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SUMMARY 

Separation of eburnane alkaloids on silica was investigated using various 
eluent mixtures composed of solvents having different elution strengths. It was found 
that the efficiency and selectivity of the separation was strongly dependent on the 
eluent composition and the best resolution was achieved using an appropriate mixture 
of hexane, chloroform, acetonitrile and methanol. The method can be applied for the 
separation of closely related ebumane alkaloids such as stereo- and structural isomers. 
A satisfactory separation of ester derivatives of apovincaminic acid, vincaminic acid 
and epivincaminic acid was achieved, suggesting that the separation mechanism is 
based on liquid-liquid partition_ 

INTRODUCDON 

In the previous part’ of this series the separation possibilities of ebumane 
alkaloids using reversed-phase chromatography were described. As was mentioned in 
this paper, only some of the analytical problems could be solved by the systems 
investigated. For example, the separation of stereoisomers and ester homologues can 
be achieved, but structural isomers cannot be separated from each other. 

This was one reason for the present study of the separation on silica. The 
other reason was that in some cases the elution order obtained on chemically bonded 
octadecyl or octyl silica stationary phases was unfavourable for solving practical 
separation problems. Because the separation on silica results in a radical change of the 
elution order, this separation mode should eliminate this disadvantage of reversed- 
phase chromatography. 

EXPERIMENTAL 

A Varian Model 8500 liquid chromatograph, equipped with a variable- 
wavelength UV detector (Variscan Model 635) and stop-flow injector, was used. 
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The separations were performed on columns of 10 pm Micropak Si 10 (250 x 2 mm 
I.D.) (Varian Aerograph, Walnut Creek, CA, U.S.A.), 5 pm LiChrosorb Si 60 
(250 x 4.6 mm I.D.) (Pierce Eurochemie, Rotterdam, The Netherlands) and 10 pm 
PBondapak CN (300 x 3.9 mm I.D.) (Waters Assoc., Frankfurt/M, G.F.R.). 

The solvents used were of analytical grade (Reanal, Budapest, Hungary) and 
were freshly distilled before use. The compounds investigated were prepared in our 
laboratories and in the Institute for Organic Chemistry, Budapest Technical Univer- 
sity, and were considered to be of the highest available quality. 

RESULTS AND DISCUSSION 

Most of the compounds investigated were those described in the first part’ 
of this series. They are listed in Table I. 

TABLE I 

EBURNANE ALKALOIDS INVESTIGATED 

(+)-cis-Vincamine 
(-)-cis_Vincamine 
(+)-cis-Epivincamine 
(-)-cis-Epivincamine 
(f)-cis-Vincaminic acid ethyl ester 
(t)-tratrs-Vincaminic acid ethyl ester 
(+)-c&Epivincaminic acid ethyl ester 
(+)_ :ranr-Epivincaminic acid ethyl ester 
(+)-cis_Vincamone 
(+)-cis-Vincanole 
(+)-cis-Isovincanole 
(+)-cis-IO-Bromovineamine 
(i)-c&l I-Bromovincamine 
(+)-cis-Apovincamine 
(i)-ci+Apovincaminic acid ethyl ester 
(t)-lratr.r-Apovincaminic acid ethyl ester 
(+)-cis-Apovincaminic acid phenyl ester 
(i)-c&Vincamenine 
(+)-cis-Dehydrovincamine 
(+)-cis-Dehydroepivincamine 
(+)-cis-lO-Methoxyvincamine (vincine) 

Considering the structures and properties of the compounds, as well as the 
partly solved and unsolved analytical problems described previously’, our aims can 
be summarized as follows: to elaborate optimal separation systems on silica; to 
compare the separation systems using two-, three- or four-component eluent mixtures 
according to their efficiency and selectivity; to clarify the separation mechanism by 
comparing the chromatographic data obtained on silica aad chemical bonded nitrile 
phases and to solve the already mentioned separation problems such as group 
separation of eburnane alkaloids, separation of stereo- and structural isomers, etc. 

