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The F i scher  cyclization of a ry lhydrazones  of 1, 3-dimethyl- ,  1, 3, 5 - t r imethyl - ,  and 1, 3, 6- 
t r imethy l -4-p iper idones  is examined. An unusual duration of the react ion is found, resul t ing 
in r ea r r angemen t  products  (1, 2, 3, 4 - te t rahydropyr imido  [3, 4-a] indoles). It is shown that 
hydrogenation of the la t te r  gives 2-(f l -dimethylaminoalkyl)-3-methyl indoles .  

We have previously  examined the effects  of var ious  fac tors  on the course  of the F ischer  react ion 
with hydrazones of some cyclic u-subst i tu ted ketones.  In the p resen t  paper,  we have examined in detail  the 
condensation of 1, 3-dimethyl- ,  1, 3, 5 - t r imethy l - ,  and 1, 3, 6 - t r imethy l -4-p iper idones  (I-III) with var ious  
a ry lhydraz ines  (IV). 
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V-vlX R = R ' =  H; V R" :  H; Vl R"= GH3; VII R"=OCH3; VIII R"=COOC2H5; IX R" =Gh. 
X R=R"=H. R'=CH s. XI-XVI R=R,=H; XI R'=H; XII R"=CH3; XIII R"=OCH3; XIV R"=COOC2Hs; 
XVR"=Cl; XVI R"=COOH; XVII R=R"= H, R'=CH3; XVIII R=CH 3, R'=R"=H; XIX. R=R"=CEI.3, a'=It 

The condensation was ca r r i ed  out in 5-10% alcoholic hydrogen chloride,  e i ther  with or  without i so la -  
tion of the hydrazones .  It was shown by chemical  and spec t ra l  methods that the products  obtained were not 
the normal  condensation products,  i .e. ,  the corresponding indolinines o r  1, 2, 3, 4 - te t rahydro-~/ -carbol ines ,  
but compounds with the new ring s t ruc tu re  1, 2, 3, 4- te t rahydropyr imido[3,4-a] indole  (XI-XIX). The p r o p e r -  
t i es  of the pyrimidoindoles  were  examined in the g rea tes t  detail  for  the examples  XI, XII, XVII, and XVIII. 
These compounds did not exhibit a labile hydrogen atom on the indole imino-group {with the Chugaev r e -  
agent, l i thium aluminohydride in e ther ,  o r  sodium hydride in dimethylformamide) ,  and formed monohydro-  
chlor ides  in anhydrous media.  In cont ras t  to 1, 2, 3, 4 - t e t r ahydro -y  -carbol ines  unsubstituted on the indole 
ni trogen [3], no N-alkylate~l indoles could be obtained f rom the compounds synthesized.  The UV spec t ra  of 
the hydrochlor ides  of XI, XII, XVII, and XVII exhibited absorption maxima at 232 and 285 nm, which is 
cha rac te r i s t i c  of indoles. The IR spec t ra  of these compounds did not show absorpt ions in the 3400-3500 
cm-1 region due to indole NH group stretching.  The NMR spec t ra  of XI and XII agreed well with the sug- 
gested s t ruc tures ,  and excluded the indolinine and 1, 2, 3, 4 - t e t r ahydro-~ / -ca rbo l ine  s t ruc tu res .  The NMR 
spect rum of XI (Fig. 1) showed two singlets at 51.90 and 2.00 ppm due to the protons  of the C-CH3 and 
N-CH 3 groups.  An unresolved signal of a rea  4 proton units at 2.2-2.5 ppm corresponded to the protons of 
the CH2CH 2 fragment ,  and the signal of 2 proton units with 53.93 ppm was due to the protons  of the isolated 
methylene group N - C H 2 - N .  The NMR spect rum of XI hydrochlor ide  (in D20 + CD3OD) , showed a shift of 

