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The r ing-cha in  t a u t o m e r i s m  of compounds with the e se r ine  skeleton has been inves t igated by 
UV and PMR spec t roscopy .  It is  shown that  these  compounds exis t  in neutra l  solution in the 
cycl ic  ~-aminoindol inc  form.  In acid solution, the pyr ro l id ine  r ing opens to fo rm the indole-  
nine salt ,  The re la t ionsh ips  between the posi t ion of the t au tomer ic  equi l ibr ium and the pH of 
the medium and the reg ions  in which equi l ibr ium mix tu r e s  exis t  have been de te rmined .  The 
r e v e r s i b i l i t y  of the r ing-opening p r o c e s s  of the t r i cyc l i c  s y s t e m  in acid media  has  been 
shown. I t  has also been shown that  d i n o r - 9 - m e t h y l e s e r m e t o l  exis ts  even in neut ra l  so lu-  
t ions as a mix tu re  of the r ing and chain t a u t o m e r s .  

It  has been shown prev ious ly  that r ing-cha in  t a u t o m e r i s m  is  poss ib le  in s eve ra l  alkaloids of the 
e se r ine  type, in s t rongly  acid solution [1]. Eser ine ,  d inordesoxysero l ine ,  e se rme to l ,  folicanthine, and 
calycanthine in weakly acid solution undergo only protonat ion at the N b a tom.  Under these  conditions, the 
UV spec t r a  show a modif ied indoline pa t te rn .  

We were  pa r t i cu l a r l y  in te res ted  in the p rob l em of proving  the r e v e r s i b i l i t y  of the p roces s ,  the r e -  
gions in which the equi l ibr ium A ~-- B ~ C exis ts ,  and the effect  on it of s t ruc tu ra l  fac tors ,  s ince these  
could be dec is ive  f ac to r s  in the physiological  act ivi ty of compounds of this type.  

Our r e su l t s  indicate that, in all  the compounds examined (see Table 1), reduct ion in pH r e su l t s  in the 
e s t ab l i shment  of the equi l ibr ium A ~ B ~- C. 
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Fig. 1. UV Spectra  of V in 50% 
ethanol at va r ious  pH values .  
1) pH 8.1, 2) pH 4.7, 3) ph 2.9, 
4) pH 1.8. 

In neut ra l  solution, compounds I -XII  p r e s e r v e  the py r ro lo -  
[2, 3-b]indole f ragment ,  with the r ing  s t ruc tu re  intact,  as shown 
by the UV and PMR spec t r a  [4, 5]. 

Compounds V-XI, which a re  subst i tuted at the indole n i t ro -  
gen a tom,  e x i s t  in weakly acid media  (pH 4.7-4.15) as  the p r o -  
tonated cycl ic  f o r m s  B. This  is seen c l ea r ly  on examining the 
UV spec t ra ,  for  example  of n o r d e s o x y - 9 - m e t h y l e s e r o l i n e  (V) 
(Fig. 1). The spec t rum of this  compound in 50% aqueous-a lcohol ic  
solution (pH 8.1) shows two m a x i m a  (Xmax 249, 300 nm, log 
4.02, 3.44), c h a r a c t e r i s t i c  of the indoline absorpt ion  in t r i cyc l ic  
e s e r i ne  ba se s .  Acidification of the solution to pH 4.7 r e su l t s  in a 
hypsoch romic  shift of both m a x i m a  by 4 nm as  a r e su l t  of p ro ton-  
ation of the N b a tom of the t r i cyc l i c  f o rm .  On fu r the r  ac id i f ica-  
t ion to pH 2.9, f i ss ion  of the pyr ro l id ine  r ing  takes  place,  and 
the UV spec t rum takes  a fo rm typica l  of indolenine sa l t s  {form 
C at pH 1.8). S imi lar  changes in the UV spec t r a  a re  obse rved  for  

* For  P a r t  XI, see [5]. 
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other  N a -  subst i tuted echibol ines (see Table 1). 

