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3- Indoly la lkylhydroxamic  acids were  obtained and subjected to the Lossen  r e a r r a n g e m e n t  and 
reac t ion  with phenyl i socyanate .  

Hydroxamic  acids a r e  of in teres t  as subs tances  with potent ial  biological  act ivi ty  and as  s ta r t ing  m a -  
t e r i a l s  fo r  the synthes is  of d i ve r s e  de r iva t ives  [2]. We have accompl ished  the synthes is  of some  hydrox-  
amic  acids  of the indole s e r i e s  and have studied some of the i r  p roper t i e s .  

The hydroxamic  acids  we re  obtained in good yields by reac t ion  of acid e s t e r s  with hydroxylamine in 
the p r e sence  of KOH. 
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The Lossen  r e a r r a n g e m e n t  occur red  during the react ion  of  sa l t s  of the hydroxamic  acids with the chlor ides  
of s t rong acids [3]. Thus, N ,N ' -d i ska ty lu rea  {IIIa) is fo rmed  on t r ea tmen t  of po tass ium 3- indoly laee tohy-  
d roxama te  (I) with p- to luenesul fonyl  chloride in pyridine;  the reac t ion  p roceeds  s i m i l a r l y  with 4-(3-indolyl)  
butanohydroxamic  acid. However,  in the case  of po ta s s ium 3-(3- indolyl)propiohydroxamate ,  in addition to 
the s y m m e t r i c a l  u r e a  (IIIb), the product  of the reac t ion  of 2 moles  of the initially fo rmed  2-(3- indolyl)ethyl  
i socyanate  with 1 mole  of hydroxamic  a c i d -  N,O-bis [2- (3- indoly l )e thy lcarbamoyl ] -N-[3- (3- [ndoly l )prop i -  
only]hydroxylamine (IV) - can be isolated.  The fo rma t ion  of a product  of this type was p rev ious ly  obse rved  
in the Lossen  r e a r r a n g e m e n t  with benzhydroxamic  acid [4]. 
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The s t r u c t u r e  of s y m m e t r i c a l  u r ea s  Ilia, IIIb, and IIIc was es tabl i shed on the bas i s  of spec t ra l  data  
and a compar i son  with authentic s amples .  The  s t ruc tu re  of IV is in good a g r e e m e n t  with the r e su l t s  of e le -  

* See [1] for  communica t ion  IA'XXIII.  
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m e n t a r y  analys is ,  the IR spect ra ,  and the chemica l  p rope r t i e s .  Thus the IR spec t rum of this subs tance  con- 
ta ins  absorp t ion  bands at 1690, 1730, and 1750 cm -1, which cor respond  to th ree  C=O groups.  S y m m e t r i c a l  
u r e a  IIIb is fo rmed  on heating and hydro lys i s  of IV; this is c h a r a c t e r i s t i c  for  compounds of this type [4]. 

We a lso  c a r r i e d  out the reac t ion  of hydroxamic  acids with phenyl i socyanate  and isolated a number  
of O - c a r b a m o y l  de r iva t ives  of hydroxamie  acids  of the indole s e r i e s  (V). 
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The s t r u c t u r e  of the c a r b a m o y l  de r iva t i ve s  of the hydroxamic  acids is in good ag reemen t  with the r e su l t s  
of e l e m e n t a r y  ana lys i s  and the IR spec t r a .  

E X P  E RI1Vi E N T A  L 

The IR spe c t r a  of m i n e r a l  oil suspensions  of the compounds were  r eco rded  with a UR-10 s p e c t r o m -  
e ter .  

