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ABSTRACT

Anti-tumor tests conducted by the Natioﬂal insti«
tute of Health, Cancer Chemotherapy National Service
Center, showed that the anti-tumor activity resided in
" the defatted méthanolzfraction of the leaves and stems

of Bocconia arborea and Bocconia frutescens family

Papaveraceas,

Alumina colﬁmn chromatography and'thinnlayer
chromatography resultéd in the isolation of nins alkaloids:
dihydrosanguinarine, dihydrochelerythrine, GXysanguinarine,
Sanguinarine2 oxychelerythrine, chelerythrine, 1ll-methoxy-
chelerythrine, protopiﬁe and allocryptopine., Identifica-
tion of each compound was determined by instrumental
analysis, comparative thi;—layer chromatography, mixed
mslting points and ofher analytical procedures,

Testimg of the isclated alkaloids indicated that
sanguinériﬁe.and protopine showed activity in.the in
vitro SKB tissue culture, while chelerythfine showed
asti&ity in a live tumor-system, SWM {Walker Intramus-
eular)., «

A new derivétive of dihydrochelerythfine was
synthesized and identified as 11-N~propox§che1erythrine
bassd on mass spectrometry and nuclear magnetic resoﬁ.anceo

°
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CHAPTER 1
INTRODUCTION

In the‘continuing seafch for potepﬁial anti-
tumor agents from plant sources, extracts of Bocconia

arborea S. Wats, and Bocconia.frutesdenS-L;Jfamily

Papaveraceae demonétrated tumor inhibitory properties
Vin two biologicai screening systems of the Cancer Chemo;
therapy National Service Center. Both plants'showed
activity in the in vitro 9KB (Adenocarcinoma of the
Nésopharynx) and the in vivo SWM (Walker Intramuscular
256) tést systems., The purpose of this investigaticn
was to isolate and identify those agents responsible for

the anti-tumor activity.

Occurrence and Description of the Plants

The genus Bocconia consists of shrubs or small "
‘treesvwith yeliow or réddish juice, The stems are simple
or spsarsely branched, and the leaves are often very 1afge°
The small flowersgare in Jarge panicles, The small cap-
sules are stipitate, dehiscent to the base, and contain
one or more seeds (Standley 1922, p. 299)¢

Bocconia arborea is found in the Mexican states

of Durango and Sinaloa south to Puebla and Qaxaca and
also occurs naturally in Guatemala (Standley 1922,

1



p. 300). The material used in this investigation was
collected 4O miles south of Tepic, Nayarit at the edge
of the lava flow which crosses Mexican Highway 15. Con-
firmation of the plant's identity was made by Dr., Charles
ﬁason, Jr.,, Director éf'The'Univeréity-of Arizona Herbar-
ium, and a voucher.speéimen (#163199) Qas deposited in

the Hefbariumf{?igc 1),

Bocconia arborea is a tree 15-25 feet high and
.up to 2 feet in diameter. The leaves are ovate to
obiong-lanceolate and deeply pinnatifid.. | They are
glabrous ebove 'and either pale and tomentose dr_giaﬁrous
- below. The bark isldeeply cracked and gorky (Standley
1922, p. 300). | |

. Bocconia frutescens is foundAiﬁ,the Mexican stétes

7/

of Tamaulipas, San Luls Potosi and Veracruz. It is dis-.

tributed throughout Central America to Peru and also found
in the West Indies (Standley 1922, p. BOO)a The materiaiA
used in this studyrwas collected at El,Salto,»BS miles
south of Morelia in the State of Michoécan, Confirmation
‘was méde by Dr. Mason, and a voﬁche:'specimen (#166@30)
~was deposited in the Herbarium (Fig. 2)07

. Bocconia frutescens is usually a shrub or tree,

1 to 7.5 meters high, The bark is smooth and pale and
the leaves range from 12 to over 410 em in length, The

leaves are petiolate and usually with numerous lobes,



Fig. 1. Herbarium Specimen of Bocconia arborea



Fig* 2. Herbarium Specimen of Bocconia frutescens
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Théy are tomentose or sometimes glaucous beneath, The
flowers are purplish and the fruit is usually glaucous

- (Standley 1922, p. 300).



