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The reac t ion  of a lkyl-  and benzylglycidylmalonic  e s t e r s  with pyrrol id inone,  piperidinone,  
and c a p r o l a c t a m  in the p r e s e n c e  of ca ta ly t ic  amounts  of wa te r  leads to compounds contain-  
ing laetone and l a c t a m  r ings  and a lso  to 2 -a lky l -  and 2 - b e n z y l - 5 - h y d r o x y - y - v a l e r o l a c t o n e s .  

It is known [1] that  in the reac t ion  of compounds containing oxirane r ings  with l ac tams ,  the oxirane 
r ings  a r e  c leaved  with the fo rma t ion  of N-subs t i tu ted  l a e t a m s  having a secondary  alcohol group in an 
open chain. 

Continuing a s tudy of the p r o p e r t i e s  of a lkylglycidylmalonic  e s t e r s  [2] in o rde r  to inves t iga te  c o m -  
pounds containing a lactone and a l ac t am ring, we have p e r f o r m e d  the condensat ion of ~ l a c t a m s  with alkyl-  
and benzylg lyc idylmalonic  e s t e r s .  

The initial a lkyl-  and benzylg lyc idylmalonic  e s t e r s  (Table 1) we re  synthes ized  by a known method [2] 
f r o m  alkyl-  and benzylmalonic  e s t e r s  mad epichlorohydrin:  

COOCall s 
I 

RC~(COOqHp, + c~c~c~n,~a ~ ~ eccH2c~---C.~ 
- -  t \ o / "  

COOC.,H s 

I - IV 
I R=CtH::: II R=C;,H]~,: III R=CIoH21; IV R=C~HsCH~ 

The IR s p e c t r a  of (I-IV) (Table 1) have the bands of the s t re tch ing  v ibra t ions  of C--O. CH in the C H  2 

of an epoxide group, and C = O  bonds.  

Under the action of l ac tams ,  the oxi rane  r ings of the alkyl-  and benzylglycidylmalonic  e s t e r s  a re  
read i ly  opened in accordance  with K r a s u s k i i ' s  ru le  to fo rm in te rmedia te  compounds in which the l ac t am 
r ings  a r e  bound by the ni t rogen a tom with the y - c a r b o n  a tom of B-hydroxyalkylmalonic  e s t e r :  these  com-  
pounds read i ly  cyc l ize  even under  the conditions of the exper imen t  into yr lac tones  with the spli t t ing out of 
an alcohol.  Compounds (V-XVI) containing lactone and l a c t am r ings  a r e  obtained (Table 2). 

The s t r u c t u r e  of compounds (V-XVI) was conf i rmed  by the IR s p e c t r a  (Table 2) which lacked  the ab-  
sorp t ion  bands of epoxy groups and showed f requenc ies  c h a r a c t e r i s t i c  for  lactone carbonyls  and e s t e r  and 
l a e t a m  groups .  

In the r eac t ion  of (I-IV) with l ac tams ,  in addition to compounds (V-XVI) ce r t a in  amounts  of the known 
[3] 2 -a lky l -  and 2 - b e n z y l - 5 - h y d r o x y - y - v a l e r o l a e t o n e s  (XVII-XX) (Table 3) we re  i so la ted  f r o m  the reac t ion  
m i x t u r e s .  

COOC~H s COOC=H s ] 
"~ i "  , I I r-'--'l I I - IV,+ tlN(CIfa)DCO ~ R~CH~CH('OH)CH~N(CX2)aC O + IRCCH2CH(OH.)cHsOH / 

L cooc,.5 ~ooc~.~ J 
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O~,O,,~CH2N(CH~)nCO + O ~ - - ~ C H ~ O H  

v - x v t  x v u - x x  

V R=CsHzT, n=3; Vt R=CgHIg, n=3; VII R=C,oH2. n=3; VIII R=C~"tsCH~, n=3; 
IX R=CsHI~., n=4; X R=CgHzg, n=4; XI R=CloH.,I, n=4; Xll R=C6HsCH2, n=4; 
XItl R=CsH~7, n=5; XIV R=CgHzg, n=5; XV R=CIoH2. n=5; XVI R=CsHsCH2, n=5; 
XVI!. R=CaH1?; XVHI R=CgHL~; XIX R=CIoH~I; XX R=C6HsCH2. 

