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We synthes ized a s e r i e s  of 2-hydroxy(alkoxy)acetyl indoles ,  2-indolylethylene glycols,  and the i r  
e the r s  in connection with the biological  act ivi ty of some 3-hydroxyace ty l  indoles [1-3]. 

The 2-ace toxyace ty l  indoles (II) a re  obtained by decomposing diazoketones (I) in acetic acid, and the 
acid hydro lys i s  of the f o r m e r  yields  2-hydroxyacetyl indoles  (III) (Table 1). We fai led to isolate  III during 
the alkaline hydro lys i s  of 2-haloacetyl indoles  or  d i rec t ly  by the hydro lys i s  of I. 
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If the decomposi t ion  of I is Car r ied  out in alcohols at 30-60~ in the p resence  of boron t r i f luor ide  
e thera te ,  2-a lkoxyacety l indoles  (IV) a re  obtained (see Table 1). The e the r s  IV are  also fo rmed  during the 
t h e r m a l  decompos i t ion  of I in alcohols in the p resence  of copper .  If the pyro lys i s  of I is c a r r i e d  out in 
benzene with phenol or  thiophenol, the reac t ion  proceeds  with cons iderable  res in i f ica t ion .  We succeeded 
in isolat ing the phenoxy-  and phenthioxyketones (V and VI) by this route ,  but with a low yield. 

2-Acyl indoles  in the p resence  of s t rong acids can be i s o m e r i z e d  to 3-acylind01es [4,5]. We did not 
obse rve  the fo rma t ion  of the i s o m e r i c  3-acyl indoles  during the synthes is  of I, III, and IV. 

The C--~O (1685-1640 c m  -1) and N'--H (3350-3250 cm -1) absorpt ion bands for  the 2-acyl indoles  are  
shifted toward higher  f requencies  because  of the l e s s e r  conjugation of the r ing  with the carbonyl  group;  
this had been mentioned prev ious ly  [6,7]. In addition, the over lap  of the v ibra t ion  bands of the C = O  and 
C ~-C bonds is c h a r a c t e r i s t i c  for  the 3-acyl indoles  because  of the anomalously  low frequencies  of the 
C ~ O  group.  A band in the 1620-1610 cm -1 region which can be at t r ibuted to the C = C vibra t ions  of the 
r ing appears  in the s p e c t r a  of the 2-acyl indoles .  There  is p rac t i ca l ly  no change in i ts  posi t ion (1620 and 
1618 cm -1, respec t ive ly)  in the t rans i t ion  f r o m  2-ace ty l  to 2-thioacetyl indole (VIII) which we obtained f rom 
2-acetyl indole  (VII) and phosphorus pentasulf ide.  

The fo rma t ion  of t r i cyc l i c  s t r u c t u r e s  through in t r amolecu l a r  cycl iza t ion could be expected during 
the decomposi t ion of I in allyl alcohol.  
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However, the IR and PMR spect ra  of the c o m -  
pounds obtained f rom Ia and Ic during their  decom- 
position in allyl alcohol cor responded to s t ruc tures  
IVj and IVk (see Table 1). 

-Bands for the stretching vibrations of NH (3225 
cm -1) and C = O  (1670 and 1642 cm -i,  respectively)  
occur red  in the IR spec t ra  of compounds IVj and IVk. 
The PMR spect rum of IV* in t r ichloroacetoni t r i le  
also cor responded to the allyl oxyketone s t ructure  by 
the presence of signals f rom the olefinic protons of 
the allyl group (sixteen signals f rom protons bc 5 6.4 
ppm, octets f rom protons c, d, a, with 6 5.45, 5.67, 
and 4.37 ppm, respect ively;  Jbd ~ 16 Hz; Jbc ~ 10 
Hz; Jab ~ 6 Hz; Jac ~ Jad ~ Jbc ~ i Hz). 

Ketones IV (R = H )  are alkylated with dimethyl-  
sulfate or alkyl halides with respec t  to the ring ni t ro-  
gen. But in contras t  to the 3-acylindoles,  the alkyla- 
tion proceeds only under drast ic  conditions and with 
a low yield. 

