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K E T O  A C I D S  IN T H E  P Y R R O L E  S E R I E S  

V .  N .  E r a k s i n a ,  T .  M.  I v a n o v a ,  
T .  A .  B a b u s h k i n a ,  A .  M.  V a s i l ' e v ,  
a n d  N .  N .  S u v o r o v  

UDC 547.746'748'75 

The spec t r a l  p rope r t i e s  of o - (2-pyr ro ly lke to)benzoic  acid and i ts  N-methy l  and N-benzyl  analogs 
were  invest igated in o rde r  to detect  r ing-chain  t a u t o m e r i s m .  It is shown that  the invest igated 
acids  exis t  in the open keto f o r m .  The cor responding  de r iva t ives  involving the carbonyl  group  
were  obtained. The p repa ra t ion  of de r iva t ives  of the cyclic lactol  f o r m  of the 2 -py r ro ly lke toben -  
zoic acids  is desc r ibed .  

The p rev ious ly  descr ibed  [11 o- (2-pyr ro ly lke to)benzoic  acid is of in te res t  as a model  for  the study of 
va r ious  types  of t au tomer ic  t r an s fo rm a t i ons  [2-4]. We have used it for  the study of r ing-cha in  t a u t o m e r i s m ,  
in analogy with ace tophenone-o -ca rboxy l i c  acid [3, 4]. 

Keto acid I was obtained by react ion  of p y r ro ly lmagnes ium iodide with phthalic anhydride in anisole  [1]. 
However ,  the reac t ion  was complicated by cons iderab le  res in i f ica t ion  and the production of cyclic l ac tam II; 
this was evidently a consequence of ca r ry ing  out the reac t ion  a t  high t e m p e r a t u r e .  The yield of acid I was 
only 30%. We found that  the yield can be increased  to 63% if the reac t ion  is t e rmina ted  immedia te ly  a f te r  the 
addition of a hot solution of phthalic anhydride  to the py r ro ly lmagnes ium iodide; in this case  the p r e s e n c e  of 
l ac t am II is not detected even by chromatography .  Neve r the l e s s ,  the react ion  product  has a melt ing point that  
is 40~ lower than that  of pure  acid I and,  according  to ch romatography ,  is a mix tu re  of two compounds.  To 
s e p a r a t e  them we used column chromatography  on s i l ica  gel .  The pr incipal  react ion  product  is  actual ly acid I, 
which was isolated in a ra t io  of 9:1 r e l a t ive  to the second compound, which a l so  has acid c h a r a c t e r  (Ia). On 
the bas i s  of an examination of the UV (Fig. 1) and IR spec t ra  we as sumed  that we a r e  dealing with s t ruc tu ra l  
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i s o m e r s :  It  was shown by m a s s  s p e c t r o m e t r y  that the molecu la r  ion at  m / e  215 is the m a x i m u m  peak in the 
spec t r a  of both compounds and that the f ragmenta t ion  pathways of the two substances  coincide. An ana lys i s  
of the PMR spec t ra  (Table 2), which we will d i scuss  below, conf i rms  the assumpt ion made above.  
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Fig.  1. UV spec t ra  of 2 -py r ro ly lke to -  
and 3-pyrro ly lke tobenzoic  acids:  1) 
o-  (2-pyrrolylketo)benzoic  acid (I); 2) 
o- (3-pyrro ly lke to)benzoic  acid (Ia). 
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T A B L E  1. Spec t r a l  C h a r a c t e r i s t i c s  of t he  Keto  Ac ids  

CoIxl- 
pound 

IVa 

Va 

IVb 

VII 

VI 

X 

Solvent, 
mole/liter 

KBr 

CHCI3, 5 �9 I0 -z 
CHCI3, 5 �9 I0 -~ 
DMSO 
CC14 
CH3CN 

KBr 
CHCI,~, 2.10 -2 
CHCIa, 2- t0 -4 
KBr 

CIICI3, 3.10 -2 
CHCI3, 3- 10 -4 
KBr 
CHCI3, 2.10 -2 
CHC13, 2.10 -4 
CHCI~ 
DM$O 
Mineral oil 

