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XIII.* SYNTHESIS AND INVESTIGATION OF THE RING-CHAIN 

TAUTOMERISM OF COMPOUNDS OF THE HOMOESEROLINE SERIES 

I .  I .  G r a n d b e r g  a n d  T .  A.  I v a n o v a  UDC 547.751'759.07 

Dinordeoxy-10-methy lhomoesero l ine  and a number  of i t s  de r iva t ives ,  substi tuted in the 
benzene r ing and at the indole ni t rogen a tom,  were  obtained by condensation in neut ra l ,  
aqueous alcoholic solut ions of a ry lhydraz ines  with 5-haloketones  with an ~ -me th ine  
group.  The compounds of the homoese ro l ine  s e r i e s  exist  in neut ra l  solutions in the 
f o r m  of a mix tu re  of r ing and chain t au tomer s ,  and the posi t ion of the t au tomer ic  
equi l ibr ium depends on the solvent .  The dependence of the r i n g - c h a i n  t au tomer ic  
equi l ibr ium on the pH of the medium was de te rmined ,  and the region of the exis tence of 
an equi l ibr ium mix ture  in acidic solutions was found. 

The known methods  for  the synthes is  of homoese r ine  (I) involve many  s teps  and a re  based on i n t r a -  
mo lecu l a r  dehydrat ion of 3 - (y-methy laminopropyl ) indol inones  [2,3]. 

We prev ious ly  developed a method for  the synthes is  of compounds of the ese ro l ine  and echiboline 
type involving condensat ion of a ry lhydraz ines  with y -ha loke tones  with an ~ -me th ine  group by refluxing the 
components  in neut ra l ,  aqueous alcoholic solutions [4]. 

5 CH3 

! CH3 CH 3 

If  a 6-haloketone with an alkyl substi tuent  in the ~ posi t ion with r e spec t  to the carbonyl  group is 
en tered  into this sor t  of condensation,  the product  is a t r i cyc l i c  homoese r ine  sys t em.  The reac t ion  of 
phenylhydrazine with 6 -ch lo ro -  or  6 - b r o m o - 3 - m e t h y l - 2 - h e x a n o n e  (II) leads  to the fo rmat ion  of d inordeoxy-  
9a -methy lhomoesero l ine  (III) (4a,9a-dimethylpiperidino[2,3-b]indoline) .  The use of va r ious  subst i tuted 
a ry lhydraz ines  in this  reac t ion  m a k e s  it pos s ib l e  to obtain a number  of d ino rdeoxy -9a -me thy lhomoe se ro l -  
ine de r iva t ives  (IV-VII1). 

Pentaeycl ic  compounds of the homoesero l ine  s e r i e s  (XI, XII) a r e  obtained by condensation of ch lo ro-  
ketone II with 1-aminoindoline (IX) and 1 -amino- l ,2 ,3 ,4 - t e t r ahydroqu ino l ine  (X). 

In a lmos t  all  c a s e s ,  heating the components  of the condensation leads to par t i a l  res in i f ica t ion  of the 
reac t ion  mixture ;  this i s  a lso  obse rved  during vacuum dist i l la t ion of the ba se s  obtained. This  na tura l ly  a f -  
fec ts  the yields  of the pure  condensat ion products .  Compounds in which R" = H a re  obtained in 40-56% 
yield. The introduction of an alkyl substi tuent  at the indoline ni t rogen a tom lowers  the yield to 30-35%. An 
exception is  d ino rdeoxy-9a -me thy l -3 ,9 -d ime thy lenehomoese ro l ine  (XI), which is obtained in 69% yield.  The 
r eason  fo r  the d e c r e a s e d  yie lds  is  the abil i ty (examined below) of homoese ro l ine  compounds to read i ly  
open the piper idine r ing to f o r m  indolenine s y s t e m s  of low stabi l i ty .  