CHAPTER 2
ISOLATION OF PLANT CONSTITUENTS

A review of the literaturse concerning‘the'fwa
species of the genus Bocconisa indicated the presence of
numerous alkalcids, Prior to this investigation Boc-

conia arborea was reported to contain the ‘alkaloids

chelerythrlne, protopine, allocryptoplne and several‘_
"unidentified bases (Manske 19413). In work publlshed
affer the completion of this study, these bases were
identified (MacLesn et al, 1969) and agree with this
investigator's findings.

Bocconia frutescens has been reported to contain

the alkaloids chelefythrine, protopine, allocryptopine

and sanguinarine (Tani and Takao 1967).

Prelimihary Bioclogical Tests ‘and Evaluation

The prpllmlnary blologloal te%tln (Tables 1
and 2) showed that the . defatted methanol extract of the
dried leaves and stems was the most active fraction in
both species, |

on the bésis of the preliminary teat results,
large samples of the defafted methanol sxtract were pre-
pared for isolation and identificatiocn of the actiwve

components,



Table 1

Activity of Bocconia arborea in 9KB

Activity is defined as EDcpy = 10 meg/ml for plant extracts,
Results are expressed as %hc dose that inhibits growth to
50% of control growth 3 days after drug addition  {(Cancer
Chemotherapy Reports 1962)

Extracf?" mdg/ml”Dilutioh
Petroleum Ether 2.2 x 1O1 mcg/m1
Petroleum Ether, Methanol 8.4 x’lOo‘mcg/ml

Table 2

Activitj'of Bocconia frutescens in SWM

Activity is defined as a percent T/C (Tﬁst/Contfol)‘of
less than 60 in a satisfactory dose response test
(Cancer Chemotharsapy Reports 1962) B

Extract %(Tesﬁ/control) Dose mg/kg
Petroleum Ether . - 102% g 225 |
92% - 150
89% 100
| 97% 5o
Petroleum Ether, Methanol 17% A 225
| | g . 150
57% 100

73% | - 50




Extraction of the Plants

Each spscies was processed separately in the
following manner, Tenxkilograms of .dried leaves and
stems were ground in a No. 2 Wiley Miil through a'3 mm
mesh screen and'pléced in a large canvas'bago The bag
and its contents.were placed.in»a oné'gallOn'capacitj
. Lloyd type extractor;{Brighton Coppér Works)., The plant
material was extracted continuously Qith 2l liters of
petroleum ether until evaporation of a small amount which
had passed through the plant material left no fesidue.
This extraction was carried out for 38 hours., The petfo;
leum ether extract was removed from the Lloyd extractor
and evaporéﬁéd° ' The marc was removed and dried. VThe
marc was repacked in the Lloyd extractor and extracted
for [6 hours with purified methanol. Therexhansted.marc
was then discarded and the methanol extract removed from
the Lloyd extractor and sesvaporated in an air stream,

The yield of Bocconia arborea was 156 g, and the yield of

Bocconia frutescens was 149 g,

Thin-Layer Chromatography of the 1ethanol Fraction

The mathanol extract of each species was spotted
on a 5 x 20 cm thin-layer chromatography p’ate 0,25 mm
- thick. The absorbant used was Silica Gel G {Merck).
Ascending chromatography was employed using solvent

system I (benzene, chloroform, methanol, 75:25:0.2), The



plate‘was first examined under ultraviolet light and then
developed ﬁitb ﬁrégendorff;s‘reégent for the detection of
alkaloids =and other nitrogen:containing c_ompounds° Nine
possib1e a1kaloids were détecfed,in each species. A
4miﬁture of the mefhanol eXtracts of each-speéies-was
compared on thin-layer chromatography using solvent system
io Inépectidn under ultraviolet light and deﬁelopment
with Dfagendorff’s'reagent showed that both species con-’
tained the same materials (Figé 3). | |

The defatted methanol extract of Bocconia frubes-

cens was used for further fractionation,

Alumina Neubral Column

!