It is known that 3-(benzyloxyacetyl)indole is con-  
verted into 3-hydroxyacetylindole with the elimination 
of the benzyl group [8] by boiling it with Raney nickel. 
The analogously s t ruc tured  2 - i somer  (IVh) is not de-  
benzylated at room tempera tu re  by Raney nickel, but 
when heated in alcohol (45-55~ the reduct ion of the 
keto group and the hydrogenolysis  of the c a r b o n -  
oxygen bond f rom the side adjacent to the keto group 
took place.  At this t ime, the known 2-ethylindole (IX) 
[9] and 2-(2-hydroxyethyl)indole (X) were isolated. 

Evidently, debenzylation of s t ruc tures  of the 
type IVh takes place but the hydroxyketone obtained 
IIIa (which was confirmed by a separate  experiment) 
is reduced to IX and X under these conditions. 

OOH 3 CHIOH 3 
' / H VH H IX 

~ O 0 0 H z  ,,, ~ ~ OHzGHIOH 
H IIIa or IVh H X 

H~OOH~ ~ ~ "CH~OH~OCH~ 
IVc XI 

Compound IX was s imi la r ly  obtained from 
ketone VII. When the benzyloxy group was subst i -  
tuted by a methoxy group, only the reduction of the 
oxo group to a methylene group with the formation of 
2-(methoxyethyl)indole (XD takes place.  

There  are data on the reduct ion of the 2-acyl  
group with lithium aluminum hydride for some indole 

*The chemical shifts of the protons were determined 
within the first order of approximation. 
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alkaloids [10, 11]. Alcohols  a re  usual ly  fo rmed he re  [12,13], 
but ins tances  of reduct ion to the methylene group are  known 
[14]. It was shown that  prolonged boiling of ketone VII in 
e ther  or  t e t r ahydrofu ran  with excess  l i thium aluminum 
hydride leads to methyl-(2- indolyl)  carb inol  (XII). The r e -  
duction of the carbonyl  group for  other 2-acyl indoles  which 
do not conta in  an alkyl group in posi t ion 3 p roceeds  analogous-  
ly. Only carb inols  a re  fo rmed  both in e ther  (Table 2) and in 
t e t r ahydrofu ran .  Thus,  we obtained the cor responding  glycols  
(XIIIa and XIIIb) f r o m  ketones  IIa  and IIb, I l ia  and IIIb, and 
the monoe thers  of the glycols  (XIV} f rom the alkoxy ketones  
IV. If posi t ion 3 is subst i tuted by a methyl  group, the c o m -  
ple te ly  reduced  products  a re  fo rmed  along with the alcohols 
in low yield during prolonged boiling in t e t r ahydrofu ran .  
Thus,  ca rb inol  XIVc and XI are  obtained f rom ketone IVc 
with a yield of 5%. Using thin- layer  chromatography ,  we 
succeeded in showing that  3-methyl -2-e thoxyethyl indole  is 
also fo rmed  during the reduct ion of IVi. 

The O,O-diace ta tes  (XV and XVI) were  obtained by 
acylating glycols  XIIIa and XIIIc with acetic anhydride in 
pyr id ine .  The v ibra t ion  bands of the unassoc ia ted  hydroxy 
groups  in the IR s p e c t r a  of X, XII, and XIII are  located in the 
3618-3625 cm -1 region.  A second band (bonded OH) with ~ = 
3590-3593 cm -1 appea r s  for glycols  XIII because  of the weak 
in t r amolecu la r  hydrogen bonds between the hydroxyl  groups.  
The hydroxyl  band for  glycol e the r s  XIV appears  in the 3585- 
3592 c m  -1 region,  i .e. ,  the protons of the hydroxyl  groups 
are  assoc ia ted  comple te ly  because  of the i r  in te rac t ion  with 
the p - e l e c t r o n s  of the oxygen in the alkoxy groups .  The pos i -  
t ion of the NH vibra t ion bands p rac t i ca l ly  does not change 
(3468-3472 cm -~) for  all the indo ly l -2 -ca rb ino l s  (X, XII-XIV), 
which con f i rms  that there  are  no in t r amolecu la r  in terac t ions  
between the ni t rogen proton and the hydroxyl  groups .  