R\ c.~ r c.~ R c.~ e 

CH 3 CH 3 CH 3 CH a CH3 

On inc reas ing  the s t rength  of acid (1-5 M HC1), opening of the pyr ro l id ine  r ing  occurs ,  with the f o r -  
mat ion of indolenine sa l t s  whose s t ruc tu re  was shown spec t roscop ica l ly .  

In invest igat ing the t au tomer ic  convers ions  of compounds containing the P h - N - C - N  sys tem,  Fr i tz  
et al. [2, 3] found that, in the case  of echiboline, fo rmat ion  of the indolenine sal t  o c c u r r e d  even with an 
0.1 N alcoholic solution of hydrogen chlor ide.  

In o rde r  to examine fu r the r  the r ing-cha in  t a u t o m e r i s m  of compounds of types  A and D, we examined 
the UV spec t r a  of s eve ra l  compounds which we had synthesized p rev ious ly  [4], in aqueous-alcohol ic  solu-  
tion, at vary ing  pH values .  

CH ~ CHo CH~ *.e +.e 

I CH3\H I ctisI \H I 
R' I," H R' 

A B C 

R ~  R,R'= H, AIk 

R' tt 
D 

For  N a -  substi tuted echibolines, the hypsochromic  shift  on protonat ion in weakly acid media  amounted 
to 2 nm. The hypsochromic  shift  in the UV spec t r a  in weakly acid solutions (pH ~4) was obse rved  only in 
those compounds whieh p o s s e s s e d  an alkyl subst i tuent  on the N a atom, i .e. ,  those containing the 
P h ' N - - C - - N H  group. 

I 
R 

In the case  of compounds I-IV, containing the P h - N H - C - N H  group, the nature  of the absorpt ion did 
not change in weakly acid solution: at pH 2 (compound I) and pH 1.5 (compound Ii), opening of the p y r r o l i -  
dine r ing  began, and at pH 1 these compounds were  comple te ly  t r a n s f o r m e d  into the C fo rm (cf Fig. 2). 

Echiboline (II) opens the pyrro l id ine  r ing in a m o r e  acid medium than compound (I), which can p rob-  
ably be explained e i ther  by s t e r i c  hindrance to the a t tack by a proton of the N b a tom or  by the s m a l l e r  donor 
capaci ty  of a 9-CH 2 group as compared  with a 9-CH 3 group. 
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Fig. 2. UV Spectra  of echiboline 
(ID at var ious  pH values  (in 50% 
ethanol).  1) pH 7.5, 2) pH4.5-2 .2 ,  
3) pH 1.5, 4) pH 1.0. 

In compounds I-IV,  the protolyt ic  f iss ion took place in s t r o n g l y  
acid solutions that in the i r  N a - a l k y l  analogs.  

D inordesoxy-9 -methy l -7 ,  8 -d imethy leneese ro l ine  (X) and 
7,8-dimethyleneechibol ine (XI) to judge f r o m  the UV and PMR 
spec t ra ,  ex is t  in neut ra l  media  in the cycl ic  f o r m  [4, 5]. In weakly 
acid solution.(pH 5.15 for  X, and pH 4.4-3.0 for  XI) (see Table 1), 
protonat ion at the N b a tom takes  place .  On fu r the r  acidif ication 
of the solutions,  the indolenine sa l t s  a re  fo rmed.  

E, H3 ~,  

X 

The UV spec t r a  of X and XI in acidic aqueous alcohol, in10% 
HC104, and in concent ra ted  sulfuric  acid a re  s i m i l a r  to that of 
2 - m e t h y l - I ,  7 -d imethy lene t ryp tamine  (XIII) in concent ra ted  sulfur ic  
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ac id ,  t h i s  b e i n g  p r o t o n a t e d  u n d e r  t h e s e  cond i t ions  in the  3 - p o s i t i o n  of  the  indole  r i ng  to f o r m  the  p r o t o n a t e d  
indo len ine  [1]. UV S p e c t r u m  of  XIII  in c o n c e n t r a t e d  s u l f u r i c  a c i d :  k m a x 2 3 0 ,  264, 270, 289 nm, lg  ~ 3.11,  
2.92,  2.90,  2.19.  