In order to obtain sufficient quantity of each
possible alkaloid for biological testing, a procedure
involving =a ;olumn chromatography separation was émployedoA
A 100 mm glass column 1,5 m in length was packed with
alumina neutral activity III (6% water). Four kilograms
of alumina neutral activity I were shaken for six hours
with 240 ml of distilled wétera A”small cotton plug was
inserted in the bottom of the column and held in place
witb a 1§ng metal rod. Enough alumina was added to ﬁold
the plug in place so that the rod could be removed.
Approximately 2.1iters of benzene weré added and the tef~  -
lon stopcock was opened to drip at a moderate rate, The

remainder of the alumina was added slowly until the Iy kg



X
a

;
i
;

)
i
o

X
b

Fig. 3. Thin-Layer Chromatography of the

Defatted Methanol Extract

(a) Bocconia arborea,

(b)

Bocconia frutescens
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11
were packedvin the colurim_° Several pieces of filter
paper were placed on top of the alumina to provide a flat
surfacé'between the top of the élumina‘and extract, A
~ small head of solvent still remained above the alumina,

Eighty grams of the defatted~methanol extract of

Bocconia frutescens was dissolved in a mixture of meth-
’énol*andr-chlorgforma This solution was élowly added to
250 g of'alumina and evaporated in vacuo. The combina:
tion of extract and alumina was carefﬁlly piaced on the
column with the stopcock open to aid-in'packing‘the‘
column evenly. Before more solvent was added, several
moré pieces of filter paper were p;acgd in the column
to prévent'distufbance §f the élﬁmina absorbed extract:
mixture, The column was then filled with benzene in
préparation for the collection of fractions (Figo by,
Fractioné of 750 ml were collected and subjected
to thin-layer 6hromatography for'comparisoh with the
original extracts, Sixteen benzeﬁs fractions wére col-
lecteé aﬁd applied to thin;layer chfomatogﬁaphy using
solventrsysﬁem I and were revealed with Dragendorff!'s
reagentf' The solvent was then changed to chloroform and
18 more fractions were collected sand subjected to thin-
~layer chromstography as indicated above, The fractions
were combined in groups according to their.thinnlayer

chromatography picture (Fig. 5).



Fig,

4«

— — — “'SOLVENT

- ~ - — ALUMINA + SUBSTANCE

— - -ALUMINA

“ — ®—-'-COTTON PLUG

Diagram of packed Alumina Column
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13

Fig. 5. Thin-Layer Chromatography of Alumina
Column Fractionation of Bocconia frutescens

(2 and g) Defatted Methanol, (b) Group A, (c) Group
B, (d Group C, (e) Group D, (f) Group E



u

A dried sample of each group was dissolved in 2% '

~hydrochloric acid and 1 to 2 drops of Mayer's feagent-wéé"'

edded, A positiﬁe test was indicated when precipitation -

occurred,

The results of the column chroﬁatbgraphy and

alkealoids test are shown in Table 3,

Table 3

Alumina Column Chromatography of Bocconia frutescens

Group Solvent Fractions Amount Mayer's Dragen-
‘ ' ' dorff?s
A Benzene 1-6 2,78 g Positive  Positive.
B Benzene 7-10 1°9é g Positive - Positivé
C . Benzens 11-18 3.08 g Positive  Positive
D Chloroform 19—23 10.51 g Positive ‘Positi§e'
E Chloroform | Negative

2h-3l

2.02 g

Negative

Alkaioids of Group A

Thin-layer chromatography of Group A indicated

the presence of two alkaloids.

Ultrgviolet-examination

of the plate revealed two violet spots. Aftef spraying - -

with Dragendorff's reagent, the spots showed red orange

(Alkaloid I) and orange (Aikaloid II1).
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Separation of Alkaloids I and IT
One'gram of Group'A was dissolved in chiorof;rm

end applied to 20 thin-layer chromabography plates
(20 x 20 cm and ;ZSO'mm thick) coated with Silica Gel G.
A solvent system of pure benzene (éolvent7§ystem'il)
was used and the plates were allowed to run about 15 mm,
The plates were then air dried and.rechromatographed-
again in solvent system II‘to'a pointiabéﬁt 2°5vgm from
top edge of thé plate. The plates were removed from the
solvent and air dried. Ultraviolet inspection indicsted
that the two alkaloids had separated and each one was
carefully scratched off the plates into an Erlenmeyer
flask, Acetone was added-aﬁd the mixture-was mechanically '
‘stirred for 2L hours., The mixtures were filtered through
a fritted gléss funnel and washed several times with
acetone, The acetone filtraté was evaporated 22 33333°
.Each sémple was chromatographed on thin-layer and
compared with the original Group A (Fig., 6). Alkaloids
I and II were relatgvely pure, They were recrystallized
from a mixture of hot methanol and chlorofo m, The yield
of Alkaloid I was 286 mg and Alkaloid II was 1§h mng.
The melting point for Alkaloid I was 193-19L°C, and Alka-
loid II was 159-161°C, |



Fig.

