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Abstract:

The goal of natural products chemistry is the isolation and identification of novel secondary
metabolites from terrestrial or marine organisms. In some cases, nontraditional separation techniques
must be developed in the course of the investigation. An equally important and hoped for outcome is
that those compounds discovered will express potentially useful biological activity that can be
identified and quantified. It was the purpose of this research to investigate the secondary metabolites of
the Bermudian tunicate Clavelina picta towards those ends.

In the course of the investigation, thirteen novel compounds were isolated . Two additional compounds
were characterized as a mixture. Of the fifteen, twelve were identified as quinolizidines, and three were
identified as isomeric mixtures of indolizidines. The isolation of the compounds was achieved via high
speed counter current chromatography. Four quinolizidines and the three indolizidine mixtures were
found to possess both cytotoxic and antimicrobial activity.
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ABSTRACT

The goal of natural products chemistry is the
isolation and identification of novel secondary
metabolites from terrestrial or marine organisms. In ,
some cases, nontraditional separation techniques must be
developed in the course of the investigation. An equally
important and hoped for outcome is that those compounds
discovered will express potentially useful biological
activity that can be identified and quantified. It was
the purpose of this research to investigate the secondary
metabolites of the Bermudian tunicate Clavelina picta
towards those ends. , i

In the course of the investigation, thirteen novel
compounds were isolated . Two additional compounds were
characterized as a mixture. Of the fifteen, twelve were
identified as quinolizidines, and three were identified
as isomeric mixtures of indolizidines. The isolation of
the compounds was achieved via high speed counter current
chromatography. Four quinolizidines and the three
indolizidine mixtures were found to possess both
cytotoxic and antimicrobial activity. '
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"INTRODUCTION

The investigation of natural products is'an ancient
phenomenon. Medicinal lore from prehistoric times was
surély based on a literal trial and error method. Eating
or chewing on a plant was an albeit dangerous, but
immediate, method of detérmining its nutritional, healing
or toxic properties. Indeed, Socrates himself was aware
of the powerful effect of a constituent of hemloék. The
Phoenicians, or one of their many trading partners,
developed the use of an exudate from a mollusk as a dye,
roéal purple. A Polynesian fisherman was probably the
first person to observe the killing of fish in a lagoon
in the presence of a particular coelenterate, one which
harbored palytokinl. Perhaps by dipping his spear in a
colony of thenorgahiéms, he would insure himself an
easier catch!

Based on these observations or simple investigations,
a practical application of the natural product has come
about. These applications havé proven to be, for the
most part, of a beneficial nature to mankind. 1In earlier
times, it was enoﬁgh to use the whole plant or animal
responsible for the activity of interest. With the
sophisticated methods of modern science, we can no longer

satisfy ourselves with merely noting that by drinking tea
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made from bitterroot, we are making use of an efféctive
heart tohicz. We‘are finally capable in the twentieth
century of isolating and characterizing even very minor
meﬁabélites which are respoﬁsible fér,bioactivity, as it
now has been named. These methods also allow for the
identification of compounds that may not display
biological activity but are important nevertheless for
their novelty or commercial utility.

In the realm of modern marine natural products, a-
multitude of novel and biologically active compoﬁnds have
come to light in the last three decades. J.T. Baker and
V. Murphy cite that the upswing of research in marine
natural products took place in the mid 1960’s>. The
trend in the 1970’s was that of discovering compounds
both novel and biologically active. This interest led,
for example, to Hoffmann LaRoche establishing a facility
in Australia with the expressed purpose.of finding marine
natural products with potential as drugs4. The Nationgl
Institutes of Health have expressed increased interest in
recent years in natural products for cancer treatment. A
vast program involving the collection of organisms and
testing of abstracts.with é wide array of cell lines is
underway at present. It was felt that, given the few
cell lines used earlier for testing, some biologically

active compounds could have been overlooked. The testing




3
program now includes biocassays with the HIV-1 virué as
well.

