
157.2. 

Reaction of 2,3,3-Trimethyl-2-methoxy-5-pyrrolidone (IIa) with Potassium Cyanide. A 0.33-g (3.3 
mmole)  s ample  of p o t a s s i u m  b icarbonate  and 0.22 g (3.3 mmole)  of p o t a s s i u m  cyanide were  added to a so-  
lution of 0.47 g (3 mmole)  of methoxypyrrol idone IIa in 3 ml of absolute methanol ,  and the mixture  was r e -  
fluxed and s t i r r e d  for 40 h, af ter  which the alcohol was r e m o v e d  by dist i l lat ion,  and the res idue  was ex-  
t r ac t ed  with ch loroform.  The ex t rac t  was evapora ted ,  and the product  was vacuum dried at 20 ~ (2 ram) to 
give 0.23 g (51%) of c rys ta l l ine  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  (Ilia) with mp 192-192.5 ~ (mp 192 ~ 
[15]). PMR s p e c t r u m ,  5 ,  ppm (in CHC13): 3-(CH3) 2 1.18 (s, 3H) and 1.43 (s, 3H); 2-CH 3 1.59 (s, 3H); 
4-CHAH B 2.05/2 .33/2 .43/2 .71 (q, 2H, JAB=16.8  Hz). 

React ion of 1 , 2 , 3 , 3 - T e t r a 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  (I-b) with P o t a s s i u m  Cyanide. As in the 
preparation of IIa, a solution of i.I g (7 mmole) of hydroxypyrrolidone Ib, 0.5 g (7.7 mmole) of KCN, and 
0.77 g (7.7 mmole) of KHCOs in 20 ml of water was heated at 85-95 ~ for 1.5 h to give 1.04 g of a colorless 

*The authors thank V. A. Zamureenko and Zh. K. Torosyan for recording the mass spectra. 
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oily product containing, according to the PMR spectrum, 75% 2-cyanopyrrolidone IIIb (67% yield) and 25% 
of 2-hydroxypyrrolidone Ib (23.6% yield). PMR spectrum of I]/b, 6, ppm (in CHC13): 3-(CH3) 2 1.09 (s, 3H) 
and 1.36 (s, 3H); 2-CH 3 1.51 (s, 3H); 4-CH 2 2.32 (s, 2H); CHs-N 2.88 (s, 3H). 

2-Cyano-2,3,3-trimethyl-4-carbamido-5-pyrrolidone (IIId). A 1.1-g (11 mmole) sample of potassium 
bicarbonate and 0.72 g (11 mmole) of potassium cyanide were added to a refluxing solution of 1.36 g (10 
mmole) of 2,3,3-tr[methyl-2-hydroxy-4-carbamido-5-pyrrolidone in 7 ml of water. After 7 min, the re-  
action mixture was poured over ice, and the precipitated crystals were removed by filtration, washed with 
water, and vacuum dried to give 1 g (51.3%) of 2-cyano-2,3,3-trimethyl-4-earbamido-5-pyrrolidone ~ith 
mp 213-213.5 ~ PMR spectrum, 6, ppm (in C~HsN): 3-(CH3) 2 1.02 (s, 3H) and 1.09 (s, 3H); 2-CH 3 1.51 (s, 
3H); 4-CH 3.27 (s, 1H). Found: C 55.2; H 6.7; N 21.7%. C9H13N302. Calculated: C 55.3; H 6.7; N 21.5%. 
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