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Bisbenzyltetrahydroisoquinoline Alkaloids

I. A General Method for Determining Partition Coefficients and
Testing Homogeneity

ESKIL HULTIN*

Department of Pharmacology, University of California Medical Center, Los Angeles 24,
California, US.A.

Partition coefficients can be computed from solute concentrations
measured in & series of extracts obtained in such a way that one por-
tion of a phase of two immiscible solvents is extracted with several
portions of the other phase. The logarithms of the concentrations
are plotted wersus the numbers of the corresponding extractions. If
the solute is homogeneous, and if the partition coefficient is indepen-
dent of the concentration, the points lie about & straight line, the
inclination of which equals the logarithm of the fraction ¢ of the
solute remaining in the extracted phase after an extraction. If the
partition coefficient is defined as the ratio of the concentration in
the less polar phase to that in the more polar phase, and if the volumes
of the phases are V; and V,,, respectively, then the partition coeffi-
cient equals (V,,/V;) (1—g)/qg when the more polar phase is extracted
with the less polar phase, and (V,,/V;)q/(1—gq) when the less polar
phase is extracted with the more polar phase. If the solute is & mix-
ture of two components, the partition coefficient of one component
can be computed by using the asymptote ot the points from one
experimental series ir which the less polar phase is extracted, and
the partition coefficient of the other can be similarly obtained from
another experimental series in which the more polar phase is ex-
tracted. Both partition coefficients can also be computed from one
series by using the differences between the concentrations observed
and those computed for one component from the asymptote, for
making another plotting, valid for the other component.

Although tertiary bisbenzyltetrahydroisoquinoline alkaloids have been in-
vestigated extensively, efficacious methods still have not been adopted
for the separation of many naturally occurring mixtures of these alkaloids
nor for the separation of such mixtures of their isomers as are obtained by
partial methylation or demethylation. A study of these alkaloids was taken
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up in this laboratory, and the importance of working out counter current sepa-
ration methods for them soon became obvious. It may be pointed out here
that the separation problem arising at the beginning of this investigation and
dealt with in this paper only concerns separation of substances whose parti-
tion coefficients differ by a factor of about 3 or more. It was highly desirable
that the separation procedure be suitable for amounts varying at least between
0.1 and 100 g, and that the separation could be done by hand with separatory
funnels.

For planning a counter current separation of a mixture of two substances
it is of some importance to know the partition coefficients for each of the
substances, both for choosing the best volume ratio and for choosing the
appropriate number of transfers.

A general equation for the relation between optimum volume ratio and
partition coefficients was derived by Baker . He found that a symmetrical
counter current separation of two substances is most efficacious, if the ratio
of the volume of the less polar phase of two immiscible solvents to the volume
of the more polar phase equals the inverse value of the square root of the
product of the partition coefficients of the two substances.

The number of transfers necessary to give a certain degree of separation
depends 2% on the ratio of the two distribution coefficients.

When the partition ocefficients of the two components in a mixture are
not known and the components are not available separately as pure sub-
stances, it is usually recommended 48 that the value obtained from a simple
determination of the distribution of the mixture between the two solvent phases
be used for the counter current distribution separation. This may work fairly
well if the amounts of the two substances are about equal, but if one of the
substances is in considerable excess, the value found for the partition coeffi-
cient of the mixture will be near the value valid for the substance in excess
and differ considerably from the geometric mean of the values for the two
substances. Hence, the separation will not be as efficient as would otherwise
be possible. If an apparatus permitting a large number of transfers is avail-
able this may not be a serious problem in most cases. However, if the separa-
tion is carried out by hand with a few separatory funnels and with the conve-
nient method 7 for finally obtaining two fractions called diamond separation”
and “completion of squares”, a large amount of the substance in excess in
the original mixture will still be found in the fraction containing most of the
substance present only in small amounts, and hence a second determination
of the partition coefficient of this mixture may give a value still too near
that of the substance originally in excess.

Another fairly common difficulty in determining distribution coefficients
in a conventional way is that the two solvent phases may contain other sub-
stances, e.g., buffer salts, which may complicate the analysis of the two phases.

In the case of bishenzyltetrahydroisoquinoline alkaloids the concentration
can easily be determined spectrophotometrically. However, these alkaloids
decompose readily, partly to substances with strong absorption. Most of these
substances have partition coefficients which are considerably lower than those
of the pure alkaloids. Hence, partition coefficients computed from a simple
determination of the light absorption in both phases may be highly erroneous.
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These difficulties can, however, in many cases be overcome by a simple
procedure which will be described here, and by which it is possible to deter-
mine the partition coefficients of each of two substances in a mixture. This
procedure is also useful in the determination of the distribution coefficient
of a pure substance and of a substance with some impurities. It is also useful
for checking the purity of a preparation and for determining whether or not
a partition coefficient is independent of the concentration of the substance.

