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EFFECT OF SUBSTITUFEPS ON THE RETWTION IN HPLC 
CHEZOMATOGBAPIIY OF STRYCHNINE DERIVATIVES. 

George h¶.Iskander, J.Strombom+ and A.M.Satti. 
Dept. of Chemimtry, University of Khartoum, 

P.O.BO~ 321, ~zhartoum, SUDAN. 

AESTUCT 

The capaaity fac tor .  k, relative retentions asp 
and logccsp values measured onpPorasil columne f o r  
33 etrycbnine derivatives using CHC13:MeOH (contain- 
ing = 2% NH40H) (93:7) M eluent i n  normal=phsse 
chromatography. The rewxlts a l low for the estimation 
of the effect of vwious eubstituents on the retention 
of theere alkaLoide. 

INICROIXJCPION 

The rapidly advancing technique of high preamure 
l iquid chromatography made poesible the microanslytical 
identification, aa -11 88 the preparative meparation 
of synthetic and naturally occuring complex organic 
molecules which -re, otherwiee, insolable by the 
tradit ional t .l.c. and column chromatography techniques. 

+ Present addreas: Biomedicwn center,U.of Uppeala,Sweden. 
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1482 ISKANDER, STROMBOM, AND SATTI 

Many examples can be ci ted where both analysis 
and i so la t ion  of plant active substances which m a g  have 
some physiological significance, was successfully 
achieved e.g. s teroidal  ( 1 1, tropane ( 21, morphine ( 3) 

The Pacrin aui~ of the prement work is t o  give a 
a d  8tmChnoS alkaloids (4). 

qualitative correlation o f  the e f fec ts  o f  substi tuents 
on the retention of compounds, which are strychnine 
alkaloid derivative6 modified i n  the aromatic &nd non- 
aromatic part of the molecule. The r e s u l t s  shown can 
lead t o  a "predictionHof the behavior o f  s i m i l a r  mole- 
cules when t reated under the same conditions of HPLC. 

The present analyses were carried out on a high 
pressure l iqu id  chromatograph conaisting of the follow- 
ing parts: A Waters 6000 pump, a Waters U 6K Universal 
injector  and a Varian Variscsn 635 U.V. detector. 
Chromatograma were obtained at 254 nm wavelength. A l l  
meaaurmente were performed on 8 Mm Portmil  column 
(300  x 4.5m id). 

-iw 2$ NH40H) (93:7). T h i s  wa8 i s o c r a t i c a l l ~  eluted at 
a flow r a t e  of gdl/min. at c& 2 500 psi ,  and at ambient 
temperature. Stock solutions of the ~ o l u t e e  were made i n  
the eluent and about 0.5-10 Ag of  each individual sample 
'1*88 injected. The elut ion time of an unaorbed solute,  $, 
was m e w e d  aa deracribed e a r l i e r  (5). The retent ion 
times of the solutes, 5, was evauated  at the peak m a x i m a  
of the symmetrical peaks. The capacity factors,  
k=(tR-$)/$, and the re la t ive  retentionsocSp were d u o  
evaluated aa described (5). 

The solvent system used ws8 CHCl and MeOH (contain 3 
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RESULTS AND DISCUSSION 

The chromatograms i n  fig.  1 illustrate the speed 
and effeciency of HFLC for the analysia of the eystems 
studied. The 1.168 of Poraail  column at ambient temperature 
and the relatively high flow rates, together, afford 
erne o f  manipulation and efficiency. 

1 
1 
I I I I 

0 2 4 6 MIN. 