CHCI3 

IR Spectrum, cm-1 

c=o 

1575 i 1595, 
1630 

1605,1637 d 
t640 
1640 
1650 
1645 
1590 
1640 
1645 

1650 

1643 
1643 

1590 int 1645 
1640 
1640 

1605 

1610 

COOH 

1685, 1700, 1750 d 
1710 i, 1715, 1745 
1715, 1735, 1750 d 
1700 i, 1715, 1730 wi. 
1717, 1725, 1755, 1765 i 
1735 

1715 
1710, 1735 i 
1715 i, 1740 
1680, 1690, 1697, 1720 i, 

1740 i 
1695, 1705, 1740 i 
1715 i, 1745 
1695, 1715 
1700 vs  1720, 1730 
1700 w, 1732 
1715, 1777 

1760, 3380 

1770,3340,3540 

iUVSpeetrum 

202, 18,7 
295 l 1,2 

203 -,91,0 
296 16,1 

205 36,7 
296 15,5 

206 15,2 
298 15,2 

207 19,5 
230 18,0 
205 16,1 
230 15,0 
204 17,2 
226 20,0 

The u s e  of s u c c i n i c  ac id  in the G r i g n a r d  r e a c t i o n  led to ~ - ( 2 - p y r r o l y l k e t o ) b u t y r i c  a c i d .  The  ke to  ac id s  
obtained a r e  a lky la ted  in a l k a l i n e  m e d i a  by d i m e t h y l  su l fa t e  and benzy l  c h l o r i d e  at  the  n i t rogen  a t o m  of the  

p y r r o l e  r i n g .  Under  the  me thy la t ion  condi t ions  t h a t w e  used,  N - m e t h y l - 2 - p y r r o l y l k e t o b e n z o i c  ac id  was  i s o l a t e d  

in the  f o r m  i ts  m e t h y l  e s t e r  (IVb}. Methyl  e s t e r  Vb was obtained by me thy la t ion  of Va with a so lu t ion  of d i a z o -  

m e t h a n e .  It has been p r e v i o u s l y  shown [1] tha t  keto  ac id  I in a c i d i c  med ia  u n d e r g o e s  i n t e r n a l  acy la t ion  to  g i v e  

l a c t a m  II; the  s a m e  l a c t a m  was a l s o  obtained by the  ac t ion  of a so lu t ion  of d i a z o m e t h a n e  on ke to  ac id  I. In the  
c a s e  of benzy la t ion  the  y ie ld  of p u r e  ke to  Va is  50%: o - P h t h a l i c  ac id  was a l s o  i so l a t ed  by m e a n s  of co lumn 

~ I  ~ I - -'-"- 
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CHzC6H 5 R O R 
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Jo 

I OC~H,s 
R 

V| ,  VI I  

IV, X R=CH3; Vi. IX R=tt; 
V. VII R=CH:CsHs; 
tY-Va R'=H; b R'~CH 3 

0 

IX. X 

c h r o m a t o g r a p h y .  Ano the r  hydro ly t i c  c l e a v a g e  p r o d u c t ,  v i z . ,  benzo ic  ac id ,  i s  obtained if t r e a t m e n t  of the  r e -  

ac t ion  m i x t u r e  with s t e a m  i s  used  fo r  the i so l a t ion  of keto  ac id  Va.  H o w e v e r ,  we w e r e  unable  to i s o l a t e  pu re  

p roduc t s  with p y r r o l e  c h a r a c t e r  f r o m  the  r e s i n  f o r m e d  in th is  c a s e .  