6.

- -alkaloid

Thin-Layer Chromatography of Group A

(@) Group A, (b) Alkaloid I, (c) Alkaloid IT
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Alkaloids of Group B

' Thin;iayer chromatography of this group showed
the presence of two alkaloids upon spraying with Dragen-
“dorff's reagent., Alkaloid III.gave the typicallorange--
red reaction to Dragendorff’s reagent, while Alkaloid v
was bright red.j'ﬁltraviolet observation of III and IV

indicated colors of violet and red respectively,

Separation of Alkaloids III and IV ,

- ~ Although the separation of Alkaloids III end IV
‘on thinélayer chromaﬁograpby wssrnot as aistinct as
Alkaloids I and II, an attempt was made to use thin-
layer chromatography as the me?hod of obtaining them in
pure form, While attempting to dissolve the mixturé‘in
chloroform and methanol, precipitation occurred, The
material was filtered and allbattempts to redissclve iﬁ
in the usual sélvents failed. Tﬁe precipitate was not
soluble in diluted hydrochloric acid or sulfuric acid.
ﬁot dioxane was successfully used to solubilizs the
precipitate and a compound crystalilized readily from the
’dioxanelon cooling., The compound has = melting,pbint of
356»358°Q° A comperison on thin-layer chroﬁatography
using sclvent system I of the dioxane soluble compound
ahd the group B mixture showed that the.crystaliine

material was in fact Alkaloid III.

17
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Hydrogen chléride gas was generated Ey drippigg
cdﬁcéntrated.sulfuric acid into concentrated hyéro—
chloric acid and drying in a suifuric acid célumn° The
_gas was then introduced into thé chloroform-methanol
filtrate from above and a red precipitate appeared, The
méterial‘was filtered, dissolved in water and ammonium
hydroxide, placsed in a separatory funnel and extracted
with several poritions of'chlérdform° The chloroform
solﬁtions were combined and evaporated in vacuo. The
materisl was récrystallized from hot methanol:chloro-
form 131, 1t hadAa melting point of 2 2-21°%, The
sample was com?aredeith the original Group B on thin-
layer Chromatogréphy using solvent system I and was shown

to be identical with Alkaloid IV (Fig. 7).

Alkeloids of Group C .

Thin-layer chromatography of this group, after
spraying with Dragendorff’s reagent, showed the presence
of twb alkaloids, Ultraviolet inspection prior to spray-
ing indicated the possibility that a third component
might be overlapping. Alkaloid V gave a slight orange
color with Dragendorff's, and a violet color under ultra;
violet light, .Alkaloid VI gave & vivid yellow color on
both spraying and ultraviolet observation. The tailing
portion of Alkaloid VI gave a different yellow coloration,

This was determined to be Alkaloid ViI,



alkaloid

1]
IV

Fig. 7. Thin-Layer Chromatography of Group B

(a) Group B,

®) Alkaloid III,

(c) Alkaloid IV

19



Separation of Alkaloids V, VI, and VII

In an atﬁempt to redissclve Greoup C in ch16r6a 
form and methanol, precipitation occurred. Again, this
precipitation was filtéred end was insoluble in the
usual solvents, Hot dioxene was again utilized. The
,éompound»slowly crystallized as the dioxane cooled; If-
hes a-melting pdint of 197-198°C., Thin-layer chroma-
togfaphy showed this to be Alkaloid V.

The filtrate was left standing exposed to thé
air for several dayé andia'crystallins precipitate
occcurred, Thié material was chromatographed and was
found to be identical with Alkaloid VI. The mother
liquid was evaporated in an attempt to crystaellize more
of A;kaléid VI, using hot methanol and chloroform as
recrystallization solvents, but another compound was
obtained., Comparison on thinélayer chromatography indi-
cated that the compound-waS'Alkaloid Vil. Alkaloida Vv,
VI and VII were. then compared on thin-layer chromato-~
graphy with the original-Group C, using solvent system
III {(dichloromethane-benzens-methanol-ethyl acetate,
12:2l4:1:1.5) (Fig. 8). This resulted in separation of

"Alkaloids VI and VII.

