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I -  Benzoyl-  3 -benzamido-  3- (3- indolylmethyl)pyrrol id ine-2 ,4-dione  was obtained instead of an 
alkylat ion product  in the alkylation of 2-phenyl -5-oxazolone  with g ramine  methylmethosulfonate .  
The reac t ion  p roceeds  via initial  autocondensat ion of the oxazolone under  the influence of 
sodium hydride  to give 1 -benzoy l -3 -benzamidopyr ro l id ine -2 ,4 -d ione .  Alkylation of the l a t t e r  
with g ramine  methylmethosul fonate  leads to 1 -benzoy l -3 -benzamido-3- (3 - indo ly lmethy l ) -  
py r ro l id ine -2 ,4 -d ione ,  the alkal ine hydro lys i s  of which gave 3 -benzamido-3- (3- indo ly tmethy l ) -  
py r ro l id ine -  2,4- dione. 

Up until r ecen t ly ,  the re  was no informat ion  in the l i t e ra tu re  regard ing  the alkylation reac t ions  of 2- 
phenyl -5-oxazolone  (I) (azlactone). In 1974 an a t tempt  was made to alkylate  the azlactone with benzyl  halides 
in o r d e r  to obtain amino acids [2]; this a t tempt  led to the usual ly  undes i red  products  of dialkylation of hip- 
pur ic  acid. 

tn o r d e r  to synthes ize  t ryptophan we made  an a t tempt  to alkylate  azlactone ! with g ramine  me thy l -  
methosulfonate  (I) in dimethyl  sulfoxide (DMSO) in the p r e s e n c e  of sodium hydride.  Two subs tances ,  which, 
according to the r e su l t s  of e l e m e n t a r y  analys is  and the m a s s  spec t r a l  data could not have the s t ruc tu re s  of 
products  of alkylation of the azlactone (III) o r  of hydro lys i s  of the l a t t e r -  the cor responding  hippuric  a c i d -  
w e r e  obtained when the reac t ion  mix tu re  was mainta ined at 20~ for  12-15 h~ 
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The f i r s t  compound has a doubled (with r e spec t  to the azlactone) mo lecu l a r  weight (322 by m a s s  spec t ro -  
met ry)  and an enol hydroxyl  group (posit ive reac t ion  with FeC13) and does not contain an indole ring. The UV 
s p e c t r a  of this compound and the azlactone differed marked ly  f rom one another  (Fig. 1). This substance 
vanishes  when the reac t ion  t ime  in the alkylat ion of the azlactone is inc reased  to 48 h, and it is conver ted to 
the second compound, which we obtained d i rec t ly  f rom the azlactone,  in the case  of alkylation with methylsu l -  
fosulfonate II under  s i m i l a r  conditions. The second substance does not give a colorat ion with FeC13 and, 
according to the m a s s  and PMR spec t r a l  data,  contains an indole ring. The UV spec t r a  of the two substances  

�9 i so la ted  f rom the reac t ion  a re  s i m i l a r  to one another  (Fig. 1)~ 

We es tab l i shed  that  a subs tance  with mp 138 ~ that does not contain an indole r ing is  obtained f rom the 
azlactone in DMSO in the p r e s e n c e  of sodium hydride  and thus is the produc t  of autocondensation of the 
oxazolone.  

According to the l i t e r a tu re  data,  a subs tance  with a mo lecu l a r  weight of 322 and mp 138 ~ was obtained 
f r o m  hippur ic  acid [3] and i ts  de r iva t ives ,  including the azlactone [4]. The p rob l em of i ts  s t ruc tu re  was dis-  

*See [1] for  communicat ion  [1]. 
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Fig. 1. UV spectra (in alcohol): 
1) I; 2) VI; 3) VIII; 4) IX (c 10 -5 
M). 

cussed  but r ema ined  unsolved [5, 6]. Rughe imer ,  who was the f i r s t  to obtain this compound [3], p roposed  a 
cyclobutanedione der iva t ive  s t ruc tu re  (V) or  a pyr ro l id ine -2 ,4 -d ione  s t ruc tu re  (VI) for  it ,  and r ega rded  the 
l a t t e r  s t ruc tu re  as being the m o s t  l ikely one. 

O 

C 6 H s C O H N . _ ~ N  HCOC~H 5 C6tlsCOHN\ ; 0  

COC~H~. 

V V! 

An a t tempt  by Cornfor th  and Huang [6] to p rove  the s t ruc tu re  of this compound by " a l t e r n a t i v e "  synthesis  
f r o m  3 -benzamidopyr ro l id ine -2 ,4 -d ione  was unsuccess fu l .  Cyelobutanedione s t ruc tu re  V e o u l d n o t b e  r e j e c t e d f o r  it. 