First, Micropak Si 10 and LiChrosorb Si 60 stationary phases and chloroform- 
methanol eluent mixtures were used for the separations, because most of the eburnane 
alkaloids have polar functional groups. The capacity ratios, k’, measured for the 
compounds are collected in Table II. It is seen that a relatively poor separation is 
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TABLE II 

CAPACITY RATIOS, k’, FOR EBURNANE ALKALOIDS ON MICROPAK Si 10 AND 
LICHROSORB Si 60 COLUMNS USING TWO-COMPONENT ELUENT MIXTURES 

Detector: UV, 280 nm. Flow-rate: 20 cm3/h (Micropak Si 10); 60 cm3/h (LiChrosorb Si 60). 
-- 

NO. Alkaloid Ratio of chloroform and merhanof 

95:s 9218 95:5 98:2 

MicroPak 5 pm LiChrosorb Si 60 

Si IO 

X (+)-cis-Vineamone 1.00 0.19 0.31 0.66 
XXI (+)-cis-Dehydrovincamine - 0.14 0.25 0.45 
XXII (+)-cis-Dehydroepivincaamine - 0.35 0.58 1.29 
xx (+)-cis-Vineamenine 1.60 0.36 0.60 1.36 
XVI (+)-cis-Apovineamine 2.62 0.19 0.50 0.77 
XVII (+)-cis-Apovineaminic acid ethyl ester 2.62 0.19 0.50 0.77 
II (+)-cis-Vineamine 4.14 0.40 0.63 1.37 
VI (+)-cis-Vincaminic acid ethyl ester 4.14 0.40 0.63 1.37 
XII (+)-cis-Isovineanole 6.43 1.05 1.62 3.26 
IV (+)-cis-Epivincamine 8.23 1.03 1.78 4.22 
XI (+)-cis-Vincanole 8.43 1.34 2.34 5.39 

TABLE III 

CAPACITY RATIOS, k’, FOR EBURNANE ALKALOIDS USING THREE-COMPONENT 
ELUENT MIXTURES 

Column: 5 pm LiChrosorb Si 60, 250 x 4.6 mm I.D. Flow-rate: 1 cm3/min. Detector: UV, 280 nm. 
Eluents: A = hexane-chloroform-methanol (60:30:10); B = 65:25:10; C = 8O:lO:lO; D = 
90:5:5. 

NO. 

XVIII 
xx 
XIX 
XVII 
IX 
X 
xvi 
VII 
XXI 
XXII 
XIII 
XIV 
VI 
II 
III 
XI 
XII 
VIII 
XXIII 
IV 
V 

Alkaloid Eiaen t 

A B C D . 

(+)-tram-Apovineaminic acid ethyl ester 0.11 0.20 0.30 0.35 
(+)-cis-Vineamenine 0.63 0.64 0.78 1.24 
(+)-cis-Apovineaminic acid phenyl ester 0.70 0.75 0.93 1.66 
(+)-cis-Apovincaminic acid ethyl ester 0.70 0.75 0.96 1.76 
(+)-franr-Epivincaminic acid ethyl ester 0.55 0.70 0.78 1.82 
(Jr )-cis-Vincamone 0.70 0.85 1.07 1.94 
(+)-cis-Apovincamine 0.70 0.55 1.15 2.06 
(+)-rrans-Vinmminic acid ethyl ester 0.75 0.90 1.15 2.88 
(+)-cis-Dehydrovincamine 0.95 1.11 1.96 4.69 
(+)-cis-Dehydroepivincamine 1.25 1.51 2.78 5.59 
(-i-)-cis-1 U-Bromovineamine 1.41 1.47 2.85 5.90 
(+)-cis-11-Bromovincamine 1.63 1.59 3.37 7Sf 
(i-)-cis-Vineaminic acid ethyl ester 1.48 1.55 2.59 7.82 
(+)-cis-Vincamine 1.85 1.89’ 3.30 7.94 
(- )-cis-Vineamine 1.85 1.89 3.30 7.94 
(+)-cis-Vineanole 3.56 3.60 4.33 10.4 
(+)-cis-Isovineanole 3.56 3.60 5.00 12.2 
(-+)-cis-Epivineaminic acid ethyl ester 2.85 3.55 3.96 11.0 
(+)-cis-IO-Methoxyvincamine 3.15 3.75 4.30 11.5 
(+)-cis-Epivineamine 3.15 3.80 4.59 13.6 
( -_)-cis-Epivineamine 3.15 3.80 4.59 13.6 
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achieved using this eluent. To increase the efficiency of the separation a mixture of 
hexane, chloroform and methanol was used as eluent and the effect of the ratio of 
hexane and chloroform on the separation was investigated. The dependence of the 
capacity ratios on the eluent composition is shown in Table III. It can be concluded 
that on decreasing the polarity of the eluent the separation of bromovincamine 
derivatives is improved, but only a slight improvement can be achieved for other 
eburnane alkaloids. On the other hand, increasing the hexane concentration in the 
eIuent results in an increase in the retention of the compounds investigated, which is 
undesirable for practical applications of the method. 