Alkaloids of Group D

Thin-layer chromatography of this group showed

the presence of two major alkaloids. Under ultraviolet

20



-- alkaloid V

VI

Fig. 8. Thin-Layer Chromatography of Group C

(@) Group C, () Alkaloid V, (c) Alkaloid VI,
(d Alkaloid VII

21
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light they wers both observedvas violet spots ahd after
s?faying, they gave the typicel orange-red cdlof for:
5ragendorff‘s positive reaction. The upper spot of this
group'waé designated as Alkaléid VIII, and the lower spot

as Alksloid IX,

Separation of Alkaloids VIII and iX

4 small column was packed with 30d g of aluming
(Activity III). Two grams of the material from Group D
were dissolved in chloroform and'the Sclution carefully
added té the top of the-coluinno When all the solution
waé absorbed by the alumina,}a piece of filter paper was
introduced at the top of the alumina so that as more
solvent was added, it would not disturb the columm,
Chloroform was then added to the colunn end collected at
the bottom using an automatic fraction coilectpra_
Samples of about 10 ml were collected and each one was
submit?ed for %hin~layer chromatographic examination, As
more sol#ent'ﬁas needed; chioroform.was introduced at fhe
“top of the column. Two-hundred sixty-eight samples were
collected. Samples numbered 187-20L gave Alkaloid VIII
in almost pure form, The samples were combined, evapo-
rated in vacuo and then recryétallized,ffom methanoiw
chloroform. A compound was obtained with a melting point
of 207~208°Co Samples 205-2l2 confained a mixﬁure'of |

Alkaloids VIII and IX, Samples 243-253 yielded relatively



. s
pure Alkaloid IX., It was crystallizéd as'indiéated
above, The compound had a melting point of 160-161°C.
Samples prefious to 187 and after 253 were contaminated
- with other materials, Alkaloids.VIII and IX wéfe com=~
pared on thin-layer chromatogfaphy using solvent system
I1II with a sampie of Group Doi They were ideﬁtical
'(Figa 9). | |



— alkaloid VIII

IX

Fig. 9. Thin-Layer Chromatography of Group D

(@) Group D,

(b) Alkaloid VIII,

(c) Alkaloid IX
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CHAPTER 3

IDENTIFICATION OF THE ALKALOIDS

i
Identification of the nine alkaloids was accom-

plished by ihétrumental analysis, thin-layer chromato-

graphic‘éomparisoné,.mixed'melting points, synthetic and

snalytical procedure,

Alksloid I

The'ﬁass spectrum of this alkaloid showed a m/e
333 éorrespohding_to a molecular formula of 026H15N0u°
The nuclear magnetic resonance (N.M.R.) showed peaks
éorresponding to N;CH3, bénzylic methylene, and two
methylene-dioxy groups. The aromatic region of the
speétra integrated for 6 protons. The presence of the
two methylenedioxy groups indicsted a relationship to
sanguinarine, The benzylic mathﬁlene.protOns established
the'idehtitonf-this alkaloid aé dihydrosanguinarine
' (Figs,.10; 11, 12), Using standard reference ultra-
violet (UV), infrared (IR) spectrum and melting point,
' this identification was confirmed,

-As final proof, a small sample of dihydrosangui;
nerine was converted to sanguinarine according to the

method of MacLean et al., (1969),
25
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CH2

Fig. 10. Structure of Dihydrosanguinarine

Alkaloid II

The mass spectrum of this alkaloid showed m/e
389, corresponding to a molecular formula of
The N.M.R. indicated a benzylic methylene, N-CH3, two
methoxy groups and integrated for 6 aromatic protons.
This information was sufficient to indicate this alkaloid
as dihydrochelerythrine (Fig. 13).

A sample of chelerythrine nitrate was converted
to dihydrochelerythrine by treatment with zinc dust and
dilute hydrochloric acid in the usual manner (Scheuer,
Chang, and Swanholm 1962). It was recrystallized from
ethanol (melting point 162°C) and chromatographed with
the isolated sample. In three different solvent systems

(I, II, III) there was no difference in Rf values.
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Fig. 12. Infrared Spectrum of Dihydrosanguinarine
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CH2

Fig. 13. Structure of Dihydrochelerythrine

Alkaloid TIII

The mass spectrum of this alkaloid showed a m/e
3k7'corresponding to a molecular formula of CAgHANO”.
The IR spectra showed a carbonyl absorption at I6B9 cm *
characteristic of a six membered aromatic lactarn. The
N.M.R. spectra run in trifluroacetic acid indicated two
methylene-dioxy groups, an N-CH” end 6 aromatic protons.
On the basis of these properties Alkaloid III was
determined to be oxysanguinarine (Figs. 1j, 15, 16).