The  p r e s e n c e  of two e l e c t r o n - d o n o r  and two e l e c t r o n - a c c e p t o r  g roups  in keto  ac id  I c r e a t e s  p o s s i b i l i t i e s  

fo r  d i f f e r en t  t ypes  of i n t r a m o l e c u l a r  i n t e r a c t i o n s  and fo r  the  f o r m a t i o n  of v a r i o u s  types  of hydrogen  bonds.  
The  abso rp t ion  of the  a - c a r b o n y l  g roup  in the IR s p e c t r u m  of a KBr  pe l l e t  of ke to  ac id  I shows up in the  f o r m  
of s e v e r a l  bands at  1580-1630 cm -1, whi le  the  abso rp t i on  of the  ca rboxy  g roup  shows up in the f o r m  of a broad  
in t ense  band a t  ~1700  c m  -1. T h e s e  va lues  p r o v i d e  evidenc 'e  that  I ex i s t s  in the  c r y s t a l l i n e  s t a t e  in the  open 
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keto fo rm and that s trong intermolecular  interact ions a r e  present .  However,  one cannot exclude the possibi l-  
ity that the presence  of the cyclic lactol form is a lso possible in a solution of keto acid I. A shoulder at 1740 
cm -1 appears  on the intense band at 1710 cm -1 in the spectra  of concentrated solutions of I, IVa, and Va in 
chloroform (Table 1); when the solution is diluted gradual ly ,  the intensity of this shoulder inc reases ,  and the 
component at 1745 cm -i  with a weak shoulder at  1710 cm -1 dominates in the case of a concentration of 5-10 -5 
mole / l i t e r .  Thus,  keto acids I, IVa, and Va form d imers  involving the carboxy group in the condensed phase 
and in concentrated CHC13 solutions. Judging f rom the difference in the frequencies of the monomer and dimer  
(Av = 35 cm-i) ,  these dimers  can be assumed to be cyclic [5]. The carboxy group shows up in the spect ra  of 
solutions of I in dimethyl sulfoxide (DMSO) and acetoni t r i le  in the fo rm of a single band with frequencies of 
1715 and 1735 cm -1 (Table 1). The absence of absorption bands above 1750 cm -1 constitutes evidence that keto 
acids I, IVa, and Va do not produce a lactol form in any of the investigated solvents.  * 

It should be noted that not only the carboxy group but a lso the ~ -ke to  group,  which at a concentration of 
5-10 -3 mole / l i te r  has the form of a doublet at 1606 and 1637 cm -1 , the low-frequency component of which be- 
comes weaker when the solution is diluted, fo rms  strong in termolecular  hydrogen bonds in dilute solutions of 
keto acid I in chloroform.  Since this doublet charac ter  of the carbonyl group is not present  in the spectra  of 
keto acids IVa and u  it may be concluded that the pyr ro le  hydrogen atom part icipates in this in termolecular  
hydrogen bond. This conclusion is also confirmed by the low-field position of the signal of the proton of the 
NH group in the PMR spectrum of I in chloroform (Table 2). 

Cyclic pyridazinones a r e  formed in the reaction of acids I and Va and 7-(2-pyrrolylketo)butyr ic  acid with 
hydrazine hydrate.  

The reduction of acid Va with zinc dust in ammonia  leads to o-(N-benzyl-2-pyrrolylmethyl)benzoic  acid 
(viii).  

We were able to isolate derivat ives (VI and VII) of hydroxy lactone form HI of the acids by reaction of 
keto acids I and Va with ethyl chlorocarbonate  in the p resence  of cyclizing agents ,  v i z . ,  zinc chloride and bo- 
ron tr if luoride etherate.  In addition, the reduction of keto acids I and IVa with sodium borohydride leads to 2- 
pyrrolylbenzolactones IX and X, which were isolated by elution with silica gel.  All of the compounds obtained 
a re  stable white crystal l ine substances,  the UV spectra  of which differ considerably f rom the spect ra  of keto 
acids I and IVa: In addition to a maximum at 206 nm, a broad diffuse maximum with approximately the same 
intensity is observed at 230-235 nm. The IR spectra  of these compounds contain a strong band at 1760-1775 
cm -1. The data f rom the PMR spectra  of u  and VII and a comparison of them with the spectra  of the c o r r e s -  
ponding keto acids (Table 2) confirm the s t ruc tures  proposed for these compounds. 