Not all types éf marine orgaﬁiéms seem to have
received the same amount of interest from natural
products chemists. Very little work was done on
tunicates prior to 1979, although there does not seem to
be any specific reason for neglecting these
invertebrates. It was perhaps the isolation and’
identification of the biologically active cyclic peptides
by Rinehart’ that gave impetus to an increase in interest
in tunicates. Tunicates have been an object of study at
the natural products laboratory at Montana State
University since the early 1980’s. This report will
discuss the research into the biologically active

metabolites of the Bermudian tunicate Clavelina picta.
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CHEMISTRY OF THE TUNICATES

Whereas most research interests were devoted
ditionally to other marine invertebrates over the

course of many decades, no marine natural products
chemist can deny that tunicate metabolites deserve
attention. The most important reason for this newly
achieved notoriety is the substantial numbers of
compounds that display a variety of biological
activities. The basic structural characteristics are
also not limited to one or two types; the only
commonality among the compounds is that they are
nitrogenous.

From an Aplidium species were isolated two compounds,
the 2,3-eryfchro-isomer, I, and the 2,3-fchreo-isomer, 2,
of aplidiasphingosine. In the original paper by Carter
and Rinehart, the compounds were cited as having
antimicrobial properties and were also cytotoxic toward
KB and L1210 tumor cells in tissue culture6. The
relative configuration was determined in a later

synthesis7.



A highly aromatized pentacyclic compound,
2-bromoleptoclinidinone, 3, was isolated from a
Leptoclinides species found in the Truk Lagoon in
Micronesia. The characterization of the new fused ring
skeleton required extensive long range carbon correlation
NMR experiments8. It was reported to display mild

cytotoxicity, EDSO (PS=4gg/ml) 9.

From the tunicate Polycitorella mariae was isolated
citorellamine, 4, which possesses insecticidal, cytotoxic

and potent antimicrobial properties. The structure
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originally proposed by Roll and Ilrelandl0 was revised and

confirmed by total synthesisll.

A Japanese group reported the isolation and
characterization of two isomeric compounds from the
Okinawan tunicate, Pseudistoma kanoko, pseudodistomin A,
5, and B, 6. The structure elucidation was done with the
triacetate of the molecule, due to the natural product®s
proclivity for decomposition. The pseudodistomins
represent the First piperidines isolated from the marine
environment. They exhibit potent antagonistic activity
toward calmodulin, a mediator regulating cellular

function and a variety of cellular enzyme systemsi12.

OH



OH

Possessing both antimicrobial and cytotoxic activity
are the polyandrocarpidines, AfB, 7,8 and C,D, 9,10 from

the genus Polyandrocarpal3™l4.

(CH2)n— N
H
7,n=4
8, n=5
MH
CH2)n- N
( )nH NH
9, n=4
10, n=5

Unique to marine natural products is the 1,2,4-

thiadiazole functionality of dendroine, 26, whose
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structure was established by X-ray analysis. Isolated
from Dendrodoa grossularia from Brittany, it is slightly

antimicrobial and displays 1,1210 inhibitory activityl5.

11

Also isolated from the same tunicate was grossularine,

12, whose structure was elucidated via NMR, UV, IR and

12

Two unusual 2"-deoxy-nucleosides were discovered
among the secondary metabolites of the Mediterranean
tunicate, Aplidium fuscum, thymidine-5"-carboxylic acid,

13, and 2°"-deoxyuridine-5"-carboxylic acid, 1417.



13 R=CH3
14 R=H

Tunichrome B-1, 15, isolated and characterized by
Breuning, et. al., is a reducing blood pigment from
Ascidla nigra. It is apparently constructed of three
hydroxy-DOPA units. Due to the susceptibility of the
compound to rapid air oxidation, 5,000 tunicates were

sacrificed to obtain 500 “ig of the pure compound18,19.

OH

15
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A large number of compounds are derived from
tryptophan. Eudistomins A, 16 and M, 17, from Eudistoma
olivaceum, are pyrrolocarbolinesszI. A compound
isolated from an Okinawan tunicate, Eudistoma glaycus,
containing a dihydro pyrrole moiety, was eudisﬁomidin A,
18. The compound was characterized via spectral data,
and it was found to be a calmodﬁlin antagonistm. Five
corresponding dihydro derivatives from E. olivaceum are
G,H,I,P and Q, 19-23. Completely lacking the pyrrole
moiety are D,J,N and O, 24-27. The aforementioned
eudistomins from E. olivaceum were tested from
biocactivity against HSV-1, Saccharomyces cerevisiae and
Bacillus subtilis. D,G,H,I,N and.O displayed activity
against the Herpes virus, whereas H,N,0 and P were active
against the yeast. Expressing activity against the Gram
positive bacteria were D,I,N,0,P and Qm. Another group
of eudistomins, C,E;F,K and L,‘28-32, possess fhe

e . . C . 19,23
extraordinary oxathiazepine ring '~ .