3 - (3- Indoly l )propiohydrexamie  Acid (fib). A solution of 18.55 g (0.331 mole)  of KOH in 50 ml  of me th -  
anol, p r e p a r e d  by refluxing and cooling to 40 ~ was added to a solution of 15.85 g (0.23 mole) of hydroxyl-  
amine  hydrochlor ide  in 85 ml  of methanol ,  p r e p a r e d  in the same  manner .  The mix tu r e  was  cooled to 10 ~ 
and 21.5 g (0.099 mole)  of ethyl  3-(3- indolyl)propiormte was added with v igorous  s t i r r ing .  The p rec ip i t a te  
was r emoved  by f i l t ra t ion  and washed with methanol .  The f i l t ra te  was allowed to stand at 20 ~ fo r  18 h. The 
methanol  was r emoved  by  vacum~n dist i l lat ion,  and the res idue  was washed s eve ra l  t imes  with ether ,  t r i t -  
ura ted  in 50 ml  of water ,  and acidif ied with acet ic  acid to pH 6. The mix tu re  was allowed to stand at 5 ~ 
fo r  2 h, and the prec ip i ta te  was r em oved  by f i l t ra t ion and washed s e v e r a l  t imes  with cold wa te r  to g i v e l 7 . 8 g  
(85%) of a product  with mp 155-156 ~ (from water) .  Found: C 64.9; H 5.8; N 13.8%. CllH12N202. Calculated: 
C 64.7; H 5.9; N 13.7%. IR spectrum: 1645 (C=O); 3190, 3400 (NH, OH) cm -I. 

3-1ndolylacetohydroxamie Acid (IIa). This compound, with mp 126-127 ~ (from water) (rap 126-127 ~ 
[5]), was similarly obtained in 85% yield. 

4-(3-1ndolyl)butanohydroxamie Acid (]Ic). This compound, with mp 123-124 ~ (from water), was simi- 
larly obtained in 72.5~0 yield. Found: C 66.3; H 6.2; N 12.8%. CI2HI4N202 . Calculated: C 66.0; H 6.4; N 
12.8%. IR spectrum: 1638 (C=O), 3190, 3410 (NH, OH) cm -i. 

Reaction of 3-(3-Ind01yl)propiohydroxamic Acid with p-Toluenesulfonyl Chloride. A solution of 2.8 g 
(14.8 mmole) of p-toluenesulfonyl chloride in 15 ml of pyridine was added with stirring in the course of 15- 
20 rain to a solution of 3.6 g (14.8 mmole) of potassium 3-(3-indolyl)propiohydroxamate in 25 ml of dry pyri- 
dine, after which the mixture was allowed to stand at room temperature for 1 h. The dark-red solution was 
poured into 700 ml of cold water, and the aqueous mixture was allowed to stand for 2 days. The precipitated 
crystals were removed by filtration, washed with water, and dried. The resulting mixture of substances 
was separated by chromatography with a column packed with AI203 with successive elution with ethyl ace- 
tate-hexane (7 : 3) and ethyl acetate to give 1.2 g (42.1%) of IV with mp 137-139 ~ (from absolute alcohol), 
which decomposes to give EIb. Compound IV has Rf 0.52 during chromatography in a thin layer on Silufol 
plates in ethylacetate-hexane (4:1). Found: C 69.0; H 5.6; N 14.6%. C33H32N604. Calculated: C 68.7; 
H 5.5; N 14.67o. IR spectrum: 1690, 1728, 1750 (C=O); 3250, 3390, 3430 (NI-I) cm-l; also obtained was0.55g 
(21.4%) of urea IIib with mp 157-158 ~ (from alcohol) (rap 157 ~ [6]). The latter has l ~  0.25 during chromatog- 
raphy in a thin layer on Silafol plates in ethyl acetate-hexane (4 : i). Found: JC 73.1; H 6.6; N 16.4%. 
C21H22N40. Calculated: C 72.9; H 6.4; N 16.2%. IR spectrum: 1620 (C=O); 3340, 3420 (urea NH, indole 
NH) cm -i. 

Reaction of 3-Indolylacetohydroxamic Acid with p-Tolaenesulfonyl Chloride. The reaction and isola- 
tion of the products were carried out similarly to give 1.5 g (47.8%) of urea Ilia with mp 196-198 ~ (from 
alcohol) and Rf 0.25 by chromatography ir~ a thin layer on Silufol plates in ethyl acetate-hexane (4 : 1). 
Found: C 71.5; H 5.4; N 17.5%. CIgHIsN40. Calculated: C 71.7; H 5.6; N 17.6%. IR spectrum: 1615 (C=O); 
3350, 3390 (N-H) em -1. 