We made the assignments  of the signals to the protons of the pyrro le  ring f rom the s p i n - s p i n  coupling 
constants (SSCC), assuming that J3,4 > J2,3 > J2,4 [6]. The ass ignment  of the signals to the protons of the 
benzene ring was made with allowance for the change in the hybridization of the carbon atom of the carbonyl 
group f rom sp 2 in keto acids I, IVa, and Va to sp 3 in the cyclic lactol form of VI-VIII.  In the case of sp 3 hybri -  
dization of the bridge C 6 atom only the 5 ' -H proton will experience additional deshielding as a consequence of 
the anisotropy of the magnetic susceptibility of the C --- O bond. The signals of the protons of the benzene ring 
in the spectra  of VI-VIII therefore  form two multiplets with an intensity rat io of 1:3 (we did not ca r ry  out a 
detailed analysis  of these multiplets,  and only their  centers  a re  indicated in Table 2). In the case of the spec-  
t ra  of I, IVa, and Va in solution in d~-DMSO the protons under discussion give th ree  muttiplets with an inten- 
sity rat io of 1:2:1. A distinctive feature of the spectra  of VI and VII is the complexity of the signals of the 
protons of the ethoxy group,  which in this case is an ABX 3 spin sys tem with JAX = JBX, while the N - C H  2 
signals of the benzyl group for  VII in CHC13 fo rm an AB quartet  with J = 15.4 Hz. This is probably a s so -  
ciated with the magnetic nonequivalence of the hydroxymethylene protons of the ethoxy group,  which is speci-  
fically oriented relat ive to the plane of the a romat ic  ring bonded to the chiral center ,  as observed for the 
methyl groups in 2 -a ry l -3 -methy l -2 -bu tano ls  ~].  

A comparison of the chemical  shifts of the protons for Ia and the absence of the J3,4 constant (4 Hz) that 
is charac ter i s t ic  for 2 -acy lpyr ro les  provide a basis for the asser t ion  that the side product in the reaction be-  
tween pyrroly lmagnes ium iodide and phthalic anhydride is actually o-(3-pyrrolylketo)benzole acid ~a). 

E X P E R I M E N T A L  

The IR spectra  were recorded with a UR-20 spec t rometer :  The spectra  of concentrated solutions were 
obtained in standard KBr and CaF 2 cuvettes (/ = 0.1 ram), while the spectra  of dilute solutions were obtained in 

* Measurements  in CC14 were difficult because of the low solubilities of the keto acids.  
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dismountable cylindrical  cuvettes (l =10 mm).  The UV spect ra  of solutions of the compounds in ethanol were 
recorded  with a Specord spec t rophotometer .  The PMR spect ra  were recorded  with a Varian HA-100D spec t ro -  
meter  with hexamethyldisiloxane as the internal  standard.  

2- and 3-Pyrro ly lke tobenzoic  Acids (I and Ia). A hot solution of 14.8 g (0.01 mole) of phthalic anhydride 
in 100 ml of anisole was added with vigorous s t i r r ing to a solution of pyr ro ly lmagnes ium iodide obtained by the 
method in [1] f rom 6.7 g (0.01 mole) of pyr ro le ,  after  which s t i r r ing  was continued until the mixture had cooled 
completely to room tempera tu re .  The mixture was decomposed in the usual way, and the aqueous solution was 
extracted severa l  t imes with ether.  The combined ether extracts  and the anisole layer  were evaporated to a 
small  volume,  and the resul t ing precipi ta te  was removed by fi l tration to give 14 g (63%) of a product with mp 
138-140~ A 10-g sample of the mixture obtained was applied to a column filled with L 100/250 p sil ica gel 
and eluted with e t h e r - p e t r o l e u m  ether (1:1). Workup of the eluate gave 8 g of o-(2-pyrrolylketo)benzoic  acid 
(I), with mp 184-185~ which was identical to the compound descr ibed in [1]. Subsequent elution with ben- 
z e n e - e t h y l  aceta te  (4:1) gave 0.8 g of o-(3-pyrrolylketo)benzoic  acid (Ia) with mp 167~ (from water). IR spec-  
t rum:  3190, 1703, and 1605 cm -1 (mineral oil). UV spec t rum,  kmax ( e'103): 206 (16.3), i 250 (10.4), and 
shoulder at  290 nm (5.2). Found: C 65.7; H 4.6; N 6.1%. C12HTNO 2. Calculated: C 67.0; H 4.2; N 6.5%. 