H @ 
~'~-'-~T-CH2--C"2--N H2 +2H~ ~CH2--CH2--NH 3 
%~,M,,XCH3 c o n ~  H-~'O 4 ~__~f, CH3 

X I l l  

The s p e c t r a  of X and XI in s t r o n g l y  ac id  so lu t ion  ( see  Tab le  1) d i f f e r  s o m e w h a t  f r o m  those  of d i n o r -  
d e s o x y - 9 - m e t h y l e s e r o l i n e  (I) and e c h i b o l i n e  (II), r e c o r d e d  u n d e r  the  s a m e  c o n d i t i o n s .  Th i s  cou ld  be due to 
s t r u c t u r a l  d i f f e r e n c e s ,  n a m e l y ,  to the  7 8 - d i m e t h y l e n e  group ,  r e s u l t i n g  in c o m p l e t e  p l a n a r i t y  of the  N a 
a t o m .  

UV s p e c t r a  r e c o r d e d  at  v a r i o u s  pH v a l u e s  p o s s e s s  i s o s b e s t i c p o i n t s ( s e e  F i g s .  1 and 2), i n d i c a t i n g  
the o c c u r r e n c e  of an e q u i l i b r i u m  b e t w e e n  the  r i n g  and the o p e n - c h a i n  f o r m s .  In o r d e r  to p r o v e  m o r e  c o n -  
c l u s i v e l y  the  r e v e r s i b i l i t y  of  the  p r o c e s s  A r B ~ C, we r e c o r d e d  the UV s p e c t r a  of  a l l  the  c o m p o u n d s  
a f t e r  a c i d i f i c a t i o n  with  chang ing  pH in the  a l k a l i n e  r e g i o n .  The s p e c t r a  of s o l u t i o n s  with a g iven  pH, o b -  
t a i n e d  by  b a s i f y i n g  s t r o n g l y  a c i d  so lu t i ons ,  w e r e  i d e n t i c a l  in a l l  r e s p e c t s  wi th  t h o s e  fo r  the  s a m e  pH v a l u e s ,  
o b t a i n e d  by  b a s i f i c a t i o n  of the  i n i t i a l  s o l u t i o n s .  

The PMR s p e c t r a l  data ,*  r e c o r d e d  in t r i f l u o r o a c e t i c  ac id ,  c o n f i r m e d  the p r e s e n c e  u n d e r  t h e s e  c o n -  
d i t i o n s  of  the  p r o t o n a t e d  i ndo len ine  s t r u c t u r e  in c o m p o u n d s  with  the  e s e r o l i n e  s t r u c t u r e .  

The s u b s t a n t i a l  sh i f t  t o w a r d s  l o w e r  f i e l d  ( ~ 1 . 5  ppm) of the  m e t h y l  g r o u p s  in the  8 and 9 p o s i t i o n s  of 
the  e s e r o l i n e  c o m p o u n d s  m a y  s i m p l y  be due to the  f o r m a t i o n  of the  i ndo len ine  s a l t .  

3ta-CH3 
9-CH3 

2-CH~ 
3-CH~ 
aromatic 
protons 

NH 

CC14 

4 CH 3 

s ~ ~.N~!~N~ 
7 / CH3\ 

H H 

1,33 s 
1,4I s 

2,5--2,8 m 
1,6--2,1 m 
6,38--6,94 m 

3,6I( broad hump) 

CH3 H 

3a-CHs 1,15 s 
9-CHs 1,19 s 

2-CH~ 2,2--2,8 m 
3-CH= 1,4--1,9 m 
8-CH8 2,67 s 
aromatic 6,0~--6,81 m 
protons 

NH 2,16 s 

CF~COOH 

CH2--CH2--NH 3 

H 3 
H 

3-CH~ 1,69 s 
2-CH3 2,90 s 

3cr 2,78 s 
aromatic 7,68 s 
protons 

NH3 + 7,02 (broad hump) 

CH~ 

T~CH2--CH~-N Hs 

CH 3 

3-CHs 1,66 s 
2-CH2 2,8~ s 

3<z,~-CH= 2,74 s 
1-CHs 4,11 s 

aromatic 7,76 s 
protons 
NH3 + 7,14 (broad hump) 

* The PMR s p e c t r a  w e r e  r e c o r d e d  on a J-NM-4H-100 i n s t r u m e n t ,  wi th  a w o r k i n g  f r e q u e n c y  of 100 MHz, by 
Yu. A. Us tynyuk .  The v a l u e s  f o r  the  c h e m i c a l  sh i f t s  a r e  g iven  on the  s c a l e  r e l a t i v e  to  t e t r a m e t h y l s i l a n e  
(s = s i n g l e t ,  d = doub le t ,  t = t r i p l e t ,  m = m u l t i p l e t ) .  