In order  to prove the s t ruc ture  of compounds (V-XVI). 2 -e thoxycarbonyl -2 .nonyl -4- (2-oxopyrro l id ine-  
methyl) -T-butyrolactone (VI) was subjected to alkaline hydrolys is :  

VI 
I.:~aOIl: --C2H~Otl tl.,~C 9 . 

~ ' . F - - - 1  , ', 

2.1tCL -CO. O/f~.O/-% C i1_~ N ( CII: ) ~ CO 

XXl 

Compound (XXI) was also obtained by independent synthesis,  in the following way [4]: 

COOC,II 
- ' I. NaOII,-2C.:II;OII +Br~ 

CH2 ~CHCI'I~--C~ Hi9 C|t2=CH CH2CIIC,,Ht~ 
2. HC1, -CO 2 C CI~, -HBr 

COOC:~H; COOl! 

4 I 
It I g C~'~-""~ NaN(Cll2)3CO It 1 9 C ~ - - - ~  I---'-" 

O~'~O/'~CH2Br O:" ~-0 / ~CttoN(CH~):~CO 

XXI a 

The 2-nonyl-  4- (2-oxopyrrol idinomethyl)-  T-butyrolactones  obtained by the different methods showed 
no depress ion  of the melt ing points.  The IR spec t ra  of compound {XXI) lacked the absorption band at 1732 
em -1 that is cha rac te r i s t i c  for  an e s t e r  earbonyl and showed bands at 1770 and 1684 crn -1 which are  char-  
ac te r i s t i c  for lactone and lac tam carbonyls ,  and in the spec t ra  of compound (XXIa) there  were analogous 
bands at 1765 and 1680 cm -1. 

To establ ish the s t ruc ture  of compounds (XVII-XX), the alkaline hydrolysis  of (I-IV) was performed,  
as a resul t  of which the same  2-alkyl-  and 2 -benzy l -5 -hydroxy-T-va le ro lac tones  (XVIIa-XXd) (Table 4) 
were  obtained; mixtures  of them with the corresponding compounds (XVIt-XX) gave no depress ion  of the 
melt ing points. 

I.NaOH,-2C2HsOH : ~ _ _ _ ~  
I-IV 2. XCI, -CO2 v v EH2Oll 

XVI I a-XX 

I, XVIla R=EaHI7; II, XVIil b R=CgHtg: 

III.XIXc R=CIoH21 ; IV, XX d R=C6HsCH 2 

In the IR spec t ra  of (XVII-XX) (Table 3) and of (XVIIa-XXd) (Table 4), the bands of C = O  and OH stretching 
vibrations were observed.  A broad band in the 3500-3100 cm -1 region with a c lear ly  isolated doublet prob-  
ably indicating different  fo rms  of associa t ion cor responds  to the s tretching vibration of the hydroxy groups 
of these compounds [apart f rom (XX) and (XXd), which a re  liquids]. Tables 3 and 4 give the maxima of the 
doublets. 

The format ion of the 2-alkyl-  and 2 -benzy l -5 -hydroxy-7 -va l e ro l ac tones  {XVII-XX) as byproducts  
takes place under the action of the lac tams.  When the epoxide is heated separa te ly  or with catalytic amounts 
of water  at 200-210~ in the absence of a lactam, the initial epoxide undergoes no changes. 

Judging f rom the experimental  resul ts ,  the lac tam acts both on the oxirane r ing of the alkyl- and 
benzylglycidylmalonic  es te r  and on one of the ethoxycarbonyl groups. Apparently, the lac tam converts  the 
ethoxycarbonyl  group into an acid group which, under the experimental  conditions, decarboxylates,  and the 
lae tam i tself  is converted into the N-ethyl derivat ive.  A s imi la r  effect on an e s t e r  group has been repor ted  
previous ly  when ethyl es te r s  of 2-subst i tuted 7 -bu ty ro lac tone-4 -ca rboxy l i c  acids were t rea ted  with potas-  
s ium phthalimide. Under these conditions, phthalimide derivat ives were obtained in low yields.  The main 
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p r o c e s s  was the alkylat ion of the p o t a s s i u m  phthal imide with the e thoxycarbonyl  p a r t  of the e s t e r - l ac tone .  
However ,  in our case  it was imposs ib le  to detect  N-e thyl  de r iva t ives  of the l a c t a m s  in the m a s s  of excess  
l a c t a m  dis t i l led  off. 