The compound with mp 138 ~ that we synthes ized was found to be ident ical  to R u g h e i m e r ' s  substance,  
which we also  obtained by "a l te rna t ive"  synthes is .  An examinat ion of the m a s s  and PMR spec t r a  of this 
compound solves  the p r o b l e m  of i ts  s t ruc tu re  in favor  of s t ruc tu re  VI. I ts  m a s s  spec t rum contains a r a t h e r  
intense m o l e c u l a r  ion peak  with a m a s s  of 322. The m a x i m u m  peak in the spec t rum i s  the peak  of a f r agment  
ion with m / e  105, which conf i rms  the p r e s e n c e  of a benzoyl  f ragment .  The peaks  of f r agment  ions with m a s s e s  
of 2 1 7 , 1 8 9 , 1 8 8 , 1 7 4 ,  and 77 a r e  somewhat  less  intense.  

~r -C11|19N20~' m e  I11~, 
"$ 2"2 

I -COC~H,~  

-CO Ci )H9 N20... . . . .  role 18!~ 
r ~ t e  21"; 

t -HCO 
- C H ~  

ni le  1 8 ~  - -  : rote 174 

-CO. me ';'; 

According to the PMR s p e c t r a  of solutions in CDC1 a, CsDsN, CF3COOD , and d6-DMSO , the compound has 
the s t r u c t u r e  of an i n t r am o l ecu l a r  chelate (VII). The signal of the protons  of the CH 2 group is obse rved  

Ct~ H,,,CO H N " - T ~ O  

0 / ~ N  / 
H C--C:H:: 

o// 
VII 

as a singlet  at 4.48 ppm (in CDC13). The mul t ip le ts  at 7.25-7.95 ppm cor respond  to the pro tons  of phenyl 
r ings;  the s ignals  of the NH and OH pro tons  a r e  broad  s inglets  at 8.05 and 12.57 ppm,  respec t ive ly .  
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The IR spec t rum  of VII contains the broad  band of assoc ia ted  OH bonds at 2300-2700 cm -1 that is 
cha r ac t e r i s t i c  for  the enol fo rm of f l-diketones.  

On the bas i s  of the m a s s  and PMR spec t r a  in d6-DMSO , as well  as the above- indica ted  data ,  the product  
that  we isola ted  in the alkylation of the azlactone with methylmethosul fonate  II has  a 1 -benzoy l -3 -benz imidazo-  
3- (3- indoly lmethyl )pyr ro l id ine-2 ,4-d ione  s t ruc tu re  (VIII). 

N H COC 6 H~ N H COC 6 H 5 

DMSO 
H I N g 

COC~H~ 

VI | I  |X 

The m a s s  s p e c t r u m  of VIII does not contain a mo lecu l a r  ion peak,  but the peaks  of f r agmen t  ions with 
m a s s e s  of 3 2 1 , 2 1 6 , 1 0 5 ,  and 77 conf i rm the p r e s e n c e  of a subst i tuted pyr ro l id ine  r ing,  the f ragmenta t ion  of 
which p roceeds  in the same  way as in the case  of VI. In addition, the re  a r e  peaks  with m a s s e s  of 130,129,  
128, and 103, which conf i rm the p r e s e n c e  in the compound of a 3- indolylmethyl  grouping. 

Thus the imposs ib i l i ty  of obtaining a product  of alkylat ion of the azlactone in this case  is  a s soc ia ted  
with the case  of i ts  autocondensat ton : to give VI, which subsequently is alkylated by methylmethosul fonate  II. 

Like VI, in alkal ine media  skatylpyrrol id inedione VIII re ta ins  i ts  cyclic  s t ruc tu re ,  losing only the 
benzoyl group and undergoing convers ion to IX. 

EXPERIMENTAL 

The IR spectra of mineral oil suspensions of the compounds were recorded with a UR-10 spectrometer. 
The UV spectra of i0 -s M alcohol solutions of the compounds were recorded with an SF-4 spectrophotometer. 
The PMR spectra of the compounds were recorded with a JNM-MH-100 spectrometer with tetramethylsilane 
as the internal standard. The mass spectra were recorded with an MKh-1303 spectrometer with direct in- 
troduction of the samples into the ion source at an ionizing-electron energy of 50 eV and a cathode emission 

current of 1.5 mA. 

Alkylation of 2-Phenyl-5-oxazolone with Gramine Methylmethosulfonate. A suspension of 0.03 g (1.5 
mmole) of sodium hydride in mineral oil was added to a solution of 0.24 g (1.5 mmole) of 2-phenyl-5-oxazolone 
in 15 ml of DMSO, and the mixture was stirred and treated with 0.45 g (1.5 mmole) of gramine methylmetho- 
sulfonate and allowed to stand at room temperature for 12-15 h. It was then diluted with water and acidified to 
pH ~ 3-4 with 5% HCI solution. The precipitate was removed by filtration and washed successively with water 
(the aqueous filtrate was allowed to stand) and alcohol-petroleum ether to give 0.24 g (71%) of dibenzoyl 
deifivative VIII with mp 241-242 ~ (from alcohol). PMR spectrum (d6-DMSO): 5 3.43 and 4.32 (J~ 18 Hz, q, 
pyrrolidine ring CH 2), 3.46 and 3.54 (J~ 14 Hz, q, skatyl CH2); 6.85-7.85 (m s aromatic protons), 9.28 and 10.75 
ppm (s, NH). IR spectrum, u, cm-l: 1550 s, 1590 m (CONH), 1630 s, 1705 (CON (.), 1745 (C=0), 2600-2800 w 

(associated OH), 3080 m, 3290 s br (NH), and 3380 s (indole NII). Found: C 72.0; H 4.9; N 9.3%. 