? For  Pa r t  XXX, see [1]. 
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Fig. 1. NMR spectrum of 2, 5, -dimethyl-1,  2, 3 ,4- tetra-  
hydropyrimido[3, 4-a]-indole (XI) in CDC13. 

the N - C H  3 and N - C H 2 - N  signals to lower field (by ~30 Hz), and also of N - C H 2 - C ,  in consequence of 
which the signals of the N-CH2CH 2 group were much broadened, to occupy a region of about 40 Hz. The 
NMR spectrum �9 of XII (in CDC13, Fig. 27 showed signals, ppm: 2.13; 2.28; 2.33 (three CH 3 groups); 2.65 
(CH2CH2); 4.28 (N-CH2-N);  6.5-7.0 (2H, protons of the benzene ring in the 8- and 9-positions); 7.20 (1H, 
benzene proton at C6). 

Hydrogenation of XI, XII, XIII, XVII, and XVIII over Pt resul ts  in hydrogenolysis  of the bond between 
the indole nitrogen atom and the C(1 ) atom to give isotryptamines (XX-XXIV). 

H2 R " \ r ~ ' t r - - ' ~ / s  Ha 

XI-XII I ,  XvII, XvIII " iPt) ~ ~ x ' ~ "  - ~ l v  "N \CHCHN(CH3) 2 
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XX-XXIV R R' 
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XXV-XXVII R XXVIII -XXX 

XX~XXII R = R ' = H ;  XX R"=H;  XXI R'=CH3; XXII R"=OCH3; XXII! R=R ' ,=H ,  R'~CH3; 
XXIV R = CH 3, R' = R"= H ; XXV, XXVI II R = R" = H ; XXVI, XXIX R= H, R'=CH3; XXVII,XXX R =CH 3, R'=H 

Compounds XX-XXIV contain one labile hydrogen atom, and their  UV and IR spectra  correspond to 
the indole s t ructure .  The s t ructure  of XX is also confirmed by its NMR spectrum (in CDC13), ppm: 2.04 
(3H, singlet, C=C--CH3); 2.1016H, singlet, N(CH3)2]; 2.2-2.7 (4H, group of signals f rom CH2CH2); 6.7-7.5 
(4H, C6H4, in addition the multiplet f rom C0)H is located at 7.2-7.5); 9.4 (1H, broad NH signal). 
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NMR spectrum of 2, 5, 7- tr imethyl-1,  2, 3, 4 - te t rahydro-  
pyrimido[3, 4-a]- indole  (XII) in CDC13. 
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Reaction of CH3I with XX, XXI, and XXIII gave the qua te rnary  sal ts  XXV-XXVII. After  convers ion  of 
these  methiodides  to the chlor ides  by t r e a t m e n t  with s i lve r  chloride,  they were  subjected to the Emde de-  
gradat ion to give the indoles XXVIII-XXX, which were  identical  with s amples  p r e p a r e d  by known methods 
[4, 5]. Reductive degradat ion by the Emde reac t ion  of the chloride obtained f r o m  the iodide XXXI did not 
p roceed  cleanly, giving a mix tu re  of indolic compounds (XX, XXVIII, and XXXII). 

I. NaH 2. CH;3I" 

I. AgCI 

H~C/\CH3 CHa 
XXXI XXXII 

The s t ruc tu re  of XXXII was p roved  by i ts  p r epa ra t ion  f r o m  XX by methylat ion of the indole ni t rogen 
by the method descr ibed  p rev ious ly  [3]. 

I t  is impor tan t  to note that  the ketone III, by v i r tue  of i ts  s t ruc tu re ,  is not in genera l  capable  of f o r m -  
ing the no rma l  indole- type F i sche r  reac t ion  product .  In the light of our  r e su l t s ,  the s t ruc tu re  of the com-  
pounds synthesized p rev ious ly  [6, 7] by condensat ion of a ry lhydrazones  with the ketone II should be fu r the r  
invest igated.  The fo rmat ion  of XI-XIX under  the F i sche r  reac t ion  conditions probably  involves opening of 
the piper idine ring, followed by cationoid r e a r r a n g e m e n t  of the in te rmedia te  indolenines.  

