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Under the influence of halide compounds of phosphorus ,  ace t ic  acid fl -phenylhydraz ides  
that  have an alkyl  group a t tached to a t  l e a s t  one of  the ni t rogen a toms  f o r m  2-aminoindoles  
that  do not have subst i tuents  in the 3 posi t ion.  S imi la r ly ,  1 -pheny l -2 -ace ty lpyrazo l id ines  
a r e  conver ted  to 1 ,2 ,3 ,4 - te t rahydropyr imido  [1,2-a] indoles.  

As we have p rev ious ly  shown [1,2], 1 - a r y l - 2 - a c y l h y d r a z i n e s  with var ious  acyl  groups smoothly  u n d e r -  
go convers ion  to 2-aminoindole  de r iva t ives  under  the influence of phosphorus  oxychlor ide  or  phosphorus  
t r i ch lo r ide .  However ,  the r e a r r a n g e m e n t  of the analogous a ry lhydraz ides  of  acet ic  acid p roceeds  with c o m -  
pl icat ions.  When the compounds a r e  ref luxed in e ther  with POC13, the reac t ion  is  accompanied  by con-  
s iderab le  res in i f ica t ion ,  and the individual p roducts  cannot be isolated.  However,  if  the p r o c e s s  is c a r r i e d  
out in an a rgon  a t m o s p h e r e  in a sea led  ampul with methylene chlor ide  as  the solvent ,  the yields  of the 2-  
aminoindoles  r each  41-63%. Raising the t e m p e r a t u r e  to 70-90 ~ C sharp ly  d e c r e a s e s  the reac t ion  t ime.  
Thus 1 -methy l -2 -amino indo le  hydroehlor ide  (1) was obtained in 45% yield f r o m  1 - m e t h y l - l - p h e n y l - 2 - a c e t y l -  
hydrazine  under  the conditions desc r ibed  above.  The IR spec t rum of I contains a broad  absorp t ion  band at 
2700-3100 c m  -1, which co r r e sponds  to the vibra+tions of  an ammon ium group,  and an intense absorpt ion at  
1700 cm -~, which is cha r ac t e r i s t i c  for  the C = N vibra t ions  in such s y s t e m s  [3]. 
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An N-CH 3 singlet  (3.28 ppm),  a 3-CH 2 singlet  (4.07 ppm),  a mul t ip le t  of  four a roma t i c  protons  (6.8- 
7.3 ppm),  and two broadened s ignals  of  protons at tached to the n i t rogen a tom {7.63 and 8.00 ppm) a re  ob -  
se rved  in the PMR s p e c t r u m  of I in CF3COOH; this is  in a g r e e m e n t  with the p roposed  s t ruc tu re .  In H20 , 
the c h a r a c t e r  of the s p e c t r u m  does  not change,  while in D20 the s ignals  of the protons  at tached to the n i -  
t rogen  a tom and the signals  of  the 3-CH 2 protons  vanish  because  of  rapid  deu te r ium exchange,  which is due 
to the I ~- II equi l ibr ium. 
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* See [1] for  communica t ion  XXXV., 
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Fig. 1. PMR s p e c t r u m  of VI in CI-I3COOH: a) 
a f ter  sa tura t ion  of the NH signal .  

The r e a r r a n g e m e n t  of 1 - p h e n y l - 2 - m e t h y l - 2 - a e e t y l -  
hydraz ine  (Ill) to give IV proceeds  s imi l a r ly .  The IR 
and PMR spec t r a  of  IV a r e  a lmos t  identical  to the s p e c -  
t r a  of  I. The UV s p e c t r u m  of IV (Area x 244,256 nm) 
d i f fe rs  somewhat  f r o m  the UV spec t ra  of 1-subst i tu ted 
2-aminoindoles  (Xma x 257-260 nm).  The appea rance  
of additional max ima  and inflections is apparen t ly  a s -  
socia ted with the high pe rcen tage  of t au tomer ic  indo- 
lenine fo rm IVC, which cannot exis t  in the case  of  sub-  
st i tution of the he te rocyel ic  n i t rogen a tom.  