Four-component eluent mixtures were also examined, replacing part of the 
chloroform and methanol by acetonitriIe. (Recently we used” a similar eluent mixture 
for the separation of ergot alkaloids.) Table IV shows the capacity ratios measured 
for the compounds using different ratios of hexane, chloroform, acetonitrile and 
methanol. A hexane-chloroform-actonitrile-methanol (55:25:20:3) eluent was 
found to be optimal. The effect of the methanol concentration in the eluent on the 
efficiency and selectivity of the separation is illustrated in Fig. 1. 
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!V 
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x1 

KA 

1’ 
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lhriy K a 8 4 Lo .!.4mv a 8 4 0 lhrirld 4 0 

Fig. 1. Separation of ebumane alkaaloids on silica using four-component eluent mixtures. 
Ratios of hexane-chloroform-acctonitrife-methanol in eluent: A = 55:25:20:1; B = 55:25:20:3; 
C = 55:25:20:5. Other conditions as in Table III. 
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Comparing the chromatographic data collected in Tables II-IV, it can be 
concluded that the four-component eluent mixture can be applied for the separation 
of eburnane alkaloids. Thus group separation of ebumane alkaloids, as in the reversed- 
phase chromatographic systems, can be achieved, the elution order of compounds 
having similar structures being as follows: cis-apovincamine (XVI), cis-dehydrovin- 
camine (XXI), cis-dehydroepivincamine (XXII), cis-vincamine (II), and cis-epivin- 
camine (IV). 

Regarding the separation of stereo- and structural isomers, both the three- 
component (hexane-chloroform-methanol) and the four-component (hexanedhloro- 
form-acetonitrile-methanol) eluent mixtures are suitable. Fig. 2 shows the separation 
of vincaminic acid ethyl ester isomers on silica using the above mentioned eluent 
mixtures. 

A i) 

h 

I 
t/mm/ l2 10 0 6 4 i 0 

tAnin/ 12 8 4 0 

Fig. 2. Separation of vincaminic acid ethyl ester isomers. Eluents: A = hexane-chIoroform-methanol 
(9055); B = hexane-chloroform-acetonitrile-methanol(55:25:20:3). Other conditions as in Fig. 1. 

Using a four-component eluent mixture, further selectivity of the separation 
can be achieved for cis and tram isomers, namely the trams isomers of apovincaminic 
acid ethyl ester (XVIII), epivincaminic acid ethyl ester (IX) and vincaminic acid ethyl 
ester (VII) are eluted before the corresponding cis isomers (XVII, VIII and VI, 
respectively). While the elution order of vincaminic acid ethyl ester isomers is indepen- 
dent of the eluent composition, in the case of the separation of two vincanole isomers 
(XI, XII) the elution order can be reversed by changing the eluent composition, as 
illustrated by Fig. 3. Thus, using chloroform-methanol (95:s) the isovincanole is 
first eluted, while in a four-component eluent mixture the isovincanole is retained 
longer than vincanole. 