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

The NMR spec t r a  were  taken on an RS-60 ins t rumen t  with a working f requency of 60 MHz, using the 
- sca le ,  r e l a t ive  to HMDS. The UV s pec t r a  were  taken in alcoholic solution on an SF-4 ins t rument .  

1, 3 -Dimethy l -4 -p iper id ione  Hydrazone,  Hydrochlor ide  (V). To a solution of 3.4 g (0.023 mole) of 
phenyLhydrazine hydrochlor ide  in 10 ml  of wa te r  was added 3 g (0.023 mole) of the ketone I. The mix tu re  
was kept  for  1 h at room t e m p e r a t u r e ,  then the wa te r  was r emoved  by dist i l lat ion in vacuo, and the res idue  
was r e c r y s t a U i z e d  f rom absolute alcohol to give 4.15 g (70.4%) of V, mp 180-181.5 ~ Found: C1 14.1; N 16.7%. 
Ci3HlqN3. HC1. Calculated: C1 14.03; N 16.57%, 

Hydroehlor ides  VI-X (Table 1) were  obtained s imi l a r ly .  

2: 5-Dimethyl-1 ,  2, 3, 4 - te t rahydropyr imido[3 ,  4 -a] indole  (XI). A. Two g r a m s  (0.008 mole) of V in 20 
ml  of 10% alcoholic hydrogen chlor ide was boiled for  30 rain. The p rec ip i t a te  which sepa ra ted  on cooling 
was f i l te red  off to give 1.5 g (83%) of XI hydrochlor ide,  mp 189-190 ~ ( f rom absolute alcohol). Found: 
C 66.2; H 7.1; C1 14.8; N 11.6%. ClzHI~N 2 �9 HC1. Calculated: C 65.97; H 7.24; C1 14.98; N 11.84%. The f r ee  
base  had bp 137-138 ~ (1 ram).  Found: C 77.6; H 8.5; N 13.8%. C13Hi~N 2. Calculated: C 77.96; H 8.05; N13.99%. 
UV spec t rum,  Xmax, rim, (log ~): 234 (4.39), 284 (3.82). 

B. To a solution of 1 mole  of the appropr ia te  a ry lhydraz ine  hydroehlor ide  in alcoholic hydrogen 
chlor ide was added 1 mole  of the ketone, and the mix tu re  was boiled for  30 min.  The product  sepa ra ted  as 
the f r ee  base  or  the hydroehlor ide .  

Compounds XII-XIX were  obtained by these  methods  (Table 2). XII was c rys t a l l i zed  f r o m  heptane, 
XIV f r o m  light pe t ro leum,  and XIII and XV f rom alcohol.  

TABLE 1. 

Com- 
pounc 

vI 
vii 

viii 
IX 
x 

Pi )eridone Arylhydrazone  Hydrochlor ides  (VI-X) 

Mp, ~ 
from alco- 

hol 

186,9--1'88 
1'59--160 
2,17--21~,5 
198--200 
207--209 

Molecular formula 

Ci4H2,Na �9 HCI 
C 14H2tNsO �9 HCI 
Cl6H2sNsO2. HCI 
CI3HIsCINz �9 HCI 
C14H21N~ �9 HC1 