*See [1] for  Communicat ion XII. 
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~. I /  H R' R" OCM~ 
R" CH 3 I I  NH 2 -I~'n2/n CH 3 

Ill-VIII X,IX XI,XII 

III R=R'~R'=H; IV R=CH3, R'=R"=H; V R'=CH 3, R=R"=H; VI R'=CH3, R=R'=H; VII R=OCH3, 
R'=R"= H; VIII I~'=OCH~,R=R'~=H;IXn=I; Xn=2;  XIn=l; Xll n=2 

All of the compounds obtained give d ip ie ra t e s  with b i m o l a r  amounts  of p ic r i c  acid. Diacetal  de r i v a -  
t ives  could not be i so la ted  because  of pronounced res in i f iea t ion .  

The UV and PMR s pec t r a  of the homoese ro l ine  compounds were  obtained to p rove  the i r  s t r uc tu r e s .  
The f ea tu res  of the UV s p e c t r a  (Table 1) will be d i scussed  below. 

In acidic solutions (pH ~ 3), compounds of the ese ro l ine  s e r i e s  undergo opening of the pyr ro l id ine  
r ing to f o r m  protonated  indolenines [1,5]. In neut ra l  alcohol solution, d ino rdeoxy-9a -me thy lhomoese ro l ine  
{III) pa r t i a l l y  opens i ts  p iper id ine  r ing and ex i s t s  in the f o r m  of an equi l ibr ium mix tu re  of the indoline and 
indolenine f o r m s  (III ~ IIIa) .  

. .  % 3  3,,3,, +2H ~ [ ~ C H 2 C H 2 C H 2 N H 3  ~.-~ , ' .m-~ l  ~ ~ ~__(/~--~--C,~C,~CM~N.2 

Ill C.3 Ill a Ilrb 

The posi t ion of the equi l ib r ium between the open and cycl ic  f o r m s  should be de te rmined  by two fac-  
t o r s :  f i r s t ,  the degree  of s t r a in  of the cycl ic  f o r m  and, second,  the probabi l i ty  of the occu r rence  of an 
i n t r a m o l e e u l a r  nucleophil ie addition of the amino group to the C = N bond. The probabi l i ty  of the o c c u r -  
rence  of i n t r amolecu l a r  nucleophil ic addition d e c r e a s e s  s ignif icant ly with dec reas ing  size of the r ing 
fo rmed ,  since the probabi l i ty  of the col l is ion of the reac t ion  cen te r s  d e c r e a s e s  with increas ing  dis tance 
between them in the molecule .  Since the s t r a in  of f ive-  and s i x - m e m b e r e d  r ings  d i f fers  only sl ightly,  the 
probabi l i ty  f ac to r  should be the de te rmin ing  fac to r  [6]. F r o m  this point of view,  one can explain the p r e s -  
ence in neu t ra l  solutions of homoese ro l ine  compounds of a mix tu re  of cycl ic  and open f o r m s  (III ~- IIIa) ,  
while the r i n g - c h a i n  t au tomer ic  equi l ibr ium for  ese ro l ine  de r iva t ives  in neutral  solutions is  shifted a lmost  
comple te ly  to favor  the cycl ic  f o r m  [1]. 

In the case  of ~ -amino indo l ines  of the XIII type it was  shown that r ing opening is  faci l i ta ted under  
neut ra l  conditions for  n > 1 [7]. 

~ H 2 ) n  
H 

Xll l n =I,2,3 

The posi t ion of the t au tomer i c  equi l ibr ium III ~ IIIa depends on the nature  of the solvent  and the pH 
of the solution. The UV spec t r a  (Table 1) of III indicate that the equi l ibr ium is  shifted to favor  the t r i -  
cycl ic  f o r m  in neut ra l ,  anhydrous solut ions.  Absorpt ion m a x i m a  at 247 and 291 nm,  which a r e  c h a r a c t e r -  
i s t ic  for  indoline absorp t ion  of the r ing t au tomer ,  a re  obse rved  in the spec t r a  of III  under  these  conditions.  
Changing the solvent po la r i ty  does not induce substant ia l  changes in the UV spec t r a .  

The PMR s p e c t r u m  of III  in deu t e roch lo ro fo rm (Table 2) also co r r e sponds  to a mix tu re  of the cycl ic  
and open f o r m s ,  and the r i n g - c h a i n  equ i l i b~um in this case  is  shifted to favor  the cycl ic  f o r m  by a fac tor  
of ~75%, as follows f r o m  a compar i son  of the signal in tens i t ies  f r o m  the protons  of the 4a -CH 3 and 3-CH 3 
and 9a-CH 3 and 2-CH3 groups .  