Stevenson 8 independently found the same general method carrying out
another investigation in this laboratory.

THEORETICAL

In this procedure for determining partition coefficients appropriate vol-
umes of the two phases are used for dissolving the preparation. These volumes do
not need to be equal. One of these phases is extracted successively with por-
tions of the other phase. The volumes of each portion must be the same. Either
the phase which is extracted or the extracts are analyzed for their content of
the preparation, and the values obtained are used for computing the partition
coefficients, checking the purity, etc.

In this paper the two phases of the solvent system are referred to as the
more polar phase and the less polar phase instead of the upper and the lower
phase. This is advantageous for comparing partition coefficients, e.g., between
ether and buffer and between chloroform and buffer. Partition coefficients
are consequently calculated as concentration in the less polar phase divided
by concentration in the more polar phase.

The following symbols are used.

K partition coefficient (distribution constant)

V, volume of the less polar phase

V, volume of the more polar phase

¢; concentration of preparation in the less polar phase after the first

equilibration

¢n concentration of preparation in the more polar phase after the first
equilibration

¢, concentration of preparation in the less polar phase after the second
equilibration

Cne concentration of preparation in the more polar phase after the
second equilibration

g  fraction of the solute remaining in the extracted phase after
equilibration

With these symbols the distribution law %% can be written

K = cy[tm = Cig[Coms (1)

Depending on the value of the partition coefficient (if considerably larger

or smaller than 1) it may be advantageous either to extract one portion of

the more polar phase with several portions of the less polar phase or wice

versa. In many cases it is not too inconvenient to run both extraction series.

Methods for calculation of distribution coefficients of pure substances and
of a two-component mixture will be presented.
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The more polar phase is extracted with several
portions of the less polar phase

It is assumed in the following method that the concentration of the sub-
stance is measured in the more polar phase. However, there will be no differ-
ence in the final result if the substance is measured in the other phase because
the concentration in one phase is proportional to the concentration in the
other.

After the first equilibration the amount of solute in the more polar phase
is V,Cm. If this phase is extracted with a second portion of the less polar
phase, the amounts of solute present in the two phases are V¢, and Vc;,,
respectively. Thus,

Vlcl2 + Vmcmz = Vmcml (2)

Because the concentration is not measured in the less polar phase, ¢,
must be eliminated, which is done as follows. According to eqn (1), ¢ =

Kc,,,, and eqn (2) can thus be written
VzKsz + Vmcm2 = Vmcml (3)
Hence,
Vo
we =R 4, om (4)
and, generally,
Vo ®
Conn = (*V—IR—_FT”’) Cm1 (5)

This equation is equivalent to Craig and Craig’s 1! eqn (8), but a corres-
ponding equation was first published by Herz 2.
By writing this equation in logarithmic form

Vo
log Copn = n-lOg —WK—*——V '+‘ log Con1 (6)

we arrive at the main improvement suggested in this paper for the calculation
of partition coefficients *.

This equation implies that if the logarithms of the values for the solute
concentration in successive extracts are plotted in a graph versus the numbers
of the extractions, the points are expected to lie about a straight line, the in-
clination of which is log V,/ (V,K + V,), provided the substance is homo-
geneous and provided no reaction occurs which is not accounted for in the
method of calculation (association or dissociation).

The partition coefficient is computed from the value of the inclination of
the line which is measured. The fraction of substance remaining after equilibra-
tion is ¢,,/C,, if We consider the amounts present in the more polar phase
before and after the second extraction, and this quotient is in our denotation
called ¢. Eqn (4) can then be written

* After this manuscript was prepared, a similar equation has been published by Rudstam 3,
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In the procedure of computing the value of the partition coefficient, ¢ is
the antilogarithm of the inclination of the line fitted as just described. By
solving eqn (7) we get

V. 1 —¢q
K= _= 8
V. g (8)
It would, of course, be possible to compute K from two extractions, as
eqn (4) can be written
Vo

__m Cm1 — Cma
K= Vv, Cma ®)

but the use of more than two extractions makes it possible to check the solute
for homogeneity. If the solute is homogeneous, and if there is no association
or dissociation, the points fit a straight line; then several extractions make
the assay of the partition coefficient more accurate.

If the points do not fit a straight line, and if this is caused by the presence
in the substance of some impurity or by the presence in the substance of two
components with different partition coefficients, one may fit an asymptote,
from which it is possible to compute the partition coefficient of the component
which is less readily extracted from the more polar phase.

The less polar phase is extracted with several
portions of the more polar phase

It is assumed also in the following method that the concentration of the
solute is measured in the more polar phase, but the result of the computation
of the partition coefficient will be the same if the concentration is measu-
red in the less polar phase, as the concentration in one phase is proportional
to the concentration in the other.

