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WITH CYCLIC KETONES 
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The cycl izat ion of 1-R-2- ( f l -aminoisobuty l ) indoles  with var ious  cycl ic  ketones f o r m s  imines  
or  sp i ro  compounds of the 1 , 2 , 3 , 4 - t e t r a h y d r o - T - c a r b o l i n e  s e r i e s ,  depending on the conditions 
and the s t r u c t u r e  of the ketone. 

It has been shown prev ious ly  [2] that  the cyclodehydrat ion of 2-~8-aminoethyl) indole and of 2-(fl- 
aminoisobutyl) indole  (I) with aldehydes or  ketones f o r m s  a l k y l t e t r a h y d r o - T - c a r b o l i n e s .  We have continued 
these  invest igat ions and have studied the cycl izat ion of (I) and o f2 - ( f l - amino i sobu ty l ) - l -me thy l indo le  (II) 
with a number  of a l icycl ic  and he te rocyc l ic  ketones (III-VIII) in o rde r  to obtain p rev ious ly  unknown spi ro  
compounds of the 1 , 2 , 3 , 4 - t e t r a h y d r o - T - c a r b o l i n e  s e r i e s .  Cyel izat ion was p e r f o r m e d  in a mix tu re  of ab-  
solute ethanol and benzene containing hydrogen chloride.  In the condensat ion of (I) with (III) and (IV) in the 
p r e sence  of catalyt ic  amounts  of hydrogen chlor ide,  a single subs tance  was obtained in each case .  The 
PMR s p e c t r a  of these  compounds lacked the signal  of the vinyl proton in posit ion 3 of the indole r ing in the 
~ 6 ppm region,  and on this bas i s  these  compounds may  be a sc r ibed  the s t r u c t u r e s  of 2 ,2 -d ime thy l - l , 2 , 3 ,4 -  
t e t r a h y d r o - T - c a r b o l i n e - 4 - s p i r o c y c l o h e x a n e  (IX) and 2 , 2 - d i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o - 7 - c a r b o l i n e - 4 -  
s p i r o - 4 ' - t e t r a h y d r o t h i o p y r o n e  (X), r e spec t ive ly .  
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t R-H,  II R-CH+; III i2 '=R"~IL X-CII+. IV /~'=R"=I'/, X-S,  V R ' - R " = H  X=NCI,+. VI 
R'=CHa, R" -H ,  X=NH. VII R '=R ' -CHa ,  X=NH VIII R ' = R " = C H .  X=NCH~: IX R = R ' = R " - H ,  
X=CH2. X = R - R ' = R ' = H ,  X=S; XI R-R '=R"=IR X=NCH+, XII R=GHa, R '=R"=H, X=CH.-, XIII 
R=CHa, R=R"=H.  X=S, XIV R = R ' - R " = I I .  X-NCH+, XV R = R ' = H ,  R'=CH~; X=NH, XVI R=H, 
R'=R"=CH+. X=NH, XVII R=R'=CH,, R"=H, X--NIt, XVIII R = R ' = R ' - C H a ,  X=NH; XlX R=R'= 
=R"=CHa, X=NCHa, XX R '=R"=II ,  X-NCI'Ia, XXI R'=R"=CHa, X=NH 

The cycl izat ion of (IT) with (III) and with (IV) under conditions analogous to those given above led to 
the sp i ro  compounds (XII) and (XIII), r e spec t ive ly .  As a r e s u l t  of the cycl izat ion of (I) with (V) in a weakly 
acid med ium with the azeo t rop ic  dis t i l la t ion of wa te r  for  16 h, 2,2- d ime t+~y l - l , 2 ,3 ,4 - t e t r ahydro -y -ca rbo-  