Rea r rangemen t  is  faci l i ta ted when the re  a r e  sub-  
s t i tuents  at tached to both n i t rogen a toms in the s ta r t ing  
ace ty lhydraz ine .  It can be c a r r i e d  out under  the s ame  
conditions as those  used for  other  acy lhydraz ines .  Thus,  

fo r  example ,  V is conver ted  to the co r respond ing  2-aminoindole  (VI) on prolonged refluxing in e ther  with 
POC13 (or PC13). 
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As seen  f r o m  the PMR s p e c t r u m  (see Fig. 1), h e r e  one o b s e r v e s  spli t t ing of the s ignals  of one of the 
methyl  groups  into a doublet  due to in te rac t ion  with the N - H  proton.  When double r e sonance  is  s u p e r i m -  
posed on the signal  of the N - H  proton,  this spli t t ing van i shes ,  just  as in the record ing  of the s p e c t r u m  of 
a solution in D20 , in which the s ignals  of the fl p ro tons  also vanish.  F rom the avai lab le  data ,  i t  is difficult 
to draw a conclusion as to which ni t rogen a tom b e a r s  the proton and which of the methyl  groups is split .  
On the bas i s  of  the fact  that the doublet  is  found at s t ronges t  field as  compared  with the r ema in ing  s ignals ,  
one can yield p r e f e r e n c e  to s t r u c t u r e  A. Thus i t  p roved  poss ib le  to synthes ize  ha rd - t o -ob t a in  but mos t  
in te res t ing  2-aminoindoles  with no subst i tuents  in the 3 posit ion. 

An a t tempt  to introduce f l -ace ty lphenylhydraz ine  i t se l f  (which does not have subst i tuents  at tached to 
e i ther  Ni o r  N2) into the reac t ion  under  the conditions desc r ibed  above proved unsuccessful .  Despite  v a r i a -  
tion of the reac t ion  condi t ions,  we were  unable to i so la te  identif iable compounds.  Thus,  in this case  a c e r -  
ta in analogy to acetyldehyde phenylhydrazone,  which does not f o r m  indole under  the usual conditions of the 
F i s c h e r  r eac t ion ,  is observed .  

The r e a r r a n g e m e n t  of  ace ty lpyrazol id ines  p roceeds  with be t t e r  y ie lds .  Thus 1 - p h e n y l - 4 - m e t h y l - 2 -  
ace ty lpyrazo l id ine  is  conver ted  in 55% yield to the cor responding  te t rahydropyr imido[1 ,2-a] indole  (VID on 
prolonged (up to 100 h) ref luxing with POC13 in e ther .  
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The s t ruc tu re  of VII was conf i rmed  by the  UV, IR, and PMR spec t r a .  Compound VII is ace ty la ted  with 
acet ic  anhydride  under  mild  conditions to give monoacyl  de r iva t ive  VIII, while Scho t t en -Baumann  benzoy la -  
tion gives  a mix tu re  of  m o n o -  (IX) and dibenzoyl de r iva t ives  00 ,  in which the second benzoyl group appea r s  
due to acyla t ion of the p y r r o l e  r ing in the 3 posi t ion.  

The pos i t ionof th i s  group is  conf i rmed  by the fact  that ,  as  has been prev ious ly  demons t ra t ed  [4], 2-  
aminoindoles  with a f r ee  fl, posi t ion (and with no subst i tuents  a t tached to the ni t rogen a toms)  a r e  benzoylated 
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under s imi la r  conditions in the 3 position. In addition, benzoylation of IX leads to X. However, if the 3 
pos i t ionts  occupied, only monobenzoyl derivat ives are formed.  The set of UV, PMR, and mass  spec t ra l  
data also constituted evidence in favor of s t ruc ture  X. 