React ion of 4- (3-Indolyl )butanohydroxamic  Acid with p-Toluenesulfonyl  Chloride.  The reac t ion  and 
isolat ion of the products  were  c a r r i e d  out s i m i l a r l y  to give 1.7 g (38.58%) of N,N ' -b i s [4 - (3 - indo ly l )p ropy l -  
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u r e a  (]]Ic) with mp 125-126 ~ (from ethyl aceta te)  and Rf  0.22 by chromatography  in a th in  l aye r  on Silufol 
p la tes  in ethyl a c e t a t e - h e x a n e  (4:1) .  Found: C 73.7; H 6.6; N 14.8%. C23H26N40. Calculated: C 73.8; H 
6.9; N 14.9%. IR spec t rum:  1615 (C=O); 3310, 3360, 3390 (b/I-I) cm -1. 

Hydro lys i s  of IV. A 0.95-g sample  of IV was dissolved in a sma l l  amount of alcohol, and the solution 
was mixed  with 1 N aqueous alcoholic alkali .  The  mix tu re  was ref luxed fo r  1.5 h and then diluted with w a t e r  
until  turbidi ty  was produced.  The prec ip i ta ted  c r y s t a l s  we re  r emoved  by f i l t rat ion,  washed with w a t e r ,  and 
dr ied  to give 0.37 g of u r e a  IIIb with mp 157-158 ~ (from absolute  alcohol). No mel t ing-point  depress ion  was 
observed  fo r  a m i x t u r e  of this product  with u r e a  IIIb obtained by Lossen  r e a r r a n g e m e n t .  

O- (N-Pheny lca rbamoyl ) -3 - indo ly l ace tohydroxamic  Acid (Va). A 0.313-g (2.63 mole)  s ample  of phenyl 
i socyana te  was added dropwise  at 20 ~ to a solution of 0.5 g (2.63 mmole )  of 3- indoly lace tohydroxamic  acid 
in 10 m l  of anhydrous acetone,  and the m i x t u r e  was s t i r r ed  for  10 min.  The solvent was  r emoved  by dis t i l -  
lation, and the res idue  was ch romatographed  with a column filled with s i l ica  gel (the ra t io  of sorbent  to sep -  
a r ab le  mix tu re  was 40:  1) with elution with ethyl a c e t a t e - h e x a n e  (3 : 7). The yield of product  with mp 142- 
143 ~ (from ethyl  a c e t a t e - h e x a n e )  was 0.77 g (95%). Found: C 66.5; H 4.9; N 13.6%. CiTHisN303. Calculated: 
C 66.7; H 4.8; N 13.6%. IR spec t rum:  1670, 1770 (C=O); 3140, 3400 (NI-I) cm -i .  

O- (N-Pheny lca rbamoyl ) -3 - (3 - indo ly l )p rop iohydroxamic  Acid (Vb). This  compound, with mp 144-145 ~ 
(ethyl a c e t a t e - h e x a n e ) ,  was  s i m i l a r l y  obtained in 97% yield.  Found: C 66.7; H 5.2; N 13.1%. C18H17N303. 
Calculated: C 66.8; H 5.3; N 13.0%. IR spec t rum:  1671, 1772 (C=O); 3135, 3400 (lXrft) cm -1. 

O- (N-Pheny lca rbamoyl ) -4 -  (3-indolyl)butanohydroxamic Acid (Vc). This  compound, with mp 135-137 ~ 
(from ethyl a c e t a t e - h e x a n e ) ,  was s i m i l a r l y  obtained in 95% yield. Found: C 67.0; H 5.5; N 12.3%. C~HtgNsO 3. 
Calculated: C 67.6; H 5.6; N 12.4%. IR spec t rum:  1662, 1750 (C=O); 3165, 3410 (NH) cm -1. 
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