Addition of wa t e r  to an a l coho l i c so lu t i on  of III shif ts  the r i n g - c h a i n  t au tomer ic  equi l ibr ium to favor  
indolenine f o r m  IIIa .  In 50% ethanol UV absorp t ion  of the indolenine type is  obse rved  with ~ m a x  256 nm 
and log e 3.78 (UV s pec t rum  of 2 ,3 ,3- t r imethyl indolenine  in 50% ethanol: ~ m a x  257 rim, log e 3.76). 

The PMR s p e c t r u m  of III ,  obtained in a mix tu re  of CD~OD and D20 (4 : 1), a lso co r r e sponds  to a pure  
indolenine s t ruc tu re :  3-CH 3 1.42 s, 2-CH 3 2.36 s, 3 ' -CH 2 1.85-2.15 m,  3"-CH 2 1.25-1.54 m,  3m-CH2 2.49 t 
(J = 7.5 Hz), a r o m a t i c  pro tons  7.25-7.53 m,  exchanged pro tons  4.82 s. 
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TABLE I .  

Solvent 

UV Spec t ra  of I l l  in  V a r i o u s  Solvents  * 

100% C~HsOH 
96% C~HsOH 
50% CcHsOH 

Acetoni~ile 
Dioxane 
t-C4HgOH 

~,,,.=, nm 

222, 247 290 
222, 253 
256 
246, 293 
248, 291 
223, 246, 292 

Igs  

3,96, 3,75, 3,16 
4,02, 3,73 
3,78 
3,81, 3,30 
4,06, 3,63 
3,91, 3,83, 3,33 

*The UV s p e c t r a  w e r e  ob ta ined  with an  ERS-3T  ("Hitachi")  s p e c t r o -  
pho tome te r .  Here  and e l s e w h e r e ,  v a l u e s  c o r r e s p o n d i n g  to i n f l ec t i ons  
a r e  g iven  in  i t a l i c s .  

TABLE 2. PMR S p e c t r u m  of HI in  CDC1 a* 

Protons of form III 6, ppm Protom of form IIIa & ppm 

4a-CH8 
9a-CHa 
2-CH2 
3-CH2 
4-CH2 

Aromatic protons 

1,18 s 
1,23 s 

2,52--2,95 m 
1,11--1,35 m 
1,49--2,00 m 
6,38--7,45 m 

3-CH3 
2-CHa 

3"-CH2 
3"-CH2 
3'-CH2 

Aromatic promm 

1,05 s 
213 $ 

2,37 t '  (/=7Hz) 
1,11--1,35 m 
1,49--2,00 m 
6,38--7,45 m 

*The PMR s p e c t r a  we re  obta ined  by Yu. A. Us tynyuk  with a J N M - 4 H -  

100 s p e c t r o m e t e r  with an  ope ra t ing  f r e q u e n c y  of 100 MHz with t e t r a -  
m e t h y l s i l a n e  as  the i n t e r n a l  s t a nda r d .  The c h e m i c a l  sh i f t s  a r e  g iven  
in  the 6 s ca l e ;  s i s  s ing le t ,  d i s  double t ,  t i s  t r i p l e t ,  and m i s  m u l t i p l e t .  

TABLE 3. UV Spec t ra  of D i n o r d e o x y h o m o e s e r o l i n e  D e r i v a t i v e s  in  
Solut ions of V a r i o u s  pH 

C o r n -  

pound 

Ill 

IV 

V 

VI 

XI 

Formu~ 

CH 3 

s 

CH 3 
H a C ~  

H I H 
CH 3 

CH 3 

@. 
3 3 

' H3 

CHs 

Solution in 50% 
CzHsOH 

pH [Z . . . .  nml lg8 

8, I 223 4,07 
257 2,57 

221 3,94 
229 3,88 
242 3,75 
266 3,62 

221 4,1~ 
227 4,0~ 
259 3,7( 
287 3,44 

232 3,7( 
251 3,9', 
296 3,4[ 

233 3,8] 
250 3,8~ 
293 3,47 

Strongly acid Range of the 
solution in ill ~=~ Ilia 
50 % C2IIsOH ~quilibrium 

~.ma=,flml lga ,- ,ln pH units) 

3,6--2,0 

3,1--1,8 

3,6--1,4 

4,3--2.3 

5,5--3,0 

1 3 9 0  
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Fig. 1, UV spec t ra  of HI at var ious  pH 
values  (in 50% C2H5OH): 1) 8.1; 2) 3.6; 
3) 2.6; 4) 1.5. 