* F o r  communica t ion  XL, see  [1]. 
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l i n e - 4 - s p i r o - 4 ' - ( l ' - m e t h y l p i p e r i d i n e )  (XI) was formed.  However,  when the s a m e  components  w e r e  boiled 
in a 29% ethanolic solution of hydrogen chloride for 2 h 30 min, only 4 - [1 ,1 -d imethy l -2 - ( indo l -2 -y l )e thy l -  
imino] - l -me thy lp ipe r id ine  (XIV) was formed.  The reac t ion  of (VI, VII, and X) with (I) and with (II) under 
var ious  conditions fo rmed  only the imines (XV-XIX), r e spec t ive ly .  In con t ras t  to the sp i ro  compounds,  the 
]?MR spec t r a  of the imines (XIV-XIX) each had a signal in the 5.23-5.57-ppm region  of the proton of a 3H- 
indole r ing.  The imines (XIV and XVI)were  reduced ca ta ly t ica l ly  to the corresponding amines  (XX, XXI). 
It  is interest ing to note that  the imine (XIV) is not cycl ized into the corresponding spi ro  compound (XD un- 
der  the conditions of the fo rmat ion  of (XI) f r o m  (I) and (V). The cycl izat ion of (IV) and also of (XV-XIX) 
could not be pe r fo rmed  under different  conditions [for example ,  the addition of ce r t a in  amounts of wa te r  o r  
of the ketone (V), a change in the concentra t ion of hydrogen chloride,  a different  solvent].  It follows f rom 
this that  fo rmat ion  of sp i ro  compounds f r o m  (I) and (V) apparen t ly  takes  place not through the imine (XIV) 
(or its amino form) but through the hydroxyalkylat ion by the ketone of the indole compound (D at  posit ion 3 
with the subsequent  cyclodehydrat ion of the in te rmedia te  compound. 

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

The PMR spec t r a  were  taken on a Var ian  T-60 s p e c t r o m e t e r  with HMDS as internal  s tandard.  

2 - (~ -Amino i sobu ty l ) - l -me thy l indo le  (II). With s t i r r ing ,  a solution of 10 g (53 mmoles)  of (D in 60 
ml  of d imethy l fo rmamide  was gradual ly  added to a suspension of 1.8 g (75 mmoles)  of sodium hydride in 
60 ml  of d imethyl formamide .  Af te r  1 h, 6.7 g of methyl  iodide was added dropwise at a bath t e m p e r a t u r e  
of 50~ and the mix tu re  was s t i r r e d  for  another  1 h at this t e m p e r a t u r e  and was then poured into wa te r  
and ex t rac ted  with e ther ,  and the ex t rac t  was dr ied with magnes ium sulfate.  The addition of an e therea l  
solution of hydrogen chlor ide prec ip i ta ted  a hydrochlor ide,  which was f i l te red  off and r ec ry s t a l l i z ed  f rom 
absolute  ethanol. This  gave 6.5 g (61~) of (II), mp 167-168~ Found, %: C 65.3; H 8.0; C1 14.7; N 11.8. 
C13H18N 2 �9 HCI. Calculated,  %: C 65.4; H 8.0; C1 14.8; N 11.7. 

2 , 2 - D i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o - ~ ' - c a r b o l i n e - 4 - s p i r o c y c l o h e x a n e  (IX). To 2 g (9 mmoles)  of the 
hydrochlor ide  (I) in 10 ml  of absolute ethanol we re  added 1.06 g (0.01 mole) of (III) in 30 ml  of absolute 
benzene and 1 ml of a 22% solution of hydrogen chloride in ethanol, and the mix tu re  was boiled for  18 h, 
poured into water ,  and made alkaline with aqueous ammonia .  The prec ip i ta te  that  deposited was f i l te red  
off, giving 1.5 g of (IX). 

2,2 - D i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o - y - c a r b o l i n e - 4 - s p i r o - 4 ' - t e t r a h y d r o t h i o p y r a n  (X). Similar ly ,  1.1 g 
(4.9 mmoles)  of the hydrochlor ide  of (I) in 7 ml  of absolute ethanol and 0.6 g (51 mmoles)  of (IV) in 30 ml  
of absolute  benzene and 1 ml  of a 22% solution of hydrogen chloride in ethanol gave 0.9 g of (X). 

