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Yunusov and Yuldashev and their  co-workers have isolated a series of alkaloids from plants of the genus Vinca 
[1-10]. 

We have previously studied the frequencies in the IR spectra of vincanine and its derivatives [11 ]. With the object  
of a more deta i led  invest igat ion of the structure of the alkaloids,  we have measured the integral  intensities of their  IR 
bands for the stretching vibrations of the NH, C = O ,  and C = C  groups. 

!ntegral  intensities of the IR bands of the stretching vibrations of the NH ~roups. The alkaloids vincanine,  v iner -  

H 
I 

vine akuammic ine ,  and ervamine contain the grouping Ar--NnC= C--CO--R, which can evident ly  form 
so-ca l l ed  che la te  hydrogen bonds in these alkaloids [12]. 

Tlae NH stretching vibrations in such systems with ~r-electrons are displaced towards the low-frequency region of 
the spectrum by only 50-200 c m ' t  while chela t ion with the par t ic ipat ion of  O-H and other acceptor  groups leads to 
considerable d isp lacement  of Vma x OH to 1000 cm - t  [12]. 

It can be seen from the table  that the frequencies and integral  intensities of the bands of the NH stretching v ibra-  
tions differ substantial ly in the indole and the indoline alkaloids .  The max imum absorption of the NH band in Jndole 
(I)* is 3490 c m ' l ,  with an intensity of 1.75 x 104 units. The intensity of the NH band in norharman (II)  is somewhat 
higher than in indole because of the condensation of the he te rocyc l ic  pyridine nucleus with the indole.  At the same 
t ime,  in ha rman( I I I )  the intensity of the band studied decreases,  which is apparent ly due to the influence of the e l e c -  
t ron-donat ing substituent CH s. The frequency of the NH bands in indole,  harman,  and norharman is fair ly high ( 3 4 8 0 -  
3490 c m - t )  and corresponds to the stretching vibrations of a NH group not bound by a hydrogen bond. 

Reserpinine (XVII) absorbs at Vma x = 3475 e r a - 1  A = 1.60 X 104 units, and O-ace ty l tomboz ine  (XIV) has Vma x = 
=3475 cm -1, A = 1.93 x 104 units. 

The high values of the intensities of the NH bands in indole and the indole alkaloids are due to the influence of 
conjugation on the nitrogen atom of the he terocycle  with the nucleus, which leads to the appearance of an induced 

C) I~NH 
dipole  moment  of the NH bond along its coordinate,  i . e . ,  o q N t  t , rises, and, in its turn, this leads to an increase 

in the integral  intensity of the NH bond. 

In the indoline alkaloids [v incan ine( IV) ,  dihydrovincanine (V), akuammic ine  (X), d ihydroakuammicine  (XII), 
and the O-methy l  ether of vinervine (XI) ] the frequency of the NH stretching vibrations is low in comparison with that 
of the indole a lkaloids .  This decrease in Vma x NH is evident ly  connected with the formation of various types of hydro-  
gen bonds. To gain an idea of the types of hydrogen bonds from the NH frequencies is diff icul t ,  since al l  the ir:doline 
alkaloids (IV), (V),  (VII I ) - (XII )  absorb in a narrow range of frequencies from 3410 to 3325 c m  -1. 

It can be seen from the structure of vincanine (IV), dihydrovincanine (V), akuammic ine  (X), the O-methy l  ether 
of vinervine (XI),  and ervamine  (XV) that in these compounds the formation of a che la te  bond between the C=O and 
NH groups is possible. The presence of such a bond should natural ly  cause an increase in the integral  intensity of the 
NH band as compared with those compounds in which the chela te  bond is excluded.  In ac tual  fact ,  the values of the 
integral  intensities of the bands of the NH stretching vibrations in akuammic ine  (X) and vinervine O-methy l  ether (XI) 
are almost three t imes higher than the intensity of the dihydro derivatives (XII) and (XIII) corresponding to them.  Thus, 
for example ,  the intensity of the NH band in akuammic ine  (X) is 1.75 × 104 units, while for dihydroakuamm:;cine 
(XII),  where chela t ion  is impossible because of the absence of a double bond, it is 0 .60 × 104 units, although the 
change in their  frequencies at the maximum of the NH absorption is only 16 c m - 1  

* Here and below, the numbering of the substances is as given in the tab le .  
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Frequenc ies  and Integra l  Intensi t ies  of the Bands of the S t re tch ing  

Vibrat ions of the  NH, C=O, and C = C  Bonds in CHC13 

No, 

II 

[I1 

IV 

V 

Vt 

VII 

Substance  

I 
H 

I 
H R 

R : : CHa 

' R, R 2 H 

R,=C~9 

Rz-- =CH- C.:, 

RI = CHO 

R.2 = CH2 --  C H a .  