0,8 

C~6 

04 

0.2 

, j /  ! 
..~'~' 

~.'~ '.4 ,.--" . . . . . . . . . . . . . . . . .  

220 240 260 280 300 h D.n l  

Fig. 2. UV spec t ra  of VI at var ious  
pI-I values  ( i n  50% C2HsOH): 1) 8.8; 
2) 6.8; 3) 4.0; 4) 2.3. 

Compounds IV-VI and XI, which a re  d inordeoxyhomoeserol ine  der iva t ives ,  also exist  in the fo rm of 
an equil ibrium mixture  of ring and chain t au tomers  in neutral  50% aqueous alcohol solutions (Tables 3 and 
4), judging f rom thei r  UV spect ra .  In 50% ethanol d inordeoxy-9a-methy l -8 ,9 -d imethy leneesero l ine  (X) has 
a t e t racyc l ic  s t ruc ture .  

For  compound TII in acidic medium, s tar t ing at pH 3.6, the IIIa ~ IIIb equil ibr ium exis ts  and is  com-  
pletely shifted to favor  protonated indolenine at pH 2.0 (Fig. 1). Compounds IV, V, and XI (see Table 3) 
undergo s imi la r  t rans format ions  in acidic solutions.  

F o r  nordeoxy-9a-methy lhomoesero l ine  (VI) in 50% ethanol the cycl ic  fo rm apparent ly preva i l s  and, 
like Na-substi tuted esero l ine  der ivat ives  [1], is protonated at the N b atom 0tma x 232,246,  and 292 nm, 
log c 3.75, 3.92, and 3.40) in weakly acidic solutions (pH 5.1-6.8). The protonated cycl ic  fo rm and the in-  
doleninium salt a re  in equi l ibr ium at pH 2.3-4.3 (Fig. 2). 

H.C~ /CHH/~  CH 3 CH~ 
+H ~ ~ r ~ , / ~  .+H I~ ~ H 2 C H , C H 2 N H  3 

-H~c/c'"~l--" �9 i ~ 
3 VI C 3 H CH3 

It should be noted that protonation of the Nb atom and opening of the t r icye l ie  sys tem for  this com-  
pound are  accomplished in a medium of lower  acidity than for  i ts esero l ine  analog, which is associa ted 
with the lower  probabil i ty  of closing the piperidine ring.  

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

6-Bromo-4-methy l -2 -hexanone .  This  was obtained in 12% yield via the method in [8] and had bp 110- 
112 ~ (20 mm),  n~ 1.4671, and d'~ ~ 1.2885. PMR spect rum (CC14, TMS): 1-CH 3 2.06 s, 3-CH3 1.10 d (J = 7.1 
Hz), 3-CH 2.45 poor ly  resolved  sextet ,  4-CH 2 and 5-CH 2 1.76 m, 6-CH 2 3.49 t (J = 7.1 ttz). 

6 -Chloro-4-methyl -2-hexanone .  This  was s imi la r ly  obtained in 26% yield and had bp 85-87 ~ (18 mm),  
n~ 1.4401, and R f  0.56 [on act ivi ty II A1203 in b e n z e n e - c h l o r o f o r m  (17:3)] .  IR spec t rum:*  1720 cm -1 
(C = O), no hydroxyl  group absorption.  

Compounds of the Homoeserol ine  Ser ies .  These were  synthesized by the genera l  method of conden- 
sation of haloketones with a ry lhydraz ines  previous ly  descr ibed  for  the synthesis  of compounds of the e s e r o l -  
ine s e r i e s  [4]. The yields and constants of the compounds obtained are  p resen ted  in Table 4. 
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