2 , 2 - D i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o - y - c a r b o l i n e - 4 - s p i r o - 4 ' -  (1'-  methylpiperidine)  (XI). To 4 g (18 
mmoles)  of the hydrochlor ide  of (I) and 3 g (20 mmoles)  of the hydrochlor ide  of (V) in 20 ml  of absolute  
ethanol w e r e  added 60 ml  of absolute  benzene and 2 ml  of a 30% solution of hydrogen chloride in ethanol. 
The reac t ion  mix tu re  was boiled for  9 h with the azeot ropic  dist i l lat ion of the water .  Another  20 ml  of 
absolute  ethanol, 60 ml  of absolute  benzene,  and 2 ml  of 30% ethanol hydrogen chloride was added, and the 
benzene and the ethanol were  dist i l led off over  16 h to reduce  the reac t ion  mix ture  to smal l  volume.  The 
hydrochlor ide  that  deposited was dissolved in wa te r  and the solution was made alkal ine with aqueous potas -  
s ium carbonate ,  giving 2.8 g of (XI). 

2 , 2 , 9 - T r i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o - y - c a r b o l i n e - 4 - s p i r o c y c l o h e x a n e  (XII). To 0.5 g (2 mmoles)  of 
the hydrochlor ide  (II) in 5 ml  of absolute ethanol we re  added 0.25 g (2.5 mmoles)  of (HI), 5 ml  of a 19% 
ethanolic solution of hydrogen chloride,  and 5 ml  of absolute  benzene.  The reac t ion  mix ture  was boiled 
with the azeot ropic  dist i l lat ion of wa te r  for  3 h 30 rain and was left  overnight .  The prec ip i ta te  of hydro-  
chlor ide that  deposited was f i l t e red  off and was dissolved in water ,  and the solution was made alkaline 
with aqueous potass ium carbonate ,  a f te r  which 0.3 g of (XII) was isolated in the usual manner .  

2 , 2 , 9 - T r i m e t h y l - l , 2 , 3 , 4 - t e t r a h y d r o - Y - c a r b o l i n e - 4 - s p i r o - 4 ' - t e t r a h y d r o t h i o p y r a n  (XIII). This was 
obtained in a s im i l a r  manner  to (XII) f r o m  1 g (4 mmoles)  of the hydrochlor ide  of (II) in 10 ml  of a 19% 
ethanolic solution of hydrogen chlor ide and 0.65 g (5.6 mmoles)  of (IV) in 10 ml  of absolute  ethanol and 10 
ml  of absolute  benzene; yield of (XHI) 0.5 g. 

4-[1,1 -Dimethy l -2 - ( indo l -2 -y l )  e thy l imino] - l -me thy lp ipe r id ine  (XIV). A mix ture  of 2 g (9 mmoles)  
of the hydrochlor ide  of (I), 1.4 g (12 mmoles )  of (V) in 10 ml  of a 29% solution of hydrogen chlor ide  in 
ethanol and 10 ml  of absolute benzene was boiled with the azeot ropic  dist i l lat ion of wa te r  for  2 h 30 rain. 
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TABLE 1. Information on Compounds (IX-XIX) 

Empirical 
mp, ~ formula 

IX I56,5--I57,5 
X 231--232 

XI 221--222 
XII 153,5--155 

XIII 186,5--187,5 
XIV I I37--138 
XV! 108,5--110 

XVI 1 i0,5--111,5 
XVII 118--t19,5 

XVIII 144,5--145 
XIXi 146--I47,5 

C,sH24N2 �9 
CIrH22N28 D 
C~sH2sNa 
C~gH2sN2 
C!sH24Ne8 c 
C,sH~Na 
C2oH29Na 
C2tHalNa 
C21Ha~Na 
C2eHaaNa 
C2aH35Na 

Found, % 

c H 

80,7 9,0 

76,5 8,9 
80,6 9,3 
71,7 8,0 
76,4 9,0 
77,4 9,4 
77,2 9,8 
77,6 9,6 
77,8 9,8 
77,9 10,0 

I,C alculated, % 

N C tt 

10,5 80,5 9,0 
10,0 
14,5 76,3 8,9 
9,7 80,8 9,3 
9.5 71,9 8,1 

14,5 76,3 8,9 
i3,6 77,1 9,4 
13,1 77,5 9,6 
12,9 77,5 9,6 
12,2 77,8 9,8 
11,7 78,1 10,0 

~2 
N o 

10,4 63 
9,8 64 

14,8 56 
9,9 50 
9,3 44 

14,8 72 
13,5 85 
12,9 70 
12.9 53 
12,4 29 
11,9 32 

acompounds (IX, XIII, XVI, and XVIII) were  recrysta l l i zed  from 
a mixture of benzene and petroleum ether, (X) from ethanol, 
(XI) from benzene,  and (XII, XVII, and XIX) from heptane. 
bFound, %: S 11.1. Calculated, %: S 11.2. 
CFound, %: S 11.0. Calculated, %: S 10.7. 