FICURE 1 
Chromatogrun of  Borne derivatives. The conditiona 
m d  symbols axe given in text. 
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1484 ISKANDER, STROMBOM, AND SATTI 

I n  the preaent study, the une of  the alightly basic 
eolvent system allowed f o r  the separation of the relativ- 
e ly  polar eubatrates, which otherwise may need less 
etrongly retentive columne . 
together with the corresponding logccsp v6lues m e  
given i n  tablea 1,2 and 3 f o r  33 compounds of type I ,  
I1 and 111. The data i n  general offer an overview on the 

The capacity factor k, the relative retentionKSp 

z\ 3 /  (XgJ 
22 

0 

I 

m 
effect of the various subetituents on the retention of 
such compoun8e. The results generally show the aolute- 
solvent interaction wherein an increase i n  the energy 
of interaction between the solute and the eolvent reduces 
binding. The interaction can be optimisted t o  Van der 
Waarla intersction, which i a  primarily dependent on the 
molecular size o f  the solute and the eolvent, and the 
electroatatic interaction. 88 i r s  evident fo r  the 2-carb  
amoyl strychnineer (fig.  2). In this series,  the increee 
i n  size of the %on-polar” a l k y l  fragment of the amide 
side chain, increases retention. Tn ei ther  crse the p l o t  
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TABLE 1. Relative r e t en t ions  and capaci ty  f a c t o r s  of 
2-carbmoylstrychnine 8. 

compound (I j Name XSP W a &  k 

2 Amino 1.0 0 0.0 0.96 
3 Acetamido 4.4 0.64 7.63 

ami do 2.8 0.45 4.49 
4 :-propion- 

5 n-butyr- - m i d o  2.0 0.30 3.12 
6 - iso-butyr- 

emido 2.0 0.30 2.96 
7 E-vder- 

SMi do 1.7 0.23 2.33 
8 

mido 1.8 0.25 2.53 
9 benzamido 1.4 0.15 1.74 

10 pivdamido 1.4 0.15 1.74 
1 strychnine 1.0 0.0 5.86 

i so-valer- - 

TABLE 2. Relative r e t e n t i o m  and capacity f a c t o r s  
of 2- and 3-sub~ t i tu t ed  strychnines. 

logccsp k dSP Compound (I)  Name 

- 

3 2-acetamido 4.4 0.64 7.63 
2 2-a~ino 1.0 0.0 0.96 

11 2-hgdr0~y 0.69 -0.16 3.71 
12 2+nethane- 

sulfonanido 0.60 -0.22 3.12 
9 2-benzami do 0 . 40 -0.40 1.74 

%F fonamido 0.34 -0 47 1.35 
toluene- 13 

(continued) 
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TABLE 2/ conti. 

compound ( I )  Name cc SP logorsp k 

14 
15 
16 
17 
18 
19 
20 

21 
22 

23 
24 

2-methoxy 0. 29 
2-bromo 0.20 
2 n i t r o  0. 17 
+acetamid0 0.57 
3-amrino 0.54 
3-hY&OXY 0. 54 
3-6 thane- 
aulfonamido 0.46 

+nitro 0.26 

2, +dime thoxy 1 20 

3-me thoxy 0, 29 

3-bromo 0.20 

-0*34 
-0.53 
-0.59 
-0.70 
0.08 

0.96 
0.37 
0.18 
2.92 
2*73 
2.73 

2.14 
0.96 
0.76 
0. 37 
7.56 

TABLE 3. Relative re ten t ions  of other strychnine 
and strychnidine derivatives. 

Compound Name loasp k 
QI; SP 

16-hydroxy- 
strychnine 0.29 -0.53 0.96 

(1) 25 

16-methoxy- 
strychnine 0.17 -0077 0.18 

(1) 26 

1641thoxy- (1) 27 

16-i8opropOxy- (1) 28 

(111; R ~ = R ~  21,22-3ihy*o- 

(III ; R ' = F ~ ~  21,22=t1ihy*o~y- 

strychnine 0.17 -0.77 0.18 

strychnine 0.17 -0.77 0.18 

=H) 8tI"yChIl.i- 0.28 -0.56 0.90 

=OH ) strychnine 0.62 -0.21 3.30 

(continued) 
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TABLE 31  conti.  