After the first equilibration the amount of substance present in the less
polar phase is V,c;. The more polar phase is removed, and the less polar phase
is extracted with a fresh portion of the more polar phase. After equilibration
the amount of solute present in the less polar phase is V¢, and in the more
polar phase V,c,, Thus,

Victo + Viulma = Viey (10)

Because the concentration is measured in the more polar phase, ¢;; and ¢,
must be eliminated. Considering eqn (1), we can rewrite eqn (10) in the following
form

Vchmz + V,,,Cm2 = Vchml (11)

Hence,

0y = VE
m2 V, K + Vm 'ml
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and, generally,

. V.K o
Con = (W) Cm1 (13)
This equation is rewritten in logarithmic form
V.K
log Con = n-lOg m + log Com1 (14)

This equation implies that if the logarithms of the concentrations of a
homogeneous solute in a series of extracts are plotted versus the numbers
of the extractions, the points lie about a straight line, the inclination of which
is log V,K/(V,K + V,,). Here V,K/(V,K + V,) can be identified as the
fraction ¢ of a substance remaining after an extraction in the phase which
is extracted. Thus, ¢ is the antilogarithm of the inclination of the line fitted
ag described, and we get

Ve 4
K = 7 T—q (15)

If the solute is impure or is a mixture of two components, the partition
coefficients of which differ noticeably, an asymptote may be fitted to the
points. The partition coefficient of the component which is less readily extract-
ed from the less polar solvent phase can be computed from the inclination of
this line.

Computation of two partition coefficients
for a mixture of two components

There are obviously two ways for determining the two partition coeffi-
cients for a mixture consisting of two components. One way, already intimat-
ed, is to run two distribution series, one series in which the more polar phase
is extracted with the less polar, and another series, in which the less polar
phase is extracted with the more polar, and then to compute the partition
coefficients from the two asymptotes plotted as described in the previous
sections. Another way to determine the two partition coefficients is to compute
them from one series of extractions in the following way.

The logarithms of the concentrations of the solute in the extracts are plot-
ted wersus the numbers of the corresponding extracts, and an asymptote is
fitted as described. The logarithms of the concentrations of the component,
for which the asymptote is valid, are calculated for the various extracts.
The corresponding antilogarithms give the concentrations of this compound.
The differences between the concentrations actually measured and the con-
centrations thus computed are the concentrations of the other substance in
the series of extracts. The logarithms of these values are plotted versus the
numbers of the extracts, and a straight line is fitted. The inclination of this
line is read, and its antilogarithm ¢ is used for computing the partition coeffi-
cient, using eqn (8) or (15), depending on whether the more polar or less polar
solvent phase was extracted.
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Fig. 1. A preparation of pure d-chondro-
curine gives points, all of which lie closely
about a straight line even over & wide con-
centration range. The logarithms of the
extinction coefficients are plotted versus
the numbers of the corresponding extracts.

<
X
K5
s 00 T
[ ]
[~
Q
s-05}
g
N
0 4 8 n

Fig. 2. Apreparation of monodemethylated
l-curine (not crystallized); the diethyl ether
phase was extracted with buffer. The
points indicate the presence of an impurity
with considerably lower partition coeffi-
cient but do not indicate any heterogeneity

of the monodemethylated I-curine.

EXPERIMENTAL

A few examples will be given to illustrate the suggested method. The examples have
been chosen from various determinations of partition coefficients for some bisbenzyl-
tetrahydrossoquinoline alkaloids: d-chondrocurine, and monomethyl and monodemeth-
ylated derivatives of l-curine. The results from more determinations will be reported
in forthcoming publications 4,15,

Determination of the partition coefficient for d-chondrocurine between diethyl ether and
water at pH 11.6. The water phase consisted of a buffer solution containing 2 g of potas-
sium metabisulfite K,;S,0; and 0.5 g of K;PO, and somewhat more than 1 g of KOH in
100 ml of water. The amount of KOH was chosen so that the pH value of the buffer
was 11.6. A high concentration of sodium ions was avoided because a glass electrode was
used for measuring the pH values. The solution was equilibrated with diethyl ether.
25 ml of the ether phase and 10 ml of the water phase were added to a separatory funnel,
and a few drops of a solution of d-chondrocurine in a mixture of equal parts of chloro-
form and methanol were added. The ether phase was successively extracted with 10 ml
portions of the water phase, and the extinction coefficient at 289 mu was read for each
extract. The following values were obtained: 1.20, 0.365, 0.098, and 0.027. The measure-
ments thus were extended over a wide range of concentrations, The logarithms of the
values were plotted (Fig. 1) versus the numbers of the extractions, and a straight line
was fitted to the points. The inclination of the line, log g, was read as —0.56; hence
q = 0.275, The values of the volumes and of ¢ were substituted in eqn (15).