The invest igat ion of the pharmaco log ica l  act ivi ty  (on 
white mice) showed that  within 1 h af ter  the i r  in t raper i tonea l  
inject ion in doses  equal  to ~ of the LDs0 , substances  III and 
IV prove  to have a depress ing  effect  on the cen t ra l  nervous 
s y s t e m  of the mice ,  cause  a cons iderable  (up to 6~ drop in 
the r ec t a l  t e m p e r a t u r e ,  d isrupt  the coordinat ion of m o v e -  

m e n t s ,  and inc rease  by 11/2 to 2~/2 t imes  the du ra t i ono fch lo ra l  
hydrate  s leep.  Substances  III and IV have low toxicity:  the 
in t raper i tonea l  LD~o c o m e s  to 350-1000 m g / k g .  The c o m -  
pounds which have a methyl  group in posi t ion 3 of the r ing 
p o s s e s s e d  a m o r e  e x p r e s s e d  act ivi ty.  The suscept ib i l i ty  of 
mice  toward the convulsive action of Corazo l  d e c r e a s e s  
against  the background of IVc and IVg. Weakly e x p r e s s e d  
cen t ra l  ant isera tonin  p rope r t i e s  a re  e x p r e s s e d  by IIIc and 
IIId. 

The ant ibac ter ia l  act ivi ty of the compounds obtained 
was evaluated in vi t ro  in re la t ion  to the following spec ies  of 
m i c r o o r g a n i s m s :  s taphylococcus ,  s t rep tococcus ,  pneumo-  
coccus ,  intes t inal  sa lmonel la ,  dysen te ry ,  diphtheria ,  Bacil lus 
pyocyaneus ,  15roteus, anthracoid o rgan i sms  ; a lso s t ra ins  of 
tuberculosis mycobacteria: HsTRV and Academia. 
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The minimum bacteriostatic concentration (MBC) versus pyogenic cocci and the intestinal typhoid- 
dysentery group of bacteria came to 200 #g/ml or more for all the compounds, The MBC in relation to 
certain species of Gram-positive and Gram-negative bacteria was 12-50 #g/ml only for compounds IIIc 
and IV. The majority of the compounds possess average antitubercular activity (MBC = 16-500 mg/ml) 
in relation to both strains of mycobacteria used, whereby their activity does not substantially depend on the 

presence of whey in the culture medium. 

E X P E R I M E  NTA L 

The IR spec t ra  of II-IV, VII, and VIII were run on a UR-10 inst rument  as minera l  oil mulls ,and of 
X-XIV in carbon te t rachlor ide  (0.005 m o le / l i t e r ) .  

The synthesis of diazoketones I was previously descr ibed [16-18]. 

2-Acetoxyacetyl indoles  (II). A mixture of 0.01 mole of I and 30 ml of glacial  acetic acid was heated 
at 45-50~ until the evolution of ni trogen ceased.  The mixture was cooled and diluted with water ,  and the 
precipi tate  was f i l tered off and r ec rys t a l l i zed  f rom water .  

2-Hydroxyacetyl indoles  (HI). A mixture of 0.005 mole of tI, 50 ml of water ,  50 ml of alcohol, and 
1 ml of concentrated sulfuric acid was boiled 6-8 h. The solution was cooled and neutral ized with sodium 
bicarbonate,  and the precipi tate  III was f i l tered off and rec rys ta l l i zed  f rom aqueous alcohol. 