Found, % 

CI N 

13,1 15,0 
1~,2 14,6 
10,8 13,1 

14,6 
l&-,l 15,8 

Calculated, 
% 

cl [ N 

13,24 15,69 
12,49 / 14,81 

12,89 1'0,_.88 
14,59 

13,24 15,69 

Yield, 
o10 

84 
I00 
I00 
60 
90 
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2 - (1 -R-2  -R' - 2 -  Dimethylamino ethyl) -3 - m e t h y l - 5 - R  "- 
,!ndoles ( x x - x x I v ,  Table 3). 0.1 m o l e  of the hydrochloride  
(XI-XIII, XVI, and XVII) in 300 m l  of methanol  was hydrogenated 
over  0.2 g of  Pt -b lack  until  0.1 m o l e  of hydrogen had been taken 
up. The methanol  was  dist i l led off  in vacuo,  and the res idue  was  
d i s so lved  in water,  bas i f ied  with ammonia ,  and extracted with 
ether.  The ether  was  r e m o v e d  and the res idue  was  r e c r y s t a l -  
l i zed  to give XX-XXIV. 

2-  (2 -R-2-Dimethy laminoethy l )  -3 - m e t h y l -  5 -R' - indole  
methiodides  (XXV-XXVII, Table 4). 0.1 mo le  of XX, XXI, or 
XXII and 0.2 m o l e s  of  methy l  iodide in 75 m l  of acetone  were  
boiled for 30 min.  The prec ipi tate  was  f i l tered off and r e c r y s t a ! -  
l i zed  from absolute  a lcohol .  Yie lds  were  quantitative.  

2 -Ethy l -3 -methy l indo le  (XXVIID. A port ion of XXV [6.3 g 
(0.018 mole)]  in 30 m l  of water  was  converted into the c o r r e -  
sponding chloride  by treatment  with AgC1, and the resul t ing  
solut ion was  added dropwise ,  s lowly  with st irring,  to a suspen-  
s ion of 0.5 g of f inely  ground Raney al loy in 100 m l  of 20% NaOH. 
The mixture  was  heated to 60-70 ~ and 6 g of Raney nickel  was  
added in port ions  at this  t emperature  during 5 h. The mixture  
was  extracted with ether,  and the ether  was  removed .  The r e s i -  
due was  r e c r y s t a l l i z e d  from light pe tro leum to give 2 g (70%) of 
XXVIII, mp 65-65.5 ~ Found: C 82.7; H 8 4 ;  N 9.2%. CtlH~3N. 
Calculated: C 83.00; H 8.17; N 8.80%. The compound was  iden-  
t ical  (mixed mp and P~ on thin layer  chromatography on alumina) 
with a sample  obtained by the l i terature  method [5]. 

2 -Ethyl -3 ,  5 -Dimethyl indole  (XXIX). Similarly ,  f rom 2.5 
g (0.007 mole)  of  XXVI was  obtained 0.4 g (35%) of XXIX, mp 
67-68 ~ (from light petro leum) .  Found: C 83.2; H 8 9 ;  N 8.1%. 
CI2HIsN" Calculated: C 83.19; H 8.72; N 8.08%. 

2 - P r o p y l - 3 - m e t h y l i n d o l e  (XXX). Similarly,  f rom 4.5 g 
(0.014 mole)  of XXVII was  obtained 0.9 g (45%) of XXX, bp 146- 
147 ~ (6 mm) ,  nD20 1.5800. Found: C 83.8; H 9.1; N 7.8%. CI2HIsN . 
Calculated: C 83.16; H 8.90; N 7.81%. Identical  by Rf {thin layer  
chromatography)  and n D with a sample  obtained by i:eduction of 
2 - p r o p y l - 3 - f o r m y l i n d o l e  with l i thium aluminohydride [4]. 

2, 5 -Dimethy l -1 ,  2, 3, 4 - te trahydropyrimido[3 ,  4 - a ] !  ndole 
methiodide  (XXXI). S imi lar ly  to XXV, there  was  obtained f rom 
8.5 g {0.04 mole)  of  XI 14 g (97%) of XXXI, mp 218.5-220 ~ {from 
alcohol) .  Found: I 36.6; N 8.3%. C14HIgIN 2. Calculated: I 37.08; 
N 8.19%. 