Preliminary assays
performed‘with’C,E,K and L showed activity against HSV-1
at 50 ng/12.5 mm disk. Investigation of the Be;mudian E.
olivaceum yielded three new B-carbolines, R,S, and T, 33-
35. The structures of R, S and T were determinea via |
spectral methods and comparison with other eudistomins®’.

The structure of eudistomin T was later confirmed by

synthesis%.
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16 A R=Br
17M R=H

20 | R1=R2=H

21 Q R1=0OH, R2=H
22 G R1=H1 R2=Br

23 R R1=0OH1 R2=0OH
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R1

24 R1=Br, R2=0H1 R3=H
25 J R1=H1 R2=0OH1 R3=Br
26 N R1=R3=H1 R2=Br

27 0 R1=R2=H1 R3=Br

R1

28 C R1=R4=H1 R2=0H1 R3=Br

29 E R1=Brl R2=0OH1 R3=R4=H

30 F R1=H1 R2=0H1 R3=Brl R4.¢; w302
31 K R1=R2=R4=H1 R3=Br

32 L R1=R3=R4=H1 R2=Br

33 R R1=H1 R2=Br
34 S R1=Brl R2=H
35 T R1=R2=H
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Another remarkable set of compounds are the thiazole

ring-containing cyclic peptides. Ascidiacyclamide, 36,

is a cytotoxic metabolite from an unidentified ascidian

collected in the Barrier Reef. The structure, containing

both thiazole and oxazole rings, was determined by Xx-ray

crystallographic analysis26.

36

Ulithiacyclamide, 37, with a disulfide bridge, and
ulicyclamide, 38, were the first two cyclic peptides
reported from tunicates, isolated from Lissoclinum
patella. Ireland and Scheuer based their structure

elucidation on UV, IR, MS and NMR dataZ27.



14

The patellamides A, B and C, 39,40,41, characterized on

the basis of NMR and degradation studies, express
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activity against L1210 murine leukemia cells.

Also,

ulithiacyclamide proved to be six times more potent than

the most active patellamide?28.

Spectral

RI R2 R3 R4
39 AX_ V< Tr-c H

* y CH3 App CH3

a1 CH3  yaph cH3

data for A, B and C were re-assigned,

the elucidation of prelissoclinamide-2, 42,

leading to

prepatellamide-B formate, 43, and preulicyclamide, 44.

Amino acid sequences were determined by NIFAB and

PIFAB28.
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42

43

OCHO
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Cyclic depsipeptides are metabolites of the Caribbean
didemnid tunicate, 45,46,47, possessing potent antitumor
and antiviral activity. Among the didemnids, didemnin B,
46, entered Phase 2 clinical trials in 198729. The
original structure was based on FDMS and degradation

studiesd and later revised by synthesis3l.

OMe
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Since research efforts in‘oﬁr own group had been
successful in bringing novel compounds from Eudistoma to
lightu, it was hoped that other Bermudian tunicates
would also yield unique metabolites. Clavelina picta, a
light purple tunicate indigenous to Bermuda, is readily
found on bridge pilings and in shaliow inshore waters.
Although it shares its immediate surroundings with
various tunicates, other invertebrates and algae, it
competes effectively for space. Nor does it appear to be
a victim of predétion. These general underwater
observations indicéted the possible existence of
chemically induced self-preservation.

A KB assay performed under the auspices of the
National Cancer Institute revealed that the organié crude
of C. picta was active at approximately 10ug/ml. In-
house testiné aiso deﬁermined tha£ the organic crude
displayed appreciable antimicrobial énd slight insect—‘
antifeedant actiﬁiﬁy. A computer—éided literature search
on Clavelina‘species indicated that no investigations
into the secondary metabolites héd been reported. 1In
light of the range of activities displayed and the' lack
of research undertaken on that species, it presented

itself as an ideal target for analysis.
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STATEMENT OF THE PROBLEM

The main goal of natural products chemistry is, in
general, the isolation and identification of novel
secondatry metabolites. In some cases, non-traditional
separation techniques must be developed in the course of
the investigation. An equally important and hoped for
outcome is that those compounds discovered will express
potentially useful biological activity that can be.
identified and quantified. It was the purpose of this
thesis to investigate the secondary metabolites of

Clavelina picta towards those ends.
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INITIAL ISOLATION ATTEMPTS

The use of a'partitioning scheme with the orgénic
crude extract resulted in the separation of its
constituents by polarity into three portions, hexane,
chloroform and methanol/water solubles. Both
antimicrobial and brine shrimﬁ tests indicated that
activity was fairly e&enly dispersed between the latter
two polar fractions. Bioassay guided fractionation was
usedito facilitate the isolation of the active material.