As previously noted, f ree  aminoindole bases  are  unstable and are  rapidly oxidized in a i r  to give 3-  
hydroxy compounds [2, 5]. 

The autooxidation of 2-aminoindoles that do not have substituents in the 3 position gives uncrys ta l l i z -  
able oils that a re  difficult to purify. In the case of te t rahydropyr imido [ 1,2-a]indoles,  colored 10-oxo de r iv -  
at ives (XI), i .e . ,  cyclic analogs of ~-aminoisat in ,  were isolated in low yields.  The mass  spec t rum of XI con-  
tains an intense peak of a molecular  ion with M + 200, which coincides with the value calculated for CI2HI2N20 , 
and t h e p r i m a r y  path of disintegration,  confirmed by the metastable t rans i t ions ,  does not contradict  the p r o -  
posed s t ructure .  
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Other 10-oxo-2 ,3 ,4 ,10- te t rahydropyr imidoindoles  also undergo s imi la r  disintegration. Absorption 
bands at 1720 cm -1 (conjugated C = O) and at 1660 em -~ (C = N) a re  observed in the IR spec t rum of XI. 
Simultaneous reduction of the C = O and C = N groups to give the corresponding te t rahydropyr imido[  1 ,2-a] -  
indoline (XII) occurs  in the reduction of XI with lithium aluminum hydride.  In this case ,  the absorption at 
1720 and 1660 cm -1 vanishes in the IR spec t rum,  and the absorption of an NH group a t  3300 cm-1 appears 
on the background of a broad band of a chelated OH group at 2 500-3400 cm -1. Its mass  spec t rum contains an in- 
tense molecular - ion  peak with M + 204, which coincides with the value calculated for C16H12N20. Splitting out of 
water  with simultaneous acetylation of the nitrogen atom and the formation of VI I Ioccurs  under the influence 
of  acetic anhydride on XII. The IT{ spectra  of the der ivat ives  obtained by acetylat ion of XII and VII a re  
identical. 
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EXP ERIMENTAL 

The UV spect ra  of methanol solutions were recorded  with a Cary-15 spectrophotometer .  The PMR 
spect ra  of t r i f luoroacet ic  acid solutions were recorded  with a T-60 Varian spec t romete r  with an operating 
frequency of 60 MIIz with hexamethyldisiloxane as the external standard. The mass  spectra  were recorded 
by A. B. Belikov with an MKh-1303 mass  spec t rometer .  

1-Methyl-2-aminoiadole  I4ydrochloride (0. A mixture of 4 g (0.025 mole) of 1 -methyl -2-ace ty lphenyl -  
hydraz ine  and 7.7 g (0.05 mole) of  phosphorus oxychloride in 20 mi of  absolute methylene chloride was heated 
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at 90 ~ in a sealed ampul  under  a rgon  for  40 h. The prec ip i ta te  was r emoved  by f i l t ra t ion,  washed with e ther ,  
dr ied in a vacuum des i cca to r ,  and r e c r y s t a l l i z e d  f r o m  absolute  alcohol to give 1.9 g (42%) of a product  that  
decomposed  above 230 ~ UV s p e c t r u m :  Xmax 209,258 nm (log ~ 4.30, 4.03). Found: C 59.0; H 6.1%. 
CgH10N 2 �9 BC1. Calculated:  C 59.2; H 6.0%. 

Under the s a m e  condit ions,  heat ing a mix tu re  of 5 g (0.031 mole) of 1 -methy l -2 -ace ty lpheny lhydraz ine  
and 8.3 g (0.06 mole) of  phosphorus t r i ch lo r ide  for 20 h gave 2.5 g (47%) of 1 -me thy l -2 -amino indo le  h y d ro -  
chloride.  The IR spec t ra  of  the compounds obtained in both exper iments  we re  comple te ly  identical.  