To further substantiate this, a sample of oxy-
sanguinarine was prepared from sanguinnrine nitrate
(Spath et al. 1937). The thin-layer chromatography
comparison and superimposable IR spectra indicated that

the compounds were the same.
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CHE

Fig. 14. Structure of Oxysanguinarine

Alkaloid IV

Previous workers have identified sanguarine, a
bright red alkaloid in the salt form, from Bocconia
frutescens (Tani and Takao 1967). An authentic sample
of sanguinarine (courtesy of the Cancer Chemotherapy
National Service Center) was compared on thin-layer
chromatography to the isolated alkaloid and gave the same
Rf as Alkaloid IV. Thin-layer chromatography of Alkaloid
IV, the authentic sample and a mixture of the two showed
the same Rf values in three different solvent systems
used previously (I, II, III). A mixed melting point,
N.M.R. and IR comparison and a molecular weight determi-
nation demonstrated that Alkaloid IV was indeed san-

guinarine (Figs. 17, 18).
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- Alkaloid V

‘The mass spectrum of Alka101d v showed a m/e 363
corresponding to a molecular formula of 021H17N05 The
IR Spectra showed carbonyl absorptlon a 1649 cm -1 charac~
terlstlc of & 8ix membered aromatlc lactam, The N.M.R.
spectrarln phloroform indicated the presencevof two
mbthoxy groups; a methylene-dioxy, a,N;CH3 and 6 aromatic
prétons; VBy'compariSOn to other isolated alkaloids of
this gfoup and the foregoing'informatibn,rit'was deterf
mined that this alkaloid was oXychelerythrinéf(Figsa
19, 20). |

. To’ further substsntlate thls 1dent1flcatlon, a
éample of oxychelerythrlne was prepared from chelery-
thrine chloride in a similar way to the preparation of
Aoiysanguinarineo Thin«iayer chromatographyrproved con-

clusively that it was oxychelerythrine.

| Alkaloid VI, VIII and IX

. Based on'repo;ts in the literature (Manske 19&3);
-‘authentic samples of chelerythrine (courtesonf Cancer
ChemotherapyINational Service Center), profopine (Pierce
Chemical Co.), allocryptopine (Pierce Chemical Co.),

were obtained for comparison with the isolated alkaloids,
These samples were compared on thin--layer‘chromatography°
The results indicated that Alkaloid VI was chelerythrine

(Figs, 21, 22, 23)° Alkaloid VIII was protopine
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Fig. 23. Infrared Spectrum of Chelerythrine

(Figs. 24, 25), and Alkaloid IX was allocryptopine (Figs.
26, 27). Each of these three alkaloids were spotted
separately with the authentic sample and a mixture of the
authentic sample and the isolated alkaloid. They were run
in three different solvent systems (I, II, III), and each
showed identical Rf values. Mixed melting points for
these three alkaloids with the authentic samples showed

no depression. Comparison of N.M.R. and IR spectra were
identical and the mass spectra gave the appropriate

molecular weights.

Alkaloid VII
The mass spectrum of this alkaloid gave an m/e

379 corresponding to C2272145* The mass spectrum gave
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Fig. 2®. Structure of protopine
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a fragmentation pattern similar to the other 11-dihydro
derivatives. The N.M.R. integrated for 3-methoxy groups,
a methylene-dioxy substituent, one aliphatic
proton and six protons in the aromatic region. This indi
cated the compound was an eleven methoxy substituted
chelerythrine (Figs. 28, 29, 30). Recent work (MacLean

et al. 1969) substantiates these conclusions.

Fig. 28, Structure of 1l1-Methoxychelerythrine

Methoxychelerythrine was converted to ethoxychel-
erythrine (Fig. 31) by dissolution in hot ethanol and
recrystallization from absolute ethanol (melting point
238-2142~C). This compares with the literature value of
239-21720C (Scheuer et al. 1962). The N.M.R. showed the
loss of the third methoxy group, but a doublet and triplet
corresponding to an ethyl substitution was evident

(Fig. 32).
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A conversion of the ethoxy derivative to an
N-propoxy derivative (Fig. 33) was carried out in a
similar manner using N-propanol. The melting point of
this compound was 155-156>°C. The N.M.R. showed the
corresponding protons, triplet, quartet, doublet for the
N-propyl derivative (Fig. 3k-) e

An isopropyl derivative was attempted, but it

xdid not form. The inability to prepare this derivative

could be explained by steric hindrance.