1193 



F-
a 

~D
 

rA
B

L
E

 
1.

 
U

V
 

S
pe

ct
ra

 
of

 
D

in
or

de
so

xy
es

er
ol

in
e 

D
er

iv
at

iv
es

 
at

 
V

ar
io

us
 

C
o

m
- 

p
o

u
n

d
 

II
 

[I
I :V

 

V
I 

Fo
rm

ul
a 

3H
 

V
al

ue
s 

I 
W

ea
kl

y 
ac

id
 

R
eg

io
n 

St
ro

ng
ly

 a
ci

d 
[R

eg
io

n 
So

lu
tl

on
 i

n 
69

%
 

so
lu

ti
on

 i
n 

50
%

 
!i

n 
w

hi
ch

 
so

lu
ti

on
s 

in
 6

0%
 j

of
 e

qn
i-

 
et

ha
no

l 
(p

ro
to

n-
 

if
or

m
 B

 
et

ha
no

l~
ri

ng
~

. 
[l

ib
ri

um
 

et
ha

no
l 

at
ed

 f
or

m
 B

) 
. e

xi
st

s,
 

op
en

ea
 

m
rm

~
 

B
--

C
, 

pH
 

n
m

~
 

..
..

 
lz

 s 
X

nm
~'

 
lz

 e
 

pH
 u

ni
ts

 
Z

~.
~,

 
lz

 8
 

pH
 u

ni
ts

 

C
H

~ 

�9
 #

 

It 
I H

 

C
H

a\
 

C
i!3

 

It
 

It
 

C
H

 a 

" 
CH

 3 

I 
c'

3\
 

C
H

 a 
H

 

C
H

 3 

. 
i 

c,
,N

 
ph

il
2 

C
 

3 
H

 

~1
7 

~
3"

 
2~

38
 

2~
3 

~1
6 

22
4 

23
8 

28
6 

2~
0 

94
3 

26
3 

28
5 

8,
, 

8,
3 

4,
03

 
3,

94
 

3,
87

 
3,

40
 

3,
96

 
3,

86
 

3,
89

 
3,

43
 

4,
03

 
3,

93
 

3,
,'~

5 
3,

65
 

4,@
Z 

3,
90

 
3,

75
 

3.
33

 

4,
02

 
3.

44
 

4,
00

 
3,

39
 

--
t 

24
5 

29
5 

2~
7 

29
7 

4,
06

 
3,

47
 

3,
98

 
3,

39
 

--
3,

8 

--
3,

C
 

27
7 

9.
3~

 
33

9 
28

0 

~,
0-

- 
1,

0 

[,,
5-

-1
,0

 

2,
2-

--
 1

,2
 

3,
83

 
2,

9-
-1

,8
 

3,
81

 
3,

77
 

3,
76

 
~2

,.6
--

1,
3 

3,
74

 
3,

56
 

0%
 

H
C

I0
4 

~'
m

ax
" 

12
 

20
1 

23
7 

28
2 

23
3 

23
8 

.)3
q 

.>
43

 

23
~ 

24
0 

28
8 

23
1 

93
8 

98
0 

23
2 

~
8 

-)7
6 

13
 

3,
88

 
3,

84
 

3,
8~

 

3,
72

 
3,

69
 

3,
05

 

3,
86

 
3,

8~
 

3,
80

 

3,
76

 
3,

75
 

3,
76

 

3,
63

 
3,

62
 

3,
81

 
3,

78
 

3,
69

 



b.
a 

CD
 

r 

T
A

B
L

E
 1

 (
co

nt
in

ue
d)