Preliminary chromatographic separations were
performed on the ¢hloroform solubles via size exclusion
gelé. First, one to two gram aliquots were appl%ed to
Bio-Beads S5-X4 gel; elution with hexane-methylene
chloride-ethyl acetate (4:3:1) yielded eight fractions.
Those fractions from the S-X4 chromatography which
displayed activity were then applied separately to
Sephadex LH-20 gel in methanol—methylene chléride (1:1),
giving eight fractions. The foliowing chromatographic
separation,‘utilizing Bio-Beads S-X8 gel and methylene
chloride-cyclohexane (3:2), was primarily for stripping
the appropriate fractions of excess fatty material.
Subsequent application of the eluted fractions to

Sephadex LH-20 gel in methylene chloride-methyl t-butyl
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ether-isopropanol (l:1:1) proved of little value, and
this step was later excluded.

ﬂBeiné'of a highly polaf natﬁre, the fractions
containing the target molecules were then subjected to
réverse phase flash chromatogféphy; A step gradient
solvent system was used with a short column containing a
C,g gel: step 1)70% methanol in water; step 2)90%
methanol; step 3)100% methanol. By weight, most of the
material applied eluted with 70% methanol. "H NMR
speétra revealed that each fraction had a very similar
profile. The spectra implied the presence of
structurally similar compounds with differing poiarity.

The optimum separation achieved with this system was
a fraction containing two ﬁajor components, with one
compound comprising approximately 80% of the mixture by
weight, (Figure 1). EIMS revealed the molecular weight
of the major compound to be m/z 347, while the‘other
compound appeared to have a molecular weight of m/z 319
(see Figures 2 and 3). ‘The low resolution determinations
were substantiated by HRMS, which suggested a molecular
formula of C, H,,NO, for the former and C,oH;3NO, for the
latter compound. Characteristic of the two compounds was
the apparent loss of an acetate, m/z 287 and 259 (M+—

HOAc). Infrared analysis of the fraction indicated the

presence of an isolated acetate, absorbing at 1735 cm™
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and a protonated te;tiary amine, with a broad, moderately
strong peak centered at 2500 cm ™.

In order to separate the compounds from the mixture,
a series of solvent systems were tested via thin layer
chromatography to check the viability of either a normal
phase or a reverse phase chromatographic separation by
high performance liquid chromatography. The compounds
did not move on silica gel, thus obviating the use of a
silica column. Reverse phase plates (C;,) indicated that
a successful sepération should be realized with 100%
methanol.

A number of separations were attempted with both
semi-p;ep and/or analytical columns, including
octadecylsilyl, cyano, diphenyl, amino, P-cyclodextrin
and polystyrene-divinylbenzene columns. The first five
columns utilize silica as a solid suppoft; whereas the
last column is composed oﬂly of the aforementioned
packing. Normal phase chromatography was also attempted
with those columns which could be run in both normal and

reverse phase, namely, the cyano, amino and diphenyl

columns.




Figure I. 250 MHz 1H NMR Spectrum of 51 and 65 in CDCI3.
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As hoped, the protonated species of the compounds
were readily eluted from the columns regardless of the
moae, reverse or normal phase, or the solvent system
employed. Sharp Gaussian peaks were observed with the
elution of the polar species, but resolufion was very
poor. Subsequent to the elution.of the protonated
specieé, the elution of other compounds was characterized
by low, broad peaks with extensive tailing and
unacceptable, extended retention times. Examination of
the nonpolar eluants from these trials indigatedithat the
fractions contained the deprotonated species. The
fractions applied to the HPLC columns had not been shown
to contain both protonated and deprotonated forms of the.
compounds, and this elution phenomenon was unexpected.

It is possible that an equilibrium mixture of protonated
and deprotonated species was.formed, but no atteﬁpt was
made to establish this hypothesis.