T-(2-Pyrro ly lke to)butyr ic  Acid. The reaction of 3.35 g (5 mmole) of pyr ro le  and 5 g (5 mmole) of suc-  
cinic anhydride by the method descr ibed in [2] gave 3.05 g (35%) of a product with mp 140-141~ (from b e n z e n e -  
pet roleum ether) af ter  purification by reprecipi ta t ion f rom sodium carbonate solution. IR spect rum (mineral 
oil): 3320, 1710, and 1640 cm -1. UV spec t rum,  ~max (e'103): 203 (0.63), sh 256 (0.47), and 287 nm (15.2). 
Found: C 58.0; H 5.8; N 8.0%. CsH~NO 3. Calculated: C 57.8; H 5.4; N 8.4%. 

o-(N-Methyl-2-pyrrolylketo)benzoic  Acid (IVa). A 16-ml (0.017 mole) sample of f reshly  distilled all- 
methyl sulfate was added with heating and s t i r r ing  to a mixture consisting of 2.15 g (0.01 mole) of keto acid I 
in 200 ml of acetone,  20 g of KOH, and 50 ml of water ,  af ter  which the mixture was heated for  another 20 rain. 
The solvent was then removed by vacuum disti l lation, and the aqueous solution was extracted with ether.  The 
solvent was removed by distil lation, and the res idue  was applied to a column filled with si l ica gel.  Elution 
with e t h e r - p e t r o l e u m  ether (1:1) gave 1.48 g (70%) of methyl es ter  IVb with mp 67~ IR spect rum (mineral 
oil): 1735 and 1640 cm -1. Refluxing with 10% aqueous NaOH solution and subsequent acidification gave IVa, 
with mp 183~ (from aqueous isopropyl alcohol),  in 75% yield. The data f rom the IR and UV spect ra  a re  p re -  
sented in Table 1. Found: C 68.2; H 5.3; N 6.5%. C13HllNO 3. Calculated: C 68.1; H 4.8; N 6.1%. 

T-(N-Methyl-2-pyrroly lketo)butyr ic  Acid. The methylation of 1.47 g (8.7 mmole) of 7- (2-pyrro ly lke to) -  
butyric  acid with dimethyl sulfate under the conditions descr ibed above gave 0.8 g (50%) of the N-methylated 
acid with mp 107~ (from b e n z e n e - p e t r o l e u m  ether).  IR spec t rum (mineral oil): 1700 and 1650 cm -1. UV 
spec t rum,  ~max ( e'103): 203 (0.69), sh 256 (0.60), and 287 nm (15.9). Found: C 58.9; H 6.0; N 7.4%. CgHllNO 3. 
Calculated: C 59.5; H 6.1; N 7.7%. 

Methyl o- (N-Benzyl -2-pyrro ly lke to)benzoate  (Vb). An ether solution of diazomethane obtained f rom 2.5 
g of N-n i t rosomethylurea  was added to an ether solution of 0.5 g (2.4 mmole) of keto acid Va in 20 ml of abso-  
lute ether ,  af ter  which the solvent was removed by disti l lation, and the res idue was eluted with b e n z e n e - p e t r o l -  
eum ether (1:1) in a column filled with AlzO 3. Workup of the eluate gave 0.25 g (48%) of methyl ester  Vb in the 
form of an oil. IR spec t rum (mineral oil): 1735 and 1640 cm -1. Found: N 4.12%. C20H17NO 3. Calculated: N 
4.38%. 