~max, cm'l  
A • 10 -4, 
cm ~ l • m -1 

3490 1.7~ 
1623 0.24 
1588 

3473 
t629 
1568 
1500 

3480 
1630 
1577 
1503 

R~ :-: C ~ N  

3340 
1667 
1615 
1552 

R2 . . . .  C[t - - Ctta 

N 

H R, R,~ 

3325 
1640 
1609 
1551 

3418 
3300 
1643 
1615 

R, = C~OH 

RZ: =CH-CH~ 1662 
1603 

I .9a 
O. 80 
0.25 
0 , 4 5  

| , 2(} 
1.  ()~ 
0.45 
0.60 

1,3• 
2.30 
1.36 
7.50 

1.40 
2.00 
1. ]o 
6.5o 

I .  Oo 
2 . 0  o 
3.2o 
2.20 

| • 25 
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[Table  ,continued from previous page] 

No. 

Vill 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 

substance 

RI = CHa 

R.~ = : CH -- GIla 

R1 : CHa 

R2 : CH2 -- CHa 

CH~ 
r~ C~ 

0 ~ OCH 3 

R = 0CI-13 

' R=H 

c% 
0 ~ OCH 3 

R = OCHa 

0 

C~ 

/CH~ 

C 
0" "OCH~ 

Vmax, cm "1 

3410 

1610 

3410 

1610 

3382 
1667 
1603 

3398 
1730 
1608 

3390 
1667 
1600 
1495 

3390 
1734 
1619 
1595 

3475 
1730 

3380 
1673 
1610 

A" 10 -4, 

cm -2 I • m "1 

0.50 

0.80 

0,50 

0.75 

1.75 
9.0o 
6.0o 

0.60 
3.0o 
0.90 

9.0o 
6.00 
1.2o 

O. 60 
3.2o 
I.Io 

1.93 
4.60 

I . 4 0 

6.20 
450 
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[Table  concluded]  

No. 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

Substance 

H COOC ~.,,~ ~cH3 

A I 6 1  D 

R = H  

R = H  

R = H  

Vmax, c m ' l  

3380 
1726 
1608 

3475 
1695 
1630 
1503 

3345 
1725 
1628 
1507 

3382 
1722 
,630 
1508 

A" 10 -4 , 
cm -2 l • m -1 

O. 70 
3.50 
1.3 o 

1.6 o 
4.3o 
3.5o 
0.60 

1 .3~ ;  

9.8o 
6.0.  
1.2~ 

1 . 3 0 
9.80 
6.20 
1.48 

3442 1.0 o 
3180 3-50 
1710 lO.O 
1628 } 6.80 
1605 1.4o 
1508 

3440 2.00 
3180 } 3.5o 
1710 
1690 10.5 

1630 
1504 

6.50 
1.3o 

H O 
i / /  

In the compounds of the vincanine type and those re la ted to it containing the grouping = C - - N  - - C  = C - -  C - -  R 

with ~r-electrons, the appearance  of a quas i -aromat ic  s ix -membered  ring with a hydrogen bond is assumed [13, 14]. 

In the hydroxyindole alkaloids (XVII)-(XXI) ,  the frequencies and integral  intensities of the bands of the NH 
stretching vibrations are close to those of the indotine alkaloids with a chela te  bond. Thus, the spectral  character is t ics  
of maid ine  (XVIII) p rac t i ca l ly  coincide with the characteris t ics  of vincanine (IV).  The increase in the value of the 
integral  intensit ies of the NH bands in the hydroxyindole alkaloids as compared with dihydroindoline alkaloids can be 
expla ined ,  on the one hand, by an increase in the polari ty of the NH bond as a result of the a t t rac t ion  of the unshared 
pair of electrons of the nitrogen atom of the amino group to the oxygen atom of the carbonyl group and, on the other 
hand,  by the possibil i ty of the formation of in termolecular  hydrogen bonds. 
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In the IR spectrum of the hydroxyindole a lkaloid  viner idine (XX) and its synthetic analog hydroxyindolereserpinine 
(XXI), two bands with m a x i m a  at 3180 and 3440(3442) cm -1 appear in the 3100-3500 cm "l region.  The first of the 

bands in the compound mentioned is ex t remely  broad (diffuse).  This gives grounds for assuming that it arises from in te r -  
molecular  hydrogen bonds .  In ac tual  fact ,  in the IR spectra of these two compounds in highly dilute solutions and with 
correspondingly thick absorption layers,  the broad band with a maximum at 3180 cm -t disappears comple te ly ,  and only 
a high-frequency NH band at 3440 cm-1 remains .  The la t ter  evident ly  relates to the free vibrations of the NH bond. 