Fig. 33* Structure of 11-N-Propoxychelcrythrine
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CHAPTER U
EXPERIMENTAL - Lo

"This‘séction'deals with'theitypes of instrumenta-
tion’uéed'in the identifidatidn of théiisolatéd a_lkaloids°
Also inciuded is a descriptidﬁ-qf the materials involvéd.'
in the separation and qﬁalitative determinétion of the

alkaloids,

Thln»Layer Chromatograpby

o Thin- layer plates were prepared w1th silica gel .
G mada\by Merck and dlstrlbuted by'Brlnkman'Ingtruments,
Inc., Westbury, New York, All plates were prepared with
an éutoﬁatic plate makef so that the dried thickness-ﬁas 

.25.1m and were activated at 110%¢ before use.

Alumina iII for Column Chromatography

Alumlna IIT was prepared from alumina I obtained
from Flsher Scientific Co. by adding 6% water by welght

and shaking in automatic shaker for six hours,

" Dragendorff's Reagent
It was prepared by mixing equal volumes of‘af
~solution containing .85 g of basic bismuth nitrate and
10 g of acetic acid in LO ml of_water with a solution of

8 g of potassium iodide in 20 ml of water. One milliliter
43



il
-of -this mixture is mixed with 2 ml of acetic acid and
10 ml of water. This final solution is sprayed on the

‘developed dry plates (Stahl 1969).

Meyer's Reagent

It was prepared by dissolving 1.358 g of mercuric.
chloride in 60 ml of water andfpouringit into a solution
of 5 g of potassium iodide in 10 ml of waiero A suffi-
cient smount of water was then added to make 100 ml, One
or fwo drops of reagent are suf;icient to produce & posi-
tive fest in one milliliter of'test solution (Weast,

Selly, and Hodgman 1966),

Inffared.Spectrometry

All inffared spectra were.performed on a Perkin
Elmer Infracord mocdel 137B,> The spectra were obtained:
using potassium.brémide pellets (5 mg of subStance to 50
mg of potasSium bromide ahd:pressed,into e micro pellet

using 10,000 PSI pressure).

Nuclear'Magﬁetic Resonance

All spectra were performed by the Department of .
Chemistry, University of Afizona, using a Varian HA;lOC
or gn A6O instrumeht° Deutero chloroﬂorm or trifluro;l
acetic acid were used as solvents and tetrameﬁhylsilane
as the standard., The concentration of the solutions used

was ten percent,
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Mass Spectrometry

A1l mas spectra were ~performed by the Department
of:Chemlstry, Unlver31ty”of-Arlzona, on a RMU6E Hitachi-~

Perkin Elmer spectrometer,

Meltlng P01nt Determ1natlons

Helting pointq were taken of a Kofler hot stage
apparatus made by Arthur H. Thomas Coo, Ph;ladelphlag

Pennsylvania, and are uncorrected.

Ultraviolet Spectrometry

Ultraviolet spectral comﬁarisons.were'performed

on a Beckman DB-G spectrophotometer.,



~ CHAPTER 5

'SUMMARY AND CONCLUSIONS

The active anti-tumor fraction of Bocconia arbores

and Bocconis frutescens was found to contain a number of

~

alkaloids. Nine of the alkaloids were isolated, identi-
fied and tested for anti;tumor activity. Protopine
(3.5 x lOO meg/ml) and sanguinarine (6.8 x 19“1 mcg/ml)v
showed activity against 9KB tissue culture, Chelerythrine
sﬁowed in vive activity in the S5WM system (16% T/C at
10 mg/ke).

of the nine alkaloids thatbt were isolated and

identified from each spscies, five were not previously

reported from Bocconia frutescens, and two were not previ-

ously reported from Bocconia arborea. These unreported

alkaloids are dihydrochelerythrine, dihydroéanguinarine,
oxysanguinarine, oxychelerythrine'and ll-methoxychelery-

thrine from Bocconia frutescens, and dihydrochelerythrine

from Bocconia arborea, In addition, a new derivative of

dihydrochelerythrine was synthesized and identified as

1l-N-propoxychelerythrine.

L6
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