2-(Methylamino)indole Hydrochlor ide  (IV). This compound was obtained as  in the preceding  case  f r o m  
2 g (0.012 mole) of 1 - m e t h y l - 2 - p h e n y l - l - a c e t y l h y d r a z i n e  and 3.6 g (0.024 mole) of phosphorus  oxychloride.  
The product  [0.9 g (41%)] decomposed  above 230 ~ UV s p e c t r u m :  Xma x 244,250 nm (log e 4.02, 4.02). PMR 
s p e c t r u m :  N-CH 3 singlet  (3.41 ppm),  3-CI-I 2 singlet  (4.01 ppm),  mul t ip le t  of four a roma t i c  protons  (6.8-7.42 
ppm),  broad N - H  signals  (7.6-8.26 ppm). Found: C 58.9; I-I 5.9; N 15.3%. CgH10N 2" HC1. Calculated:  C 
59.2; H 6.0; N 15.4%. 

1 -Methy l -2 -methy lamino indo le  Bydrochlor ide  (VI). A mix tu re  of 2.4 g (0.013 mole) of  1 ,2 -d imethy l -  
1 -pheny l -2 -ace ty lhydraz ine  and 4.6 g (0.03 mole) of phosphorus  oxychlor ide  in absolute  e ther  was refluxed 
for  100 h. The resul t ing p rec ip i t a te  was r emoved  by f i l t ra t ion,  washed with e ther ,  dr ied in a vacuum d e s i c -  
ca to r ,  and r ec ry s t a l l i z ed  f r o m  absolute  propanol  to give 1.65 g (63%) of a product  that  decomposed  above 
240 ~ UV s p e c t r u m :  ~ m a x  262 nm (log e 4.11). Found: C 60 .2 ;  H 6.8; N 14.3%. C10I-Ii2N 2" HC1. Cal -  
culated:  C 60.1; H 6.6; N 14.2%. 

3 -Methy l - l , 2 ,3 ,4 - t e t r ahydropyr imido[1 ,2 -a ] indo le  Hydrochlor ide  (VII), This compound [6.7 g (55%)] 
was s i m i l a r l y  obtained f rom 11 g (0.054 mole) of 4 - m e t h y l - l - p h e n y l - 2 - a c e t y l p y r a z o l i d i n e  and 16.5 g (0.108 
mole) of phosphorus  oxychlor ide .  It decomposed  above 200 ~ UV spec t rum:  ~ m a x  212,262 nm (log e 4.41, 
4.16). PMR s p e c t r u m :  3-CH 3 doublet  (1.11 ppm),  3 -CH 3 mult ip le t  (2.62 ppm),  mul t ip le t  of four protons  a t -  
tached to C (2) and C (4) (2.96-3.90 ppm),  10-CH 2 singlet  (4.04 ppm),  mul t ip le t  of four a r o m a t i c  protons (6.88- 
7.40 ppm),  and broad  N - H  signal (8.44 ppm). Found: C 64.4; tt 6.8%. C12H14N2"HCI. Calculated:  C 64.7; 
H 6.7%. 

1 ,2 ,3 ,4 -Te t rahydropyr imido[1 ,2-a ] indole  Hydrochlor ide .  S imi la r ly ,  3.35 g (0.015 mole) of 1-phenyl -  
2 -ace ty lpyrazo l id ine  and 4.65 g (0.03 mole) of phosphorus oxychlor ide  gave 1.6 g (52%) of a substance  that 
decomposed  above 220 ~ UV s p e c t r u m :  Xma x 213,262 nm dog ~ 4.31, 4.12). Found: C 63.5; H 5.9%. 
C~I-I12N2-HC1. Calculated:  C 63.4; H6.2%. 