2-Alkoxyacetylindoles (IV). To a suspension of 0.02 mole of I in 50 ml of the appropriate absolute 
alcohol was added 0.1 g of boron tr i fhloride e therate .  At the end of the react ion,  the alcohol was evaporated 
in vacuo, and the res idue was dissolved in a mixture of benzene and ether .  The extract  was washed with a 
sodium bicarbonate  solution and water  and dried over magnesium sulfate. The solvent was evaporated in 
vacuo, the residue was r ec rys t a l l i zed  f rom (a mixture of) benzene and hexane. The yields and constants ob- 
tained for II, III, and IV are given in Table 1. 

2-PhenoxyacetyUndole (V). A mixture of 0.9 g of Ia, 2.4 g of phenol, and 0.3 g of copper  powder was 
boiled for 8 h in 40 ml of benzene, the copper powder was f i l tered off, and the filtrate was washed with 10% 
sodium hydroxide and water  and dr ied with magnesium sulfate.  The benzene was evaporated in vacuo. 
Compound V, 0.37 g (30%), was obtained, mp 99-100~ (from a mixture of benzene and hexane). Found %. : 
C 76.28; H 5.04; N 5.52. Ct6Ht3NO 2. Calculated %: C 76.47; H 5.25; N 5.57. 

3-Methyl-2-phenylthioacetyl indole (VI). This compound was obtained s imi la r ly  to V f rom 1 g of Ic and 
3 g of thiophenol. The yield was 30%, mp 138-139~ (from a mixture of benzene and hexane). Found %: C 
72.51; H 5.41; N 5.19. C~THIsNOS. Calculated %: C 72.56; H 5.37; N 4.97. 

Methylation of 2-Methoxyacetylindole (IVa). a. Into a boiling solution of 0.95 g of IVa in 30 ml of di- 
oxane was poured a solution of 0.3 g of sodium hydroxide in 1.5 ml of water ,  and then 1.26 g of dimethyl-  
sulfate was added by drops .  The mixture was boiled for 8 h, diluted with water ,  and the oily precipitate 
was ext rac ted  with e ther .  The solvent was evaporated off, and the residue was subjected to preparat ive 
chromatography  on aluminum oxide in a 9 : 1  benzene -me thano l  sys tem.  Starting compounds IVa, 0.76 g 
(72%), and 0.2 g (20%) of 1-methyl -2-methoxyacety l indole  were obtained; their  constants  cor responded to 
those of compound IVb (see Table 1) which was obtained by decomposing Ib in methanol.  

b. A suspension of 0.48 g of IVa and 0.17 g of sodium ethylate in 20 ml of dioxane was evaporated to 
dryness ,  and to the res idue was added 1.4 g of methyl  iodide and 1 drop of d imethylformamide.  The solu-  
tion was boiled 8 h and evaporated,  and the residue was subjected to preparat ive chromatography  on alum- 
inum oxide in a 9 : 1  benzene -m e thano l  sys tem.  The s tar t ing compounds IVa, 0.44 g, and IVb, 0.03 g (6%), 
were obtained. 

2-Thioacetylindole (VIII). A mixture of 0.3 g of VII and 0.65 g of phosphorus pentasulfide was boiled 
for 3 h in 40 ml of benzene. The hot solution was fil tered, and the solvent evaporated.  Compound VIII, 
0.09 g (29.7~c), was obtained, mp 111-112~ (from a mixture of benzene and hexane). IR spect rum,  c m - l :  
1618 ( C = C ) ,  3390 (NIt). Found%:  C 68.15; H 5.30; S 18.63. CIoH~NS. Calculated %: C 68.58; H 5.17; S 
18.29. 

Reduction of the 2-Acylindoles with Raney Nickel. A total of 0.01 mole of the 2-acylindole in 200 ml 
of absolute alcohol was heated with 5 g of Raney nickef ' to 45-50~ until the s tar t ing substance disappeared 
f rom the ch roma tog ram (Silufol, benzene -me thano l ,  10 :1 ) .  The cata lyst  was f i l tered off, the alcohol was 
evaporated,  and the res idue was rec rys ta l l i zed  f rom a mixture of  benzene and hexane. When IIIa, IVe, and 
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IVh were  reduced,  the res idue  was subjected to p repa ra t ive  ch romatography  on a luminum oxide in a 10 : 1 
b e n z e n e -  methanol  s y s t e m .  