Fig. 1 also shows that the structural isomers of vincamine derivatives such as 
IO-bromovincamine (XIII), 1 1-bromovincamine (XIV) and lO-methoxyvincamine 
(XXIII) can be separated both from each other and from vincamine (II), and similar 
results were obtained for other structural isomers of ebumane alkaloids substituted 
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$--I- 

B 

in) 

1 
h 

I - 
0 3 6 9 thin/ thmf i-5 72 .3 4 0 tfmm/ 1.2 .3 4 0 

Fig. 3. Separation of vincanole isomers. Eluents: A = chloroform-methanol (95:5), on Micropak 
Si 10 (250 ,Y 2 mm I.D.), flow-rate 20 cm3/h, B = hexane-chloroform-methanol (8:l :l) on 5 tern 
LiChrosorb Si 60 (250 x 4.6 mm I.D.), flow-rate 1 cm3/min; C = hexaw<hIoroform-acetonitrile- 
methanol (55:25:20:3). 

TABLE V 

CAPACITY RATIOS, k’, FOR EBURNANE ALKALOIDS ON /zBONDAPAK CN WITH 
DIFFERENT ELUENTS 
Column: 10 pm @ondapak CN, 300 >( 3.9 mm I.D. Flow-rate: 1 cm3/min. Detector: UV, 2SO nm. 
Eluents: A = hexane<hloroform-acetonitrile (65:20:15); B = 70:20:10; C = 75:20:5. 

___-___ 
No. Alkaloid Eh.Z?!lt 

A B C 
_-__- 

X (+)-cis-vincamone 0.11 0.27 0.38 
XVII (+)-cis-Apovincaminic acid ethyl ester 0.23 0.32 0.57 
XVI (+)-cis-Apovincamine 0.25 0.40 0.64 
xx (+)-cis-Vincamenine 0.28 0.43 0.64 
VI (+)-cis-Vincaminic acid ethyl ester 0.72 0.86 1.36 
II (+)-cis-V&amine 1.00 1.07 1.57 
III (-_)-cir-Vincamine 1.00 1.07 1.57 
VIII (+)-cis-Epivincaminic acid ethyl ester 1.15 1.20 1.80 
XXIII (+)-cis-lo-Methoxyvincamine 1.28 1.61 1.95 
IV (i-)-cis-Epivincamine 1.34 2.06 3.79 
V (-)-cis-Epivincamine 1.34 2.06 3.79 
XI (t)-cis-Vincanole 1.57 2.14 3.86 
XII (+)_cis-Isovincanole 2.62 3.00 4.57 
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in the aromatic ring. This is a si_tificant improvement compared to the reversed- 
phase systems previously investigated. 

Although adsorption chromatography has been considered to be only slightly 
effective for the separation of ester homologues of carboxylic acids, the chromato- 
graphic data in Table IV indicate that the separation of different ester homologues of 
apovincaminic acid (XVI, XVII, XIX), vincaminic acid (II, VI) and epivincaminic 
acid (IV, VIII), respectively, can be achieved and the elution order of these ester 
derivatives is reversed compared to reversed-phase high-performance liquid chroma- 
tography. Considering this observation, as well as the altered elution order of 
vincanole and isovincanole caused by change in eluent composition, it seems that 
the separation proceeds according to a liquid-liquid partition mechanism. (In the 
separation of vincanole and isovincanole we assume that adsorption is the dominant 
mechanism in a two-component eluent mixture, while in three- and four-component 
eluent mixtures liquid-liquid partition predominates. 

The results obtained by using chemically bonded “nitrile” stationary phases 
and hexane-chloroform-acetonitrile eluent mixtures seem to support the Iiquid- 
liquid partition mechanism, because they are similar to the data obtained on silica. 
The chromatographic data obtained on the “nitrile” phase are collected in Table V. 

CONCLUSIONS 

The separation of ebumane alkaloids on silica was investigated. From the 
comparison of the different separation methods it can be concluded that, by using an 
appropriate mixture of hexane, chloroform, acetonitrile and methanoI as eluent, 
difficult problems such as the separation of closely related ebumane alkaloids, of 
stereo- and structural isomers, as well as that of ester homologues, can be achieved on 
silica. No separation can be achieved for optical isomers. Because most of the separa- 
tion problems can be solved both on silica and reversed-phase packings, the separation 
mode used should be selected on the basis of the practical aspects of the given analyt- 
ical problem. 
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