8 - B r o m o - 3 - m e t h y l - 1 , 2 , 3 , 4 - t e t r a h y d r o p y r i m i d o  [1,2-a] indole Hydrochlor ide .  A mix tu re  of 3.3 g (0.012 
mole) of 4 - m e t h y l - I - ~ ) - b r o m o p h e n y l ) - 2 - a c e t y l p y r a z o l i d i n e  and 3.7 g (0.024 mole) of phosphorus  oxychlor ide  
in 20 ml  of absolute  methylene  chlor ide  was heated in a sealed ampul  under a rgon  at  90 ~ for  25 h. The m e t h -  
ylene chloride and excess  phosphorus  oxychlor ide  were  removed  by vacuum dis t i l la t ion,  the unchanged a c e -  
ty lpyrazol id ine  was washed away with benzene,  and the res idue  was r ec ry s t a l l i z ed  f r o m  absolute propanol  to 
give 2 g (55%) of a product  that  decomposed  above 220 ~ UV spec t rum:  X max  212,267 nm (log ~ 4.52, 
4.20). Found: N 9.2%. CI2H13BrN2" EC1. Calculated:  N 9.3%. 

3-  M e t h y l - l - a c  e ty l -1 ,2 ,3 ,4- te t  r ahydropyr imido  [1,2-a] indole (VIII). A mix tu re  of 10 g (0.1 mole) of 
t r i e thy lamine  and 2 g (0.02 mole)  of acet ic  anhydride was added to 2.2 g (0.01 mole) of 3 - m e t h y l - l  ,2 ,3 ,4- 
t e t r ahydropyr imido  [1,2 -a] indole hydrochlor ide ,  and the mix tu re  was allowed to stand at r oom t e m p e r a t u r e  
for  24 h with per iodic  shaking. The excess  t r i e thy lamine  and acet ic  anhydride were  r emoved  by dis t i l la t ion,  
wa te r  was added to the res idue ,  and the resu l t ing  p rec ip i t a te  was r emoved  by f i l t ra t ion and r ec ry s t a l l i z ed  
f r o m  b e n z e n e - h e p t a n e  to give 1.6 g (70%) of a product  with nap 147.5-148.5 ~ UV s p e c t r u m :  Xma x 212, 
297 nm (log ~ 4 .42,4 .35) .  Found: C 73.7; H7.2;  N12.4%. ClaH16N20. Calculated:  C 73.7; H7.0;  N 
12.3%. 

A s i m i l a r  method was used to obtain 1 -ace ty l -1 ,2 ,3 ,4 - t e t r ahydropyr imido  [1,2-a]indole,  with nap 126- 
127 ~ (benzene-hep tane) ,  in 57% yield.  UV s p e c t r u m :  Xma x 222,297 nm (log e 4.46, 4.23). Found: C 73,2; 
H 6.9%. Ci3H14N20. Calculated:  C 72.9; H 6.5%, Themethod  was also used to obtain 8 - b r o m o - 3 - m e t h y l -  
1 - ace ty l -1 ,2 ,3 ,4 - t e t r ahyd ropy r imido  [1,2-a] indol e, with nap 173-174 ~ (benz erie - m  ethanol),  in 67% yield. UV 
s p e c t r u m :  Xmax 226,307 nm (log ~ 4.54, 4.25). Found: C 55.2; tI 4.8%. C14H15BrN20. Calculated:  
C 54.7; H 4.9%. 

Benzoylat ion of 3 -Methy l -1 ,2 ,3 ,4 - t e t r ahydropyr imido  [1,2-a] indole. Schotten - Baumann benzoylat ion 
of 2.7 g of  3 -me thy l -1 ,2 ,3 ,4 - t e t r ahyd ropy r i mido  [1,2-a]indole hydrochlor ide  (VII) gave 1.2 g of a mix tu re  of 
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two substances,  which was separated prepara t ive ly  in a thick l aye r  of aluminum oxide [benzene -me thano l  
(12:1)] .  The substance with Rf 0.76 was identified as 3 -methy l - l -benzoy l -1 ,2 ,3 ,4 - t e t r ahydropyr imido  [ 1,2-  
a] indole (IX) with mp 175.5-176.5 ~ ( f rom benzene).  UV spec t rum in CHC13: k m a  x 303 (log a 4.07). Found: 
C78.6;  H6.2%; Mol .wt . (mass - spec t ra l ly )290 .  C19H18N20. Calculated: C 78.6; H6.2%; Mol.wt. 290. 