Tertiary amines have been cited often in the
literature as having this notorious property, especially
in the case of silica or silica-based columns. As has
been described by Stadalius, Berus and Snydern,
unreacted or uncapped silanol groups on the silica
surface are capablé of interacting with basic samples.
One of the most common ways of dealing with this problem

is by solvent modification, that is, typically by
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addition of 0;1% triethylamine or trifluorocacetic acid.
Unfortunately, the addition of such highly basic or
acidic modifiers can lead to rapiq decomposition  of the
solid HPLC packing. Nevertheless, 0.1% TFA was used as a
modifier in a methanol-water system using an analytical
octadecylsilyl (ODS) column; the observed UV trace
revealed that the modifier had little effect on tailing.
This could have been due to too lafge a sample or the
fact that the pH was 3.5 and not 2, a typical acid pH for
this type of modified system. A system employing a lower
PH was not tested.

In two other cases, 0.1% triethylamine was employed
as a modifier. In the case of the ODS column, it had
some effect, but improvement was not considerable. A
further attempt was made by applying the fractions to a
column with a non-silica based polystyrene-divinylbenzene
packing. The UV trace yielded more Gaussian peaks and
curtailed tai;ing, but the runrduration of a 1 mg
injectionrwas stili protracted; it was sixty minutes
long.

The only column which caused no tailing and no
extended retention times was an amino column, which,
curiously enough, was silica-based. Less endearing was
the fact that the eluants had no recognizable 'H NMR

spectra. It appeared that the compounds were either
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rearranging or decomposinglon the column. GC/EIMS did
1ndlcate the presence of compounds having the molecular
weight of the target molecules, but no other GC peaks
were observed. However, if polymerization were taking
place, those compounds would not elute f?oﬁ the GC
column. No further attempts to separate the compounds

were made with the column.
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SEPARATION ATTEMPTS: WITH COUNTER CURRENT CHROMATOGRAPHY

It was obvious that a more traditional methodology
for isolation of the tertiary amines was not effective.
A relatively new alternative for chromatographic
separation is high speed, centrifugal counter current
chromatography, CCC, deveioped by Ito as a faster
alternative to drople£ counter current chromatography,
pccc®.  In recent years a number of publications has
attested to the success of CCC for isolations’’. Over
the past six years, the natural products 1aborator§ at
this university has been involved in developing CCC
specifically for the isolation of natural produqts on
semi-preparative and analytical scales. An expansion on
Ito’s earlier sepafations of nucleosides, purines and

pyrimidines has been developed by this author>’.

It has
been demonstrated as a means of isolating these molecules
from the aqueous extracts of sponges%. Qoumarin;
differing by only one sugar unit have also been
successfully separated%. Baseline separation of
diastereomeric diketopiparazines has been achieved as
well®’,

CCC has a great advantage over HPLC in that all that

is required is a two-phase solvent system; it can be run

in normal or in reverse phase. Modifiers resulting in
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high or low pH have no deleterious effects on the column.

While the number of theoretical plates is low, efficiency

and resolving power are enhanced by é highly dynamic
partitioniné process. A further and perhaps the most
important consideration for the natural products chemist
is that no material is lost. Thus, samples in the 100
microgfam range can be chromatographed with the assurance
of recovering all the material.

A series of sblvent systems (Table 1) was tested to
see whether the separation of the compounds in the polar

fractions from flash chromatography could be achieved.

Table 1. Solvent Systems Used for CCC,.

Protonated Amines

Solvent System Solvent Ratio
CHC1,-MeOH-H,0 : ) | 24:35:20
H,,~CHC1,-MeOH 1:1:1
CH, ,~C H,,~MeOH 1:0.5:1
H, ,~CH,C1,-CH,CN o 10:15:35
CH2C12-MeOH—HéO ) '  5:5:2

Deprotonated Amines

Solvent System Solvent Ratio
CH, ,~CH, Cl -CH,CN 50:15:35

C H EtOAc CH, CN 50:15:35
CGH12 EtOAc CH, Cl -CH,CN 10:10:1:2:10
C.H CHCl -CH,CN~- CH MeOH 4:3:6:15:6

67714 67712
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Without exception, all of the material eluted with the
solvent front of the mobile phase; one large peak was
observed on the UV trace. This suggested that the
overriding determinant for separation was the polarity of
the compounds. They apparently had such similar
partition coefficients that a successful separation was
not to be realized. What was required, thén, were
compounds that did not have such similar coefficients.