C27H21N304. Calculated: C 71.8; H 4.7; N 9.3%~ 

The aqueous filtrate was extracted with ether and ethyl acetate, and the ether extracts were combined, 
washed with water, dried with MgSO4, and evaporated to give an oil, which crystallized on standing or when 
petroleum ether was added. The yield of VI was 0.05 g (24%). Crystallization of VI from alcohol gave the 
hydrate with mp 85-87 ~ Found: C 65.2; H 4.6; N 8.4%. 2CIsHI4N204"H20. Calculated: C 65.3; H 4.5; N 8.5%. 
A product with mp 138-139 ~ [3] was obtained after the hydrate was dried in vacuo at 60 ~ for 10-12 h. No melt- 
ing-point depression was observed for a mixture of this product with a sample obtained by the method in [4]. 
IR spec t rum v,  era- l :  1560 s~ 1580 m (CONH), 1610 m ,  1675 s (CON ( . ) ,  1720 (C=O),  2600-2750 b r  w (assoc i -  
ated OH), 3080 m ,  3380 b r  m ,  and 3500 b r  m (NH). Found: C 67.3; H 4.5; N 8.7%; M 322 (mass  s p e c t r o m e t r i c -  
ally}. C18H1yN204. Calculated: C 67.1 ;  H 4.4; N 8.7%. 

l _Benzoy l -3 -benzam i do -3 -  (3- indolylmethyl)py~rol idine-2,4-dione (VIII). A) This  compound was obtained 
f rom 0.2 g (1.2 mmole)  of 2 -phenyl -5-oxazo lone ,  0.02 g (1.2 mmole)  of sodium hydride (suspension in oil), and 
0.31 g (1.2 mmole)  of g ramine  methylmethosul fonate  in 15 ml  of DMSO by the method descr ibed  above. The 

reac t ion  t ime  was 48 h, and the yie ld  was 0.25 g (91%). 

B) A 0.49-g (73%) sample  of VIII was s i m i l a r l y  obtained f rom 0.48 g (t .5 mmole)  of pyr ro l id inedione  VI, 
0.03 g (1.5 mmole)  of sodium hydride  (suspension in oil), and 0.45 g (1.5 mmole)  of g ramine  methy lmethosu l f -  

3 8 4  



onate in 20 ml  of D1VfSO, the reac t ion  t ime  was 12 h and the product  had mp 241-243 ~ (from alcohol).  No 
mel t ing-poin t  depress ion  was obse rved  fo r  a mix tu re  of this product  with VIII obtained f rom 2-phenyl -5-  
oxazolone.  

1 - B e n z o y l - 3 - b e n z a m i d o p y r r o l i ~ n e - 2 , 4 - d i o n e  (VD. This compound was obtained f r o m  0.24 g (1.5 mmole)  
of 2 -phenyl -5-oxazo lone  and 0.03 g (1.5 mmole)  of sodium hydride  {suspension in oil) in 15 ml  of DMSO in 
analogy with the method p re sen t ed  above.  Workup gave 0.2 g (83%) of a product  with mp 137-138 ~ af ter  drying 
in vacuo at 60-70 ~ fo r  10 h. No mel t ing-poin t  depress ion  was obse rved  for  a mix tu re  of this product  with VI 
obtained by alkylat ion of azlactone I. 

3 -Benzamido-3- (3 - indo ly lmethy l )pyr ro l id ine -2 ,4 -d ione  (IX). A 0.25-g (0.55 mmole)  sample  of p y r r o l -  
idinedione VIII was dissolved in 15 ml  of absolute  methanol  to which 1 mg of sodium meta l  had prev ious ly  
been added, and the mix tu re  was allowed to stand at  room t e m p e r a t u r e  overnight .  The resul t ing  solution was 
acidif ied to pH ~ 4-5 with 5% hydrochlor ic  acid,  and the excess  alcohol was evapora ted  until the product  began 
to c rys t a l l i ze .  The p rec ip i t a t e  was r emoved  by f i l t ra t ion and washed with aqueous alcohol to give 0.17 g (89%) 
of IX with mp 252-253* (f rom aqueous alcohol).  PMR spec t rum (C~DsN), 5 : 3 . 0 5  and 4.08 (J = 17.2 Hz, q, 
pyr ro l id ine  r ing CH2), 3.75 and 3.94 (J = 13 Hz, skatyl  CH2), 6.95-8.10 (m, a roma t i c  pro tons) ,  9.00, 10.07, and 
11.72 (s, NH). IR s p e c t r u m ,  v,  cm- l :  1540 s,  1580 m (CONH-) ,  1600 m,  1635 s (CON/_.), 1710-1720 s ,  1780 m 
(C=O}, 2600-2800 w (associa ted  OH), 3080 m ,  3270-3350 b r  s (NH), and 3420 m (indole NH). Found: C 68.8; 
H 5.2; N 12.3%. C20H17N303. Calculated: C 69.2; H 4.9; N 12.1%. 
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