The final s tage  of the opening of the oxi rane  r ing  takes  p lace  by the action of two compet ing groups  
-N(CH2)nCO and -OH,  which a lso  explains  the fo rmat ion  of the in te rmedia te  sy s t ems :  

~:OOC2Hs COOC2H s 

p. icH2c. (ou)c.2  ~(CH2).~O I and RCCH2CH(OH)CB2OH 

COOC:~B,s COOC2H 5 

A B 

It might  be expected that  i f  no wa te r  were  used, the reac t ion  should take p lace  only with the fo rmat ion  of 
the produc t  of l a c t a m  addition, but in this case  res in i f ica t ion  products  a r e  f o rmed  in l a rge  amount.  

The action of the l a c t a m  on one of the e thoxycarbonyl  groups  in A or  B or  in the p roduc t s  of the i r  
cycl iza t ion is not equiprobable,  s ince only in the cycl ized  p roduc t  f r o m  B is t he re  no ethoxycarbonyl  group.  

O:C~ H 

o ~ C H  2-  and HOCH 2-  O 

The explanat ion of this cons is t s  in a cons idera t ion  of s t e r i c  f ac to r s  acting in the in t e rmed ia t e  compounds 
A and B or in the p roduc t s  of the i r  cycl izat ion.  

Compounds a r e  obtained with two a s y m m e t r i c  cen te rs ,  i .e. ,  in appl icat ion to the cycl ic  s t r u c t u r e s  it  is 
pos s ib l e  fo r  c i s -o r  t r a n s - i s o m e r s  to be  fo rmed .  Judging f r o m  the exper imen ta l  facts ,  i t  m a y  be a s sumed  
that  only one i s o m e r  is  obtained in each case,  i .e. ,  cycl iza t ion  takes  p lace  in s t e r e o d i r e c t e d  fashion. Ap- 
parent ly ,  in r eac t ions  involving c leavage of an epoxide r ing  with cycl izat ion to a lactone,  we have a pecu l i a r  
combinat ion of s t e r i c  and ene rgy  conditions which keep a definite e thoxycarbonyl  group in contact  with the 
hydrogen a tom of the hydroxy group in i n t e rmed ia t e  compound A or  B, which we shal l  examine  with A as 
example .  On model ing this s t ruc tu re ,  the following poss ib i l i t i e s  of the appea rance  of a gauche confo rma-  
t ion a re  found (only the hydrogen bonds between the groups  - O H  . . . . . .  OCOC2H 5 a r e  considered,  s ince it is  

I 
the reac t ion  of jus t  these  groups  that leads to the fo rmat ion  of the T- lac tone  ring): 

R R 

It CHOH ' 

C2H~ OOCioi [ " COOC'|!5. C,HsOOC COOC2H 5 C. tl. OOC"~ " x , ~  : j ?COOC21i 
CHOtI  II I ' H II I H II 
I 

a b c 

With the pa r t i c ipa t ion  of a hydrogen bond in both cases ,  the appea rance  of s e v e n - m e m b e r e d  cycl ic  t r a n s i -  
t ion s t a t e s  is poss ib le ,  but s tabi l iza t ion  of the t rans i t ion  s t a t e s  through the fo rmat ion  of a T- lac tone  r ing 
with a par t i c ipa t ion  of e i ther  of the e thoxycarbonyl  groups  is not equiprobable.  The fo rmat ion  of a r ing 
with ethoxy group I in conformat ion  b is energe t i ca l ly  l e s s  favorable  s ince under  these  c i r c u m s t a n c e s  the 
bulky subst i tuents  R and R' .  between which any in te rac t ion  (apart  f r o m  van der  Waals  interact ion)  is ex-  
cluded, occupy the t r a n s  posi t ion with r e s p e c t  to the plane of the ring, while cycl izat ion through ethoxy- 
ca rbonyl  groups I or  II in conformat ion  a and through e thoxycarbonyl  group II in conformat ion  c leads  to a 
r ing  in which the voluminous subst i tuents  a r e  p r e s e n t  in the cis posi t ion.  