As has been stated previously, essentially all of the
fractions eluted from the reverse phase flash column
contained what appeared fé be structurally similar
compounds. The only major differences between the
compounds eluted at 70% methanol and the compounds elufed
at 100% methanol were upfield shifts of the one-proton
signals and the methyl doublet in the 'H NMR spectrum.
The 'H NMR spectra of those HPLC fractions eluted with
protracted tailing were idenﬁical to the fractions eluted
at 100% méthanol, suggesting that they, too, were the
deprotonated forms of the desired compoupds. A signal
indicating a protonated tertiary‘amine was lacking in the
IR of these fractions. To further substantiate this
hypothesis, a 5 mg aliquot of a fraction eluted at 100%
methanol was partitioned between methylene chloride and
dilute acid, HC1l, pH2. A 'H NMR spectrum of the

methylene chloride phase showed a broad peak at 911.5,
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the resonance for the N-H proton. IR showed a broad peak
centered at 2500 cmﬂ,_identical to that of the naturally
occurring protonated compound. The spectral aata were
Suppoitive evidence that the naturally oécurring
protonated compounds were the amine hydrochloride salts.

It was hypothesized that the nonprotonated compounds
would be more amenable to separation, if the partition
coefficients of the non-protonated species were-different
enough to allow separation. Previous e NMR épectra had
indicated the presence of the nonprotonated compounds in
the hexane solubles of the organic crude extract of the
tunicate. One gram aliquots of the hexane solubles of
the organic érude extract were chromatographed on Bio-
Beads S-X4 gel in hexane-methylene chloride-ethyl acetate

(4:3:1), yielding eight fractions with each’

~chromatography. After the fractions were analyzed via

NMR, the fractions which contained the target compounds
were pooled and subjected to CCC, in reverse phase mode
with n-hexane—methylene chloride-acetonitrile (10:3:7).
The chromatography was run for three hours aﬁd thirty
minutes. This time a remarkably different UV trace was

obtained (see Figure 4) .
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TIME (HRS.) 2

4 . CCC Chromatogram of Quinolizidine Mixture.

Fraction 1 was composed of one compoundf according to
EIMS, m/z 317. Fraction 2 comprised two compounds, m/z
345 and 319, while fraction 3 was pure, m/z 347. This

represented the first isolation of 51 and 70.
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ISOLATION OF OTHER QUINOLIZIDINE HOMOLOGUES AND ANALOGUES

Quinolizidine Dienes and Trienes 69, 65, 70, 67, 66

Since the reverse phase flash column had demonstrated
the ability to concentrate the protonated compounds using
70% methanol, it was considered germane to see . if a
slight modification of the solvent system could resolve
the mixtures further. The modification employedi%as
simply to begin the chromatography with a 1:1 miﬁture of
methanol-water. A 100 mg aliquot of the fraction eluting
at 70% methanol was reapplied to the column with the
utilization of the aforementioned solvent system.
Although'this protracted the elution of the compounds, it
did result in the elution of five fractions. The major
fraction by weight, fraction 5, was eluted with 70%
methanol. A thérough analysis of fractions 1, 2, 3 and 4
revealed that fractions 3 and 4 no longer appeared fo
contain as many quinolizidine analogues or homologues, as
was common to earlier flasﬂ chromatographies. |

Mass spectral analysis of fraction 3 indicated the
presence of the C,, acetate diene, 51, and a compound
with 'm/z 345, 69. Minor traces of two other compounds
were observed, m/z 291, 67, and m/z 317, 70. Fraction 4
appeared to dontain one major compound, m/z 319, 65, and

other very minor, unidentified constituents. Finally,
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fraction 5, again eluted aﬁ 70% methanol, seemed to be
comprised of 51, 69, a mixture of compounds with m/z of
263, 261 and‘259,'the'homologouS‘miktures of 86, 88 and
89. Also present was the C,, alcohol, 74.

The isolation of compound 1, in its déprotonated
form, had already been demonstrated with CCC. It was
also suspected, that, given fractions containiné less
complicated mixtures of the quinolizidines in their '
deprotoﬁated form, the reverse phase flash gel might also
provide an adequate means for isolating individual
quinolizidine types. 1In order to test this hypofhesis,
the constituents of fraction 5 were first deprotonated by
spiking an aliquot of the fraction with 1 Ll of
triethylamine per 10 mg of compound. The aliquot was
applied to the flash column and run with 90% methanol.
It was thought that beginning with 90% methano