10 0.275
= 9570705~ 1°

Determination of the partition coefficient of one of the isomers of monodemethylated
l-curine for diethyl ether and water at pH 10.3. The water phase consisted of 1 g of K,S,0,
3 g of Na,COyH,0 and 1.5 g of K;PO, in 100 ml of water, with pH adjusted to 10.3,
and equilibriated with diethyl ether. The experiment was done both by extracting 256 ml
of the ether phase with 10 ml portions of the water phase and by extracting 15 ml of
the water phase with 25 ml portions of the ether phase. The following extinction values
were obtained when the ether phase was extracted: 0.835, 0.496, 0.363, 0.273, 0.209,
0.161, and 0.120. A straight line was fitted, the inclination of which was —0.12 (Fig. 2).
The corresponding value of the partition coefficient was 1.24, computed according to
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Fig. 3. A preparation of monodemethy-
lated I-curine as in Fig. 2; the water phase

log. ext. coefficient
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Fig. 4. Monodemethylated I-curine. The
same experiment as in Fig. 3 but with

was extracted with diethyl ether. The

points indicate the presence in the water

phase of an impurity with considerably
lower partition coefficient.

the extinction coefficient of the impurity
subtracted from the measured values.

eqn (15). When the water phase was extracted, the values obtained were the following:
0.690, 0.333, 0.218, 0.156, 0.145, 0.138, and 0.140. The logarithms of these values are
plotted in Fig. 3. It is obvious that one light absorbing impurity with very low partition
coefficient is present in the water phase. Assuming that the extinction caused by this
impurity is 0.140, and subtracting this value from the measured values, we get an esti-
mate of the extinction caused by the monodemethylated I-curine. The logarithms of
these values were plotted versus the numbers of the corresponding extractions (Fig. 4),
and a straight line was fitted. Its inclination, —0.45, corresponded to the value 1.09 of
the partition coefficient.
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Fig. 5. A mixture of the d-chondrocurine

monomethyl ethers. The distribution coeffi-

cient for one of them is computed from
the asymptote.

Fig. 6. The same experiment as in Fig. 5.
The partition coefficient of theother d-chon-
drocurine monomethyl ether is computed
from the difference between the observed
values for the extinction coefficient and the
values computed from the asymptote The
logarithms of the differences are plotted
versus the numbers of the corresponding
extracts.
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Preliminary determination of the partition coefficients of the two d-chondrocurine mono-
methyl ethers in a solvent system containing benzene, heptane, methanol, and water
(2, 4, 3, and 3 volumes, respectively ). The water phase contained 0.5 % K,;S;0, and
0.5 9% Na,CO,, and the pH-value of this solutior was adjusted to 8.0. A preparation of
partly methylated d-chondrocurine had been separated ¢ into three fractions, one of
which consisted of the monomethyl ethers of d-chondrocurine. A few milligrams were
dissolved in a few drops of a mixture of chloroform and methanol (1:1) and added to a
separatory funnel containing 10 ml of the lower phase and 15 ml of the upper phase of
the solvent system. The lower phase was changed. The extinction readings at 280 myu
for the extracts were 0.995, 0.440, 0,198, 0.131, 0.085, 0.065, 0.047, and 0.041. The loga-
rithms of the values are plotted in Fig. 5, and an asymptote fitted to the tail values. The
partition coefficient value corresponding to this line is 2.7. The antilogarithms of the
ordinata values of this line at abscissa values corresponding to the numbers of the suc-
cessive extractions give the calculated concentrations of the substance with the parti-
tion coefficient 2.7 in the various extracts. These values were subtracted from the original
readings, and the logarithms of the remainders for the first four extracts were plotted
versus the number of the corresponding extractions (Fig. 6). A straight line was fitted
to the points, and its inclination read. The corresponding partition coefficient was 0.35.
This value is somewhat too low; the value 0.5 was later obtained from a crystallized
preparation of this substance. The values found are, however, sufficiently accurate to
enable a rational planning of a counter current separation. It can be concluded from
these figures, that one should use about equal volumes of the two solvent phases for a
counter current separation, and that the ratio of the partition coefficients is so large that
a fair separation ot the two d-chondrocurine monomethyl ethers can be carried out, using
a conveniently small number of separatory funnels. Such a separation was also carried
out, using five funnels, The separation can be considerably improved by repeating the
separation with each fraction,

The author wishes to express his sincere thanks to Sverige Amerika Stiftelsen, Amer:-
can Scandinavian Foundation and Astra Pharmaceutical Products, Inc. for fellowships,
and to Professor Dermot, B. Taylor for the privilege of joining his alkaloid research team
and for supplying various Chondrodendron alkaloids and partly methylated preparations
of them,
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