 

V
II

 

V
II

I 

IX
 

X
 

X
I 

X
lI

 

X
II

I 

C
H

 3
 
H
 B
 

I 
H

 s
 H

 3"
~.t

l 
O

C
H

 3 

C
H

 3
 

C
H

3
0

\
~

 

H
 / 

C
H

~ H
 

7,
8 

8,
4 

8,
04

 I
 

7,
3 

7,
0 

8,
2 

7.
7 

24
r 

29
3 

25
4 

3i
)4

 

26
1 

24
3 

20
'2

 

24
4 

29
0 

22
5 

2~
 

21
8 

3,
9,

2 
3,

38
 

3,
84

 
3,

33
 

3,
84

 
3,

38
 

3,
8~

 
3,

46
 

3,
76

 
3,

41
 

3,
95

 
3,

90
 

3,
81

 
3,

41
 

4,
{]

~ 
3,

87
 

24
5 

29
1 

25
0 

30
0 

24
9 

29
8 

2'4
1 

29
0 

28
8 

;,8
7 

~9
3 

1,
38

 

~,8
6 

L
~

 

1,
93

 
~,

47
 

;,7
7 

;,,4
1 

23
3 

23
9 

27
6 

23
4 

24
2 

28
5 

23
5 

24
3 

28
6 

23
O

 
25

7 
26

5 
27

3 

24
~ 

26
3 

27
~1

 
2~

 

23
7 

24
3 

2'
85

 
3~

4 

24
2 

28
7 

29
7 

31
0 

3,
66

 
3,

63
 

3,
70

 

3,
72

 
3,

72
 

3,
67

 

3,
81

 
3,

79
 

3,
7'

3 

3,
66

 
3,

19
 

3,
11

 
3,

98
 

3,,
26

 
3,

00
 

3,
06

 
2,

83
 

3,
~ 

3,
64

 
3,

58
 

3,
57

 

3,
79

 
3,

71
 

3,
7'

5 
3,

78
 

*
V

al
u

es
 o

f 
~

'i
nf

le
ct

io
n 

ar
e 

u
n

d
er

li
n

ed
. 

~
U

n
d

er
li

n
in

g
 

si
g

n
if

ie
s 

th
at

 t
he

 s
p

ec
tr

a 
ar

e 
id

en
ti

ca
l 

w
it

h 
th

o
se

 o
f 

th
e 

in
it

ia
l 

so
lu

ti
on

. 

2,
7-

-1
,5

 I
 

3,
4-

-2
,1

5 

3,
~-

2,
1 

2,
6-

--
I ,

0 

2,
5-

-1
,5

 

2,
0-

-I
,1

 

3,
1-

-1
,1

 

23
3 

23
8 

27
8 

23
4 

24
1 

28
6 

~3
5 

24
3 

28
5 

23
0 

26
3 

27
0 

28
7 

24
t2

 
26

4 
27

1 
98

5 

2
~

 
28

3 
3~

5 

24
4 

28
] 

'29
7 

31
1 

3,
66

 
3,

63
 

3,
60

 

3,
89

 
3,

88
 

3,
84

 

3,
73

 
3,

76
 

3,
73

 

3,
01

 
2,8

~2
 

2,7
~6

 
2,

35
 

2,
98

 
2,

97
 

2,
,9

5 
2,

66
 

3,
43

 
3,

46
 

3,
46

 

3,
81

 
3,

62
 

3,
68

 
3,

78
 



The ease  of f iss ion of these  compounds appea r s  to depend to s cons iderable  extent on the e lec t ron  
densi ty at the N a a tom,  The sal t  In, fo rmed  by protonat ion of the N b atom in I, undergoes  heterolyt ic  f i s -  
sion of the C -N  b bond, with synchronous shift  Of the p e lec t rons  on the N a atom to the nodal a tom C- �9 

CH 3 CH 3 

II I II H la II 

The m o r e  readi ly  this shift  is  able to occur ,  the mi lde r  a re  the conditions under  which f i ss ion of the 
pyr ro l id ine  r ing takes  p lace .  