Compound Name 

(I ; W )  istrychnine 

(I; R=M$ Naethylstry- 
-N Oxide 1.06 0,025 6.25 

C 1  ) chnine chloridel.26 0.10 7.60 
2 1,22-dihydro- 
strychnidine 0.74 -0.13 4.10 

(11 1 

I 

C 
0 
C 
0) 

.- c 
c 
$ 3.0 

I 1 

0 300 400 5 00 

Mkt  

FIGURE 2 
Relative retention VE. Molecular weight 
of 2-CPlrba1nOyl8tryChnineE. 
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1488 ISKANDER, STROMBOM, AND SATTI 

Mwt 

FIGURE 3 
Relative retention va. Molecular weight of 
2- Carbamoyletrychninea . 

of the re la t ive  retent ionasp o r  logocsp versus molecul- 
ar weight evidently ahow a l i n e a r  relationship (fige.  2 
and 3). I n  other words, the effect  of the methylene 
group increment on the al iphat ic  eide chain is  aurpria- 
ingly consietent. This i e ,  homver, unmatched by the 
benzmido group even though the replacement of u 
methyl group by 811 aromatic r ing  rsignificantly increases 
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O t  

020 

0.2 - 

n 
v) 

d 
0 ‘ Q 4 -  

0.6 - 

I 

0 300 400 SO0 

M w t  

FIGURE 4 
-Log Relative retention VS. l o l e c u l e  might 
o f  3-Substituted atrychninea. 

the molecular size. On the other haad, with the solutes 
studied of approximately s i m i l a r  dimensions and with a 
fixed eluent, the magnitude of the re la t ive  retention 

c t i w  substituents ( tables  2,3) and (figs.  4,5).  Comp- 
ounds with a “zwitterionic moiety” as i n  strychnine 
N-oxide (I; R = 0 )  and quaternary strychnine salts (I; 
B = Me C1-) ehow a markedly reduced biophobicity and hence 
m a x i m u m  retention values. S imi la r  findings were reported 

i s  primarily affected by the polar i ty  of the respe- %P’ 
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\ 0 2 4  

0 2 8  \ 
300 400 500 

Mwt 

FIGURE 5 
-Log Relative retention v8. Molecular weight 
of Strycbnine and Stryohnine derivatives. 
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HPLC OF STRYCHNINE DERIVATIVES 1491 

for  the effects of subetituents on the retention value8 
of catecholaminem (6) .  This i e  expected i n  view of the 
behavior of monopoles, dipoles and mitter ione (7). 

It is apparent that the subetituents on C-2, C-3 
and on the nitrogen atoms provide most drrat ic  changes 
on retention (tablee 2,3). The replacement of a C-2 
and/or C-3 hydrogen atom(s) on the aromatic ring reduce8 
retention even though the molecular propertiea, e.g. 
dipolemomenta, (Epe markedly changed (cf figs. 4,s). The 
2-acetamid0 and 2,4..dimetho~strychninea are surprising- 
l y  anamoloue. Theee positions are, however, notably 
found t o  be pbytochemically moet effective (8). The 
sample population here is not large enough to  establish 
a s t a t i s t i ca l ly  valid quantitative structure-etention 
relation; nevertheless, the quantitative aspect of 
replacing a hydrogen at C-2, C-3 and C-16 on retention 
of them alkaloids is  clearly illuetrated. 

chain of a given substituent is associated with an 
equivalent increment on the relative retention and 
capacity factors i n  t h i s  chromatographic system. In  
contrast, polor functional substituente, cauee a change 
in the net dipolemoment of the subatrate molecule and 
thum rigorouely change theeSp and k factors, which i n  
m a n y  instances are  unequalled by the relative increase 
i n  the molecular size. 

To sumntsrise, the lengthening of the hydrocarbon 

One of the authors (A.M.S) acknowledges 8 res@WCh 
grant (No. 536) from I.F.S, Stockholm, Sweden. 
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