The hydrochloride that precipitated was f i ltered off and dissolved in hot water,  and the solution was made 
alkaline with aqueous potass ium carbonate. The precipitate was fi ltered off, giving 1.8 g of 0f iv) .  

4-  [1 ,1-Dimethyl -2-  ( indot-2-yl)ethyl imino]-2,2,6-trimethylpiperidine (XV). A mixture of 2 g (8.8 
mmoles)  of (D and 2 g (11 mmoles)  of (VI) in 10 ml of a 29% solution of hydrogen chloride in ethanol was 
boiled for 5 h. The resulting precipitate of the hydrochloride was dissolved in water and the solution was 
made alkaline with potassium carbonate solution, giving 2.3 g of (XV). Under the conditions for the prepa- 
ration of (XD, also,  only (XV) was formed. 

4- [1 ,1-Dimethyl -2-  (indol-2-yl) ethyl imino]-2,2,6,6-tetramethylpiperidine (XVD. A mixture of 3.4 g 
(15 mmoles)  of the hydroehloride (D and 3 .4g  (20mmoles)  of (VII) in 20 ml of a 29% solution of hydrogen 
chloride in ethanol was boiled for 3 h 30 rain. In the usual way, 3.4 g (XVI) was obtained. Again only (XVI) 
was formed under the conditions for the preparation of (XD. 

4-  [1 ,1-Dimethyl-2-  (indol-2-yl) ethyl imino]- l ,2 ,2 ,6 ,6-pentamethylpiperidine (XIX). A mixture of 1.5 g 
(6 mmoles)  of the hydrochloride of (II) and 1.2 g of (VIII) in 15 ml of a 30% solution of hydrogen chloride in 
ethanol was boiled for 3 h and poured into water,  and the mixture was made alkaline with an aqueous solu- 
tion of potassium carbonate and was extracted with ether. The extract was dried with magnesium sulfate 
and the ether was distil led off. The residue was crystal l ized from petroleum ether, giving 0.7 g (XIX). 

The imines (XVID and (XVIII) were  obtained s imi lar ly  by the reaction of (1I) with (VD and with (VII), 
respect ive ly .  

Information on substances (IX-XIX) is given in Table 1. 

4 - [1 ,1 -Dimethy l -2 -  ( indol -2-y l )e thylamino]- l -methyl -4-piper idine  (XX). A solution of 0.7 go f  (XIV) in 
15 ml of methanol was acidified with a solution of hydrogen chloride in ethanol and was hydrogenated under 
the usual conditions over  50 mg of platinum until the absorption of hydrogen ceased.  The catalyst was 
separated off and the ethanol was disti l led off in vacuum. The residue was dissolved in water and the 
solution was made alkaline with aqueous ammonia and was extracted with ether. The extract was dried 
with magnesium sulfate, the ether was disti l led off, and petroleum ether was added to the residue.  The re -  
sulting precipitate was f i ltered off and was twice crystal l ized from heptane, giving 0.1 g (14%) of (XX), mp 
138-139~ The substance gave a depress ion of the melting point in admixture with (XIV). Found, %: 
C 76.0; H 9.7; N 14.5. C18H27N 3. Calculated, %: C 75.7; H 9.5; N 14.7. Compounds (XX) and (XIV) differed 
in their mobil ity in TLC on A1203 (activity grade IV, ether). 

4- [1 ,1-Dimethyl -2-  (indol-Z-yl) ethylamino]-2,2 ,6 ,6-tetramethylpiperidine (XXI). As in the preceding 
case,  2 g of (XVD was hydrogenated over  0.2 g of Pt, giving (XXD, which was crystal l ized twice from ben-' 
zene.  Yield 0.15 g, mp 182.5-184~ The substance gave a depress ion of the melting point in admixture 
with (XVD. C 77.2; H 10.1; N 12.8. C21HasN 3. Calculated, %: C 77.0; H 10.1; N 12.8. 
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