I t  has been shown prev ious ly  [3, 6, 7] that  introduction of e lec t ron-donat ing  groups into the 5 posit ion 
of the a roma t i c  r ing r e su l t s  in a reduct ion in the e lec t rophi l ic  c h a r a c t e r  of the nodal C* atom. The same  
effect  should be produced in the p r e s ence  of N a -  alkyl subst i tuents .  By inc reas ing  the e lec t ron  density at 
Na, the alkyl group faci l i ta tes  the shift  of p e lec t rons  f r o m  the N a a tom to the nodal atom C*, and the 
f i ss ion  of the C * - N  b bond. The same effect  should also be obse rved  on introducing e lec t ron-donat ing  sub-  
s t i tuents  into the benzene r ing  (see below). Hence, in compounds with ni t rogen substi tuents,  f i ss ion of the 
pyr ro l id ine  r ing and fo rmat ion  of the indolenine s a l t  p roceed  at  lower  acidi t ies  than in the case  of I and 
II (see Table 1). 

H3COC COCH 3 
XIV 

The diacetyl  der iva t ive  of d ino rdesoxy-9 -me thy le se ro l ine  (XlV) [4] p o s s e s s e s  a t r i cyc l i c  s t ruc tu re  
which is  unchanged on t r e a t m e n t  with acids .  In this case,  the p e lec t rons  of the N a a tom a re  bound to the 
acetyl  group, and cannot be t r a n s f e r r e d  to the nodal C*. Consequently, he te rocyc l ic  f i ss ion of the C* - N  b 
bond is not poss ible .  The UV spec t rum of XIV is unchanged at all  pH values,  having two absorpt ion max ima:  
Xmax 246, 281 nm, log ~ 3.95, 2.91 (in 50~0 ethanol). The PMR spec t rum of XIV exhibits  the following s i g -  
nals (in CDC13), in ag reemen t  with the t r i cyc l i e  s t ruc tu re :  3a-CH 3 (1.25, s), 1, 8-COCH3 (1.85, s), 9-CH~ 
(2.68, s, shifted s t rongly towards  lower  field as a r e su l t  of desc reen ing  by the acetyl  groups),  2-CH 2 (2.96- 
3.51, m), 3-CH 2 (2.33, t), a romat i c  protons  (7.1-7.3, m, H 7 8.09, d; J7-6 = 8 Hz). 

The monoacety l  der iva t ive  of no rdesoxy -9 -me th l e se ro l i ne  (XV) in neut ra l  solution also p o s s e s s e s  
the t r i cyc l i c  form.  The PMR spec t rum (in CDC13) contains four  s inglets  cor responding  to the four  methy l -  
ene groups:  3a-CH 3 (1.12), 9-CH 3 (1.72), CH3CO (1.89}, 8-CH3 (3.01). 

In 50% alcohol at pH 7.2, the UV spec t rum of XV shows two m a x i m a  ()~max 255, 301 nm, log e 3.96, 
3.01), c h a r a c t e r i s t i c  of the absorpt ion  of the t r i cyc l i c  fo rm (Fig. 3, curve  1). Acidification of the solution 
to pH 6.6 causes  the f i ss ion  of the t r icyc l ic  r ing  to begin, and at pH 4.9 the monoacety l  der iva t ive  is  c o m -  
ple te ly  conver ted  into the open-chain  fo rm (curve 3, Fig. 3, Xmax 234, 237, 279 rim, log ~ 3.74, 3.72, 3.67). 

~ H 3 CH 3 
~ H 2 - - C H 2 - - N H - -  Co Ch a 

v -N- ~CH 3 

H3C COCH 3 CH 3 
XV 

This anomalous  ease  of f i ss ion of the monoacety l  der iva t ive  XV is  to be explained by the fact  that, in 
th is  ease,  there  is  no necess i ty  for  protonat ion of the N b atom, since the requ i red  shift of a e lec t rons  
f rom the C - N  b bond to the N b atom has a l ready been accompl ished  by the acetyl  group. In prac t ice ,  t he re  
is  sufficient solvation to br ing  about the f iss ion p r o c e s s .  