W COOC2Hs H 

Simi la r  cons idera t ions  a r e  a lso  appl icable  to B taking into account only the fac t  that  the CH2OH group 
r e a c t s  with the ca rbonyl  of the lactone r ing.  
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It has a l ready  become c lear  why the re  is no e s t e r  group in compounds {XVII-XX) and why the react ion 
of the lae tam is exclusively  with the same group in compounds {V-XIV). The p r e sen ce  of an ethoxycarbonyl 
group in some and its absence f rom o ther  compounds is evidence in favor  of the t rans  s t ruc tu re  of the p ro-  
ducts obtained, s ince in compounds (V-XVI) the voluminous substituents --Ctt2--R' block the approach of the 
lac tam to the ethoxyearbonyl  group, while in (XVII-XX) the comparat ively  smal l  hydroxymethyl  group, con- 
nected by in terac t ion  with the carbonyl  laetone, does not p revent  this interact ion.  

EXPERIMENTAL 

Alkyl- and Benzylglycidylmalonic Esters (I-IV). These were obtained by the reaction of alkyl- and 
benzylmalonic esters with epichlorohydrin by a known procedure [2] (Table I). 

2-Alkyl- and 2-Benzyl- 2- ethoxycarbonyl- 4- (2-oxopyrrolidinomethyl)- 7-butyrolactones. 2-Alkyl- and 
2- Benzyl-  2-e thoxycarbonyl-  4- (2-oxopiperidinomethyl)-  7-butyrolactones .  2-Alkyl- and 2-Benzyl-  2- ethoxy- 
earbonyl-  5- (2-oxoaz epin- 1-yl)-  7-  valerolactones  (V-XVI), and 2-Alkyl- and 2- Benzyl-  5-hydroxy-  7 - v a l e r o -  
lactones (XVII-XX). A mixture  of 1 mole of (I-IV), 4 moles  of a lae tam (pyrrolidinone. piperidinone, or  
caprolaetam),  and 3-4 drops of water  was heated at 200-210~ for  10 h and was then dist i l led in vacuum: 
the f i r s t  f rac t ion taken off was the excess  of lac tam and the second f ract ion consis ted of compounds {XVII- 
XX) (they c rys ta l l i zed  in the rece iver )  (Table 3), while the third f ract ion consis ted of (V-XVI) (Table 2). 

2-Nonyl-4-(2-oxopyrrol id inomethyl) -~/ -butyrolactone (XXI). A mix tu re  of 10.4 g (0.027 mole) of (VI) 
and 3.27 g (0.081 mole) of a 50% aqueous solution of caustic soda was heated in the water  bath for  6 h, 
cooled, and worked up by known methods [5]. Disti l lation yielded 5.24 g (62%) of (XXI) with bp 228-230~ 
(1 ram), nD 2~ 1.4875. The substance c rys ta l l i zed  in the course  of time, mp 63~ (from ethanol). Found %: 
C 70.1: H 10.2: N 4.55. ClsH31NO 3. Calculated %: C 69.9: H 10.03: N 4.53. 

2 -Nonyl -4- (2-oxopyrro l id inomethyl ) -T-butyro lac tone  (XXIa). A mixture  of 1.18 g (0.011 mole) of the 
sodium der ivat ive  of pyrrol idone,  14.6 ml of d ry  N,N-dimethylformamide,  and 3.5 g (0.01147 mole) of 5- 
b r o m o - 2 - n o n y l - 7 - v a l e r o l a e t o n e  was boiled for 5 h and was then cooled to room t em p e ra tu r e  and fi l tered,  
the d imethyl formamide  was driven off. the res idue  was dissolved in d ry  acetone, the solution was f i l tered,  
the acetone was dr iven off. and the res idue was dist i l led to give 1.3 g (37%) of {XXIa), bp 227-230~ (1 mm). 
nD 2~ 1.4880. In the course  of t ime. the product  crys ta l l ized:  mp 63~ (from ethanol). Found %: C 69.1: 
H 10.3: N 4.45. CIsH31NO3. Calculated %: C 69.9: H 10.3: N 4.45. 

2-Alkyl-  and 2 -Benzy l -5 -hydroxy- 'y -va le ro lac tones  (XVIIa-XXd). A mix ture  of 1 mole of an alkyl- 
or  benzylglycidylmalonic e s t e r  (I--IV) and 3 moles of 50% aqueous caustic soda was heated in the water  bath 
for  6 h, cooled, worked up by known methods [5]. and dist i l led to give (XVIIa-XXd), which c rys ta l l i zed  in 
the r e c e i v e r  (Table 4). 
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3. 
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