Erode Degradation of XXXI. A portion of XXXI [13 g (0.04 
mole)]  was  subjected to the Erode degradation as  for  XXV. Gas-  
liquid chromatography of the ether  extract  revea led  the p r e s e n c e  
of three  components .  Addition of an a lcohol ic  solut ion of hydro-  
gen chloride  to the extract  precipitated a bas ic  compound. The 
ether  extract  was  washed with water  and d r i e d t o  give 1.2 g {20%) 
of XXVIII, mp 64.5-65.5  ~ ident ical  by thin layer  and gas- l iquid  
chromatography,  and by mixed mp, with an authentic sample  of 
2 - e thy l -3 -methy l indo le  [4]. The mixture  of hydrochlor ides  was  
crys ta l l i zed  f rom absolute a lcohol  to give 4 g (42%) of XXXII 

h y d r o c h l o r i d e ,  mp 220-221 ~ Found: 66.7; H 8.5; C1 14.1; N 11.1%. 
CltH20N2 �9 HC1. Calculated: C 66.51; H 8.37; C1 14.03; N 11.09%. 
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TABLE 3. 2 - (1 -R-2-R ' -2 -Dimethy laminoe thy l ) -3 -me thy l -5 -R  
indoles (XX-XXIV) 

Corn- Mp, 'C 
pound 

x~X 97--9s 
120---191 

XXII [ 181--182 
XXIII 72,5---73,5 
XXIV 215,5---$17 

Found % 
M~ f~ c i H  

C,3H,sN2 - 76,9 9,1 
CI4H2oN2 C 77,9] 9,4 
Ct4H,0N~O �9 HCI** 762716 7,9 
Ct4H2oN2 9,5 
CIaH~oN2" HCl 113,8 

N 

14,1 
13,0 
I0,6 
13,2 
11,2 

Calculated, % 
c " I  N 

77,18 8,96 13,86 
77,73 9,32 12,95 

10,42 
77,,73 

CI 14,03 1100 

93 
8O 
80 
65,6 
66 

*~--X-~ and XXIV ree rys t a l l i z ed  f rom alcohol, the r e s t  f rom heptane. 
** Found: C1 13.1%, Calculated: C1 13.19%. 

TABLE 4. 
Methiodides (XXV-XXVI1) 

Com- 
pound 

XXV 
XXVl 

XXVII 

Mp, "C 

225-2~7 
~19--~20 

2 - (2- R-2-Dimethylaminoethyl)  -3 -me thy l -  5 - R ' - indole 

Molecular formula 

CI4H21IN2 
ClsH23IN2 
ClsH23IN2 

Found, % 

36,7 
35,0 
35,3 

8,0 
7,6 
7,7 

Calculated, qo 
I N 

36,85 8,14 
3,5,41 7,82 
~5,41 7,82 

The alcoholic mother  l iquors were  poured into water,  basif ied with ammonia, and ex t rac ted  with e ther .  The 
e ther  l aye r  was found by gas liquid chromatography to contain XX. 

2- ~8-Dimethylaminoethyl) - l ,  3-dimethylindole (XXXII). To a suspension of 0.24 g (0.01 mole) of Nail 
in 20 ml of anhydrous dimethylformamide was added dropwise a solution of 2 g (0.01 mole) of XX in 15 ml 
of d imethylformamide.  The mixture  was s t i r r ed  for  1 h at ~20 ~ heated to 35 ~ and 1.4 g (0.01 mole) of 
methyl  iodide was added dropwise.  The mixture  was s t i r r ed  at 35 ~ for  1 h, cooled, poured into water,  and 
ex t rac ted  with e ther .  The e ther  solution was dried,  and alcoholic hydrogen chloride was added. The p r e c i -  
pi tate  which separa ted  was f i l te red  off to give 1.7 g (80%) of XXXII hydrochloride,  mp 220-221 ~ identical  
with a sample obtained as above by mp and Rf on thin l aye r  chromatography.  

11 
2. 
3. 
4. 
5. 
6. 
7. 
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