In saying that, in neutra l  solutions,  compounds of the e se ro l ine  type exis t  in the cycl ic  form,  it mus t  
not be forgot ten that  one is speaking only of a shift  in the t au tomer ic  equi l ibr ium A ~- E ~ F. 
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Fig. 3. UV Spectra of XV at var ious  
pH values (in 50~ ethanol). 1) pH 7.2, 
2) pH 6.6, 3) pH 6.1, 4) pH 4.9. 

The deuter ium exchange PMR spect ra  [5] show that the 
tau tomer ie  in terconvers ion A ~ E ~ F takes place even at pH 
8-9 in prot ic  solvents, since deuterium exchange at the 9-CH 3 
group is possible only in the presence  of form F in the equilib- 
r ium mixture (by analogy with deuterium exchange in carbonyl  
compounds).  

It was shown in the case of echiboline derivat ives  [3] that 
opening of the pyrrol idine ring in neutral  solution was facilitated 
by the p resence  of the electron-donat ing methoxy group in the 
p position to the N a atom. In methanolic solut ion 6-methoxy-  
echiboline exists as an equilibrium mixture of the r ing-opened 
and cyclic forms,  whereas in cyelohexane this compound has the 
te t racyc l ic  s t ructure .  

The PMR spect rum of d ino r -9 -me thy lese rme to l  (XVI) in 
CC14 at 20 ~ is in agreement  with the t r icycl ie  s t ruc ture :  3a-CH 3 - 
1.27 (s), 9 - C H 3 -  1.35 (s), 5-OCH3 - 3 . 8 5  (s), 3 - C H 2 -  1.77-2.15 
(m), 2-CH2 - 2.55-2.92 (m), NH - 1.90 ppm. 

It follows f rom the UV spec t ra  of XVI (see Table 2) that, in neutral  aqueous-alcoholic  solutions, the 
tautomerie  equilibrium XVI ~- XVIa is a lmost  completely shifted towards the r ing-opened indolenine fo rm 
charac te r ized  by the absorption of 275 nm [3]. 

7 H;.i i3 0 CH3 CH30 \ ~ CH~ ~) 

.,,~/. ~.N.7 .~ C H 3 ~..~ ~ . ~  \C H 3 

XVl  XVl  a x v l  b 

In absolute t-butanol,  the UV spect rum consis ts  of the super imposed absorpt ions due to the indoline 
and indolenine chromophores .  In dioxane, acetonitr i le ,  and cyclohexane, the equilibrium is shifted towards 
the t r ieycl ic  indoline form XVI. In acid solutions (pH 3.1-1.1), the indolenine salt XVIb is formed, the UV 
spect rum of which is identical with that of protonated 6-methoxyeehiboline [3]. 

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

Method of Recording UV Spectra at Differing pH Values. The spect ra  were recorded  on an ERS-3T 
("Hitachi") instrument .  A solution of the given compound of the required  concentrat ion (~1.10-5 M) in 50% 
ethanol (100 ml) in a t i t rat ion flask was t i t ra ted with a 5 N solution of hydrochlor ic  acid, the pH of the solu-  
tion being determined with an OP[401]l (Hungary) t i t r ime te r  at 20 ~ with s t i r r ing  with a magnetic s t i r r e r .  
The change in volume was so small  as to have no effect on the UV absorption. To measure  the pH, samples 
were withdrawn and placed in cure ts  for spect rophotometry .  In o rde r  to check the revers ib i l i ty  of the spec-  
tra,  the acid solutions were back- t i t ra ted  with 5 N potass ium hydroxide. 

TABLE 2. UV Spectra of Dinor -9 -methy lese rmeto l  (XVI) 
in Various Solvents 

Solven~ ~'rnax, nm lg 

3~55, 3,1B Absolute t-C 4HgOH 
900/o t-C4HgOH 
80~ C~H~OH 
Dioxane 
Acetonitrile 
Cyclohexane 

2z18, 2q~4, 309 
27~ 
L~76 
2~8, L~0,  314 
246, 280, 310 
254, 284, 810 

3,~5, 
3,60 
3,66 
3,95. 
3,82, 
3,69, 

3,59, &57 
3~7, 3.47 
3,36, 3:,40 
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