1-(2-Pyrrolyl)benz[5,6] iso~a~ol=4-one.  A mixture of 1.1 g (5 mmole) of keto acid I, 3.5 g of hydroxyl-  
amine,  and 30 ml of dry pyridine was refluxed for 6 h, af ter  which the solution was poured over a mixture of 
ice and hydrochlor ic  acid,  and unchanged acid I was separated.  The aqueous solution was extracted with ether ,  
and the ether extract  was washed with sodium carbonate solution and water and dried with MgSO 4. Evaporation 
of the solvent gave 0.9 g of  1- (2-pyrro ly l )benz[5 ,6] i soxazol -4-one  with mp 203-204~ (from aqueous methanol). 
IR spec t rum (mineral oil): 3180-3270, 1710, and 166-0 cm -1. UV spect rum,  Xma x (e.103): 234 (4.57) and 269 
nm (4.17). Found: C 6 8 . 3 ( ~  4 . 3 ; N  13.8%. CIzHsN202. Calculated: C 68.0; H 3.7; N 13.2%. 

1-(2-1~rroly l )benzo[5 ,6]pyr ida~in-4-one .  A mixture of 0.53 g (2.4 mmole) of I, 0.5 g of hydrazine 
hydrate,  and 15 ml of ethanol was reflfiked for 6 h, af ter  which it was cooled, and 0.5 g of 1 - (2-pyr ro ly l ) -  
benzo'[5,6]pyridazin-4-one,  with mp 228-229~ (from alcohol), was separated.  IR spectrum (mineral oil): 
3430, 3,360, 1670-1680, and 1590 cm -1. Found: C 68.0; H 4.5; N 19.6%. C12HgN30. Calculated: C 68.2; H4.3; 
N 19.9%. 

1- (N-Ben zyl -2-pyrro ly l )benzo [5,6 ]pyridazin-4-one.  A total of 0.40 g (40%) of 1 -N-benzy t -2 -pyr ro ly l ) -  
benzo[5 ,6]pyr idazin-4-one ,  with mp 263-264~ (from alcohol), was obtained by refluxing 1 g (4.9 mmole) of 
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keto acid Va in 3 ml  of nydrazine hydrate .  IR spec t rum (CHC13): 3420, 1675, and 1590 cm -1. Found: C 73.1; 
H 4.8; N 13.3%. C19H15N30.1/2 H20. Calculated: C 73.5; H 5.2; N 13.5%. 

1 - (2 -Pyr ro ly l )py r idaz in -4 -one .  The reac t ion  of 0.38 g (2.2 mmole)  of a ~/-(2-pyrrolylketo)butyric  acid 
and 1.5 g of hydrazine  hydrate  in 5 ml  of ethanol by the usual  method gave 0.68 g (68%) of 1 - (2 -py r ro ly l )py r i -  
daz in -4-one  with mp 226~ (dec . ,  f r o m  methanol) .  IR spec t rum (mineral  oil): 3320 and 1660 cm -1. Found: 
C 59.1; H 6.1; N 26.0%. CsHgN30. Calculated: C 58.9; H 5.6; N 25.8%. 

o- (2-Pyr ro ly lke to)benzoic  Acid Pseudoethyl  Es t e r  (VI). A 0 .5 -ml  sample  of ethyl ch lorocarbonate  was 
added to a solution of 1.07 g (5 mmole)  of keto acid I in 50 ml of dry  ch lo ro form (or THF) containing 0.7 ml of 
t r i e thy lamine ,  and the mix ture  was s t i r r ed  at r oom t e m p e r a t u r e  for  30 min.  A catalyt ic  amount of anhydrous 
ZnC12 was then added, and s t i r r ing  was continued at  room t e m p e r a t u r e  for  another  2 h. The mix ture  was then 
t rea ted  with wate r ,  and the ch loroform layer  was washed with dilute sodium carbonate  solution and water  and 
dried with anhydrous MgSO a. The solvent was removed  by evapora t ion ,  and the res idue  was applied to a col-  
umn filled with s i l ica  gel and eluted with e t h e r - p e t r o l e u m  ether  (1:1). The f i r s t  f ract ion was worked up to 
give 10 mg of a substance  that was found to be l ac t am II (it was identical  to a genuine sample  [2]). The second 
f rac t ion,  which gave  an intense coloration with E r l i ch ' s  reagent ,  was worked up to give 0.38 g (31%) of VI with 
mp 121~ (from ethanol). The data f r o m  the IR and UV spec t r a  a r e  presented  in Table  1. Found: C 68.6; H 
5.0; N 5.9%. C14H13NO 3. Calculated: C 69,1; H 5.4; N 5.8%. 