When vineridine (XX) is ace ty la ted  and re - formed,  it is transformed from a less l ab i le  form into one which is 
more stable; and is ident ica l  with vinerine (XIX) [9]. The spectroscopic results indicate  that vinerine (×IX) has one NH 
band with a max imum at 3382 c m ' a ( A  = 1.30 × 104 units). However, in the spectrum of vineridine (XX), as has been 
ment ioned,  in addi t ion to a h igh-f requency band (3442 c m ' l ) ,  a broad band (3180 c m - l )  appears which is due to in t e r -  
molecu la r  hydrogen bonds. On the basis of chemica l  results, this difference in the IR spectrum in the region ment ioned 
can be expla ined by the assumption that vinerine and vineridine differ by the conformation of the C and D rings (see  

tab le ,  subst:ance XVIII). 

Inte['iral intensit ies of the IR bands of the stretchin 8 vibrations of the C=O and C=C bonds, in the alkaloids,  a 
series of bands,  whose assignment causes diff icul t ies ,  appears in the  1500-1700 e m - i  r eg ion ( see  tab le ) .  These d i f f i -  
cult ies are evident ly  connected with the fact that the structure of the molecules  of these alkaloids is ex t remely  complex 
and contains a grouping consisting of C=C bonds of an aromat ic  and an a l iphat ic  nature,  C=O, and NH, while various 
types of H bonds can also be formed.  

In the compounds indole ( I ) ,  norharman (II) ,  and harman (III) ,  from two to three bands appear in the 1500-  
1700 cm-1 region through the vibrations of the aromat ic  and he te roaromat ic  rings. The intensity of these bands is low. 
In vincanine (IV) three bands appear  in the region under invest igat ion.  We previously assigned the h igh-f requency band 
with a max imum at 1667 cm -a to the stretching vibrations of the C=C of an e thyl idene group [11]. However, the in -  
tensi ty of this band is fair ly high ( 2 . 9 0  X 104 units), while the intensity of the band with a max imum at 1615 cm "l 
is 1.36 × 104 units, i . e . ,  approximate ly  equal to the intensity of the h igh-f requency band in harman (III)o This band 
with a max imum at 1615 cm"t  in vincanine relates to the vibrations of the aromat ic  and he te roaromat ic  nucle i .  So far 
as concerns the 1667 cm "l band of vinCanine, it is apparent ly due to complex vibrations of the grouping 

O 
/ /  

- -  N H - - C  = C - - C  since in dihydrovincanine (V),  where the e thylenic  bond is lacking,  a band with a max imum 
\ 

H 
at 1640 cm "t whose intensi ty is 2 .0  X 104 units also appears.  

Furthermor.e, it can be seen from the table  that vincanine (IV) and dihydrovincanine (V) each have a band at 

1552 cm -1, the intensit ies of these bands being 7.5  X 104 and 6.5  X 104 units respec t ive ly .  

Such high values of the intensi ty of this band show that powerful conjugat ion and a strong hydrogen bond are 

I I 1 
present here in the system ~ N / ~ /  . This leads to a considerable polar iza t ion  of the C=O bond of the a ldehyde .  

I ! 
H / / C \  

O H 

The band at 1552 cm -1 in vincanine (IV) and dihydrovineanine (V) relates to the C=O stretching vibrations of 
the a ldehyde,  since in the  ni t r i le  der ivat ive  of vincanine (VI) they disappear comple t e ly .  

When the intensit ies of the bands of the vibrations of the double bonds (r ing and s ide-cha in)  in dihydrovincanine 
(VII) ,  deoxTdihydrovincanine (VIII),  and deoxyhexahydrovincanine (IX) are compared,  it can be seen that  the intensity 
of the band of the e thylen ic  double bond is ev ident ly  low in view of the fact  that its contribution has p rac t i ca l ly  no 
effect  on the over -a l l  to ta l  intensity of the band at about 1600 cm "1. 

The tab le  also shows that  in compounds in which there is an ester group as well  as an a ldehyde group [ a k u a m m i -  
cine (X),  vmervine O-me thy l  ester (XI) ], bands appear at about 1667 and 1600 cm -i  whose integral  intensi ty is 

markedly  increased.  It is known that the in tegral  intensit ies of the C= O bands of esters have values of from 2 . 7 - 3 . 5  X 
Xl04 units ( in  CHC1,) [15]. In our case, the intensity of the h igh-f requency band at 1667 cm "I is 9 .0  x 104 units, 
and the intensi ty of  the band at about 1600 c m  a is 6. 0 x 10 4 units.  This sharp rise in the intensity of the bands m e n -  
t ioned is apparent ly  the result of the strong conjugat ion of the C--O of the ester group with the double bond of the ring 
and the influence of the in t ramolecula r  hydrogen bond in consequence of which an increase in the polari t ies  of both the 
C=O and the C=C bonds takes p lace .  In ac tua l  fact ,  in the  dihydro derivat ives  of these two compounds, i . e . ,  in c o m -  
pounds (XlI)  and (XIII),  the frequencies and integral  intensit ies of the C=O and C=C bands have the normal values.  
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Thus, for example,  in dihydroakuammicine (XlI) the C=O band absorbs at ] 730 cm -1, and its intensity is 3 .0  × 104 
units, while the band of the vibrations of the double bonds of the rings has a value of ] fl08 cm-1 and A = 0.90 × ] 04 
units. 