F r o m  1 g of IVc was obtained 0.7 g (70~c) of XI as an oil.  IR spec t rum,  c m - l :  3475 (N--H).  Found ~ :  
C 75.95; H 8.06; N 7.18. Ci2HH15NO. Calcula ted %: C 76.15; H 7.98; N 7.40. The substance was unstable 
and decomposed  on standing.  

F r o m  2 g of IVh was obtained 0.7 g (64~c) of IX, mp 35~ (from hexane) ; according to the l i t e r a tu re ,  
the mp is  35~ [9]; and 0.3 g (32.5~c) of X, mp 75.5-76~ IR spec t rum of X, c m - i :  3625 (OH), 3472 (NH). 
Found %: C 74.31; H 6.58; N 8.47. Ci0HtlNO. Calcula ted ~c: C 74.50; H 6.87; N 8.69. 

F r o m  0.35 g of IIIa was obtained 0.19 g (65%) of IX and 0.1 g (31%) of X. 

F r o m  I g of VII was obtained 0.86 g (95%) of IX. 

Reduction of 2-Acyl indoles  II, III, IV, and VII with Lithium Aluminum Hydride.  To 0.05 mole  of l i thi-  
um aluminum hydride in 30 ml  of absolute e ther  at 25-28~ was added a suspension of 0.05 mole  of the 2-  
acylindole in 75 ml  of e ther .  The mix tu re  was agitated for 1 h and t r ea t ed  in the usual  way. After  r e -  
c rys t a l l i za t ion  f r o m  a mix tu re  of benzene and hexane,  the products ,  yields ,  and constants  which are  given 
in Table  2 were  obtained.  

Pro longed  boiling (15-20 h) of the 2-acyl indoles  without a methyl  group in posi t ion 3 of the r ing with 
a la rge  excess  of l i thium aluminum hydride in e ther  or  t e t r ahydro fu ran  leads to those same  products .  An 
analogous ca r ry ing  out of the r eac t ion  for  IVc in t e t r ahydro fu ran  (boiling for  20 h) leads to a mix ture  of 
two subs tances  which were  p r e p a r a t i v e l y  sepa ra ted  on s i l ica  gel  in a 4 : 1 h e x a n e - e t h y l a c e t a t e  sy s t em.  
F r o m  1 g of IVc was isola ted 0.8 g (80~c) of XIVc and 0.047 g (5~c) of XI (Rf 0.3 and 0.75, r espec t ive ly ) .  
The constants  for  XI co r r e sponded  to the constants  of the substance  obtained during the reduct ion of Ivc  
with Raney  nickel .  Chromatograph ic  moni tor ing of the reduct ion  of IVi under  the same  conditions also r e -  
vealed the fo rma t ion  of two subs tances .  

Acylat ion of Indoly l -2-e thylene  Glycols  (XIII). A mix ture  of 0.3 g of XIIIa,  13 ml  of pyridine,  and 
1.5 ml  of acet ic  anhydride was mainta ined for  12 h at r o o m  t e m p e r a t u r e ,  diluted with water ,  and the p r e -  
cipi tate  was f i l t e red  off. The diaceta te  (XV), 0.35 g (80~c), was obtained, m p  60-60.5~ (from alcohol).  IR 
s p e c t r u m ,  c m - t :  1720 (C----O), 3330 (N-HI). Found ~c: C 64.57; H 6.09; N 5.25. C14HisNO 4. Calculated ~:  
C 64.34; H 5.78; N 5.36. 

S imi la r ly ,  f r o m  0.3 g of XIIIb was obtained 0.4 g (95~) of diacetate  (XVI), mp 57-57.5~ (from aqueous 
alcohol).  IR spec t rum,  c m - i :  1738 (C = O ) .  Found %: C 65.66; H 6. t7;  N 5.04. CtsHHiTNO 4. Calcula ted ~ :  
C 65.44; H 6.22; N 5.08. 
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