o - (N-Benzyl -2 -pyr ro ly lke to )benzo ic  Acid Pseudoethyl  Es t e r  (VII). Under conditions s imi l a r  to those  
descr ibed  above,  2.55 g (8.3 mmole)  of keto acid Va gave  1.8 g (63%) of VII with mp 128-129~ (from alcohol).  
The data f r o m  the IR and Uu spec t r a  a r e  presented  in Table  1. Found: C 75.7; H 5.5; N 3.9%. C21HI~NO 3. 
Calculated: C 75.6; H 5.7; N 4.2%. 

2- (2-Pyr ro ly l )benzolac tone  (IX). A solution of 1.1 g (5 mmole)  of keto acid I in 15 ml of diglyme was 
added at r oom t e m p e r a t u r e  to a solution of 1.5 g of NaBH 4 in 30 ml  of d ig lyme,  and the mix ture  was s t i r r ed  
for 2 h. It was then decomposed with dilute HC1 and extracted with ether .  The ether  ex t rac t  was evapora ted ,  
and the res idue  was applied to a column filled with si l ica gel .  Elution with benzene yielded a f rac t ion  that  
gave an intense blue-viole t  coloration with E r l i ch ' s  reagent .  The solvent was removed  in vacuo,  and the oily 
res idue  began to c rys ta l l i ze  a f te r  t r e a t m e n t  with pe t ro leum ether;  the yield of lactone IX, with mp 112~ 
(from pe t ro leum ether) ,  was 0.54 g (59%). See Table  1 for  the data f r o m  the IR and UV spec t r a .  Found: C 
72.5; H 5.1; N 7.0%. C12H~NO 2. Calculated: C 72.7; H 4.5; N 7.0%. 

2- (N-Methyl -2-pyr ro ly l )benzolac tone  (X). S imi lar ly ,  0.1 g of lactone X, with mp 88-90~ was obtained 
f rom 0.5 g of IVa. IR spec t rum (CHCI3): 1760 and 1610 cm - t .  

0 - (N-Benzyl -2-pyr ro ly lmethy l )benzoic  Acid (VIII). A 6-g sample  of zinc dust  was added to a solution of 
2.5 g (0.3 mmole)  of keto acid Va in 100 ml  of 25% NH4OH containing a catalyt ic  amount of copper sulfate,  and 
the mixture  was refluxed with s t i r r ing  for  10 h with the addition of 50 ml  of ammonium hydroxide every 2 h. 
The zinc dust was then removed  by f i l t ra t ion,  and the f i l t r a te  was acidified with hydrochlor ic  acid to give 1.03 
g (42%) of acid VIII with mp 140-141~ ( b e n z e n e - p e t r o l e u m  ether) .  UV spec t rum,  hma x (e. 103): 206 nm (37.0). 
Found: C 78.7; H 5.7; N 4.8%. C13H15NO2. Calculated: C 78.9; H 5.2; N 4.8%. 

Methyl o - (N-Benzy l -2 -pyr ro ly lme thy l )benzea te .  This  compound [0.gg (87%)], with mp 59-60~ (from 
pet ro leum ether) ,  was obtained by the action of an ether  solution of d iazomethane (from 5 g of N-n i t ro some thy l -  
urea) and 1 g (5 mmole)  of acid VIII.  UV s p e c t r u m ,  }.max (e'103): 212 (32.3) and sh 228 nm (12.7). IR spec -  
t r um (mineral  oil): 1735 cm -1. Found: C 78.6; H 6.5; N 4.1%. C20HI~NO 2. Calculated: C 78.6; H 6.3; N 4.6%. 
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