In ervamine (XV) the value of A for the C= O group is somewhat lower than the same values in compounds (×)  
and (XI). Probably, although the ester group in ervamine(XV) is also conjugated with a double bond, as in the case of 

compounds (X) and (XI), the different conformations of rings D and l,' in ervamine exert a considerable influence.  It 
remains to elucidate the question of why in compounds(X), (×I),  and (XV) there is no band at 1552 cm -I as is ob- 
served in v incaninine  (IV), and dihydrovincanine (V). 

This is possibly connected with the fact that the proton of the aldehyde group in (IV) and (V) is replaced 

by the heavier  OCH3 radical  in compounds (X), (XI), and (XV), and therefore the vibrations of the grouping 

O 
/ 

- - C  = c - - C - - O C H a  become more complex. These results additionally confirm the fact that in such complex group- 
ings the C= O and C=C vibrations are uncharacteristic and are difficult to interpret. 

In resperpine (XVII) and in the hydroxyindole alkaloids (XVIII)-(XXI), three or four bands of different 
intensities appear in the 1500-1700 cm -1 region. The molecules of these compounds contain the grouping 

O 

H3C--O-- C--C = C--O--R 

The bands at 1700 and 1630 cm -I were previously assigned to the complex v10rations of the whole grouping 

O 

C - - O - - C - - C  = C - - O - -  [16, 17]. The intensities of these bands have a normal value in reserpinine. 

In the hydroxyindole alkaloids, the intensities of all  the bands in the region of the spectrum investigated increase 
sharply. This rise in the intensities of the bands cannot be due to the presence in these compounds of an additional 
amide carbonyl group - N - C = O ,  since this should lead to an increase in the intensity of only one of the bands, probably 
the low-frequency band at 1830 cm -I. However, as the table shows, in these compounds the intensities of both bands 
increase markedly. 

The values of the integral intensities of the bands in the 1600-1700 cm "1 region of the alkaloids (XIX)-(XXI) 
show that the structures of these alkaloids are similar to one another. 

In conclusion, we may mention that we have also measured the intensities of the bands in the 1500-cm °1 region 

arising from the vibrations of the rings. However, these results cannot serve as a rel iable criterion of any particular 
changes taking place in the molecules of complex compounds. 

Experiment al 

The IR spectra of 20 different derivatives and synthetic substances were recorded on a UR-10 doubIe-beam 

spectrophotometer (Zeiss) in the 3100-8600 cm -1 region (LiF prism) and the 1500-1800 cm q region(NaC1 prism) in 
chloroform solutions. The spectral slit widths in the regions mentioned (slit program 4) were 4 and 8 cm "1 respectively.  

The rates of scanning of the spectra were 12 and 32 cm-1 per rain. 

The work was carried out with nondismountable standard cells with NaC1 windows and thicknesses of the absorbing 

layer of 0. 101, 0.821, 0. 0386, 0. 0168, and 0. 0106 era. The integral intensities of the bands were calculated by 
Wilson and Wells's extrapolation method [18], with corrections for the edges of the bands. In individual cases of the 
measurement of the intensities of the broad diffuse bands arising through the formation of intermolecular  hydrogen 
bonds, the edge correction could not be taken into account.  The errors in the measurement of the integral intensities 

of the bands amounted to + 7%. 

S ummary 

I. The frequencies and integral intensities of the bands of the stretching vibrations of the NH, C=O, and C=C 

groups in some indoline, indole, and hydroxyindole alkaloids and certain other compounds have been investigated. 

2. From the changes in the intensities of the NH bands in vincanine, akuammicine, vinervine O-methyl ether, 

and their dihydro derivatives, it has been concluded that the first-mentioned compounds contain chelate bonds. 

3. On the basis of the results of the measurements of the intensities for vincanine and dihydrovincanine, the bands 

in the 1800-]700 cm "I region have been identified. 
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4. The bands in the 1600-1700 cm-1 region of a number of natural  alkaloids are due to the complex vibrations of 

O l '  

the whole grouping R - - C  = C - - C ~ R b  
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