The substance with Rf 0.40 was identified as 3-methyl -1 ,10-d ibenzoyl -1 ,2 ,3 ,4- te t rahydropyr imido [ 1,2- 
a] indole (X) with mp 222-223 ~ (from butanol). UV spec t rum in ch loroform:  k m a  x 298 nm (log e 4.11). 
Found: C 79.2; H5.6;  N7.0%; Mol.wt. (mass - spec t r a l l y )394 .  C26H22N20. Calculated: C 79.2; H 5.6; 
N 7.1~; Mol. wt. 394. 

3,10-Dimethyl-l-benzoy]-I ,2,3,4-tetrahydropyrimido [1,2-a] indole. A 2.36-g sample of 3,10-dimethyl- 
1,2,3,4-tetrahydropyrimidoindole bydrochloride was benzoylated under conditions similar to the preceding 
conditions. The product was recrystallized from benzene-heptane to give 2.35 g (77.5%) of a benzoyl deriv- 
ative with mp 80-82 ~ Found: C 78.9; H 7.6%; Mol.wt.(mass-spectrally) 304. C20H20N20. Calculated: C 
78.9; I-I 7.9%; Mol, wt. 304, 

3-Methyl-10-oxo-2,3,4,10-tetrahydropyrimido [ 1,2-a] indole (XI). A 2.2-g (0.01 mole) sample of 3- 
methyl-1,2,3,4-tetrahydropyrimido [1,2-a] indole hydroehloride was dissolved in water, and the solution was 
made alkaline to pH 9. The precipitate was then extracted with ether, the extract was dried with potassium 
carbonate, and the ether was removed by distillation, The residue was recrystallized from benzene-heptane 
to give 0.5 g (25%) of a product with mp 132-133 ~ Found: C 71.8; H 6.1; N 14.0%. CI2HI2N20. Calculated: 
C 72.0; H 6.0; N 14.0%. 

A similar procedure was used to obtain 10-oxo-2,3,4-10-tetrahydropyrimido[1,2-a]indole, with mp 114- 
115 ~ (benzene-heptane), in 33% yield. Found: C 70.9; H 5.4%. CI~HIoN20. Calculated: C 71.0; H 5.4%; 
This procedure was also used to obtain 8-bromo-3-methyl-10-oxo-2,3,4,10-tetrahydropyrimido [I ,2-a] indole, 
with mp 162-163 ~ Ibenzene-heptane). Found: C 51.5; HH3.7%. C~2HHIIBrN20. Calculated: C 51.6; H3.9%. 

10-Hydroxy-3-methyl-1,2 ,3 ,4 ,5 ,10 -hexahydropyrimido [i ,2-a] indole (XII). A suspension of 1 g of lithium 
aluminum hydride in 25 rn] of absolute tetrahydrofuran (THHD was added to 2.0 g (0.01 mole) of 10-oxo-3- 
methyl-2 ,3 ,4 ,10 -tetrahydropyrimido [1,2-a]indole in 50 ml of absolute THF, and the nlixture was refluxed 
for 8 h and then decomposed successively with moist ether and water. The precipitate was removed by fil- 
tration and washed thoroughly with ether. The ether solutions were dried with sodium sulfate, the solvent 
was removed by distillation, and the residue was recrystallized from benzene-heptane to give 1.55 g (76%) 
of a product with mp 206-208 ~ Found: C 70.9; H 8.1%. Ct2HHIGN20. Calculated: C 70.6; H 7.8~0. 

Heating of the indoline with acetic anhydride gave 3-methyl-l-aeetyl-l,2,3,4-tetrahydropyrimido[1,2- 
a] indole, which was identical to a sample of VIII obtained by aeetylation of 3-methyl-1,2,3,4-tetrahydro- 
pyrimido [1,2-a] indole hydrochlorid e. 
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