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MORPHINE METABOLiSM.IN PAPAVER SOMNIFERUM

Robert John Miller AT L .
- -fLaynbnsarBerke1ey Laboratory . '
‘University of California
Berkeley, California

~ June 1972

ABSTRACT

Until recently, horphine (I) was consideréd to bg'a hetabq]ic
end—produét of the opium'poppy,'E;;sbmniferum;.‘WE_weré intéfésied.}
in subsﬁantiating other published results which suggested that mor-
phine is indeed degraded by the plant, as well asvlearning'something
" about the nature bf ﬁhe degradation.products andiihe pathway leading
to them. By feeding Jabeled mokphine to poppy‘p1antS'gjg_the'root$,
we have demonstfated that morphine is métadefzed. These experiménts
suggested that normorphine (II) is an active,mgtabolite of morphine.
A probedure was developed to isolate and anaiyZe'forvnormorphihe _ |
found in poppy plants. When plants of various éges were éxtbécied,
significant amounts of normorphine were found throughodt the Tife
- cycle pf“the poppy; normorphine has also been found iﬁ two diffekent o
samples of raw opium. The hypothesis that morphine is being degraded |
via normdrphine was tested by two methods, labeTed morphine feedings,
and 'Iabeled,CO2 steady-state expo§ufes; The re$u1ts of these experi-
‘ments'fndicated that_the major,>if'not the sb]é; morphine degradative

pathway involves an initia]{demefhy]étion to normorphiné, which is
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subsequently degraded to non-alkaloidal metabb1ites. -The ‘high rates
of turnover observed Ted to the conclusion that the morphine alka-
:loids-db play an active metabolic role, most likely as specific
methy]ating‘agents.

_* The question of the existence of bound forms of alkaloids in
the seeds of P. somniferum has also been raiséd. }Ne were interested
in determining whether our seeds contain any forms.of a1ka1ofds which
can be released by acid hydro]ysis, or if ény free alkaloids are in
the seedé. At the same time, our interest in morphine metabo)ism _
led us to.a search of the poppy plant itself for bound alkaloids,
since fhese could play a role in mefabo]ism. Bdth seeds and pTant
material were extracted for their free alkaloids, then subjected to
~ vigorous acid hydrolysis. The seeds did show traces of both free |
and 50uhd alkaloids, one of the latter possibly béing codeine. The
plants were found to contain alkaloids which a}é released by acid
treatment. However, no bound morphine or codeine were detected.

The problem of dfstinguishing between bound a]ka]oids»and aberrant
products produced by the hydrolytic conditions is discussed.

The recent demonstration that neopinone is present in the
poppy p]ant suggests that there may exist a pakéi]e] biosynthetic
pathway to the morphine series, to produce neopine, neomorphine,
and nornedmorphine.'_lt was desired to obtain authentic samples of
each of fhese three alkaloids, as comparisbn standards to determine
their presence or absence in the plant. When neopine~HBr (which
was available) is treated with 15% HBr in acetic acid, 6-acetyl-

neomorphine is the product,‘whereas treatment:with 48% aqueous HBr
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leads d1fett1y to neomorphine.f Nedmorphine is a}so‘obtained by
basic hydrolysis of the 6?acétafe.. Conversion.of eithertheohor-'
phine-ok the mono-acetate to the diacetate, followed by treatment N
with_diethylazodicarboxylate, and subsequent hydrolysis, affords - o
a good yié]d of the new compoun&, norneomorphfne. Initial seérches:

of plant extracts for the neo-alkaloids have been inconclusive.
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MORPHINE METABOLISM AND NORMORPHINE




1. _INTRODUCTION

Ever since the isolation of morphine from opium by Sertlirner in
1805,] chemists have been interested in learning more about the class

of natural products called alkaloids. Most of this interest has

been directed toward the isolation and identifioation of new alka-

‘lotds, investigations concerning their biosynthesis, and‘the"ig_vitro

synthe51s of some of the more important a]ka]o1ds However,'one :
major area of the study of alkaloids has rece1ved little 1nvest1gat1ve :
atteniion' the role that a]ka]oidS'play in the plants wh1ch produce
them. Indeed many d1fferent theories have been proposed regarding
alkaleid function, 1ncluding 2,3 (a) inert end products of metabo]ism,
(b) protection from insects or other predators, (c) involvement in |
nitrogen metabolism; (d) links to general plant metabolism as methy]
carriers; (e) and involvement as factors in the oontpol of biochemical
processes. Several fairly recent studies have presented specific evi-
dence for alkaloid turnover and active metabo1ism'of morphine ih the

opium'poppy,‘l'6 nicotine in Nicotiana Rustica (tobacco),7 and the

a]ka}oidsvof the hemlock;8 This type of evidenCe‘strong1y suggests

that the metabolism of alkaloids is somehow involved with other plent

" metabolic processes.

The case of the opium poppy.,Papaver Somniferum, is a typ1cal

one. The biosynthetic pathway 1ead1ng from re]at1ve1y s1mp1e meta-

bo]ites to morphine (I) has been’ extens1ve1y studied, and is fairly
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9,10 More receht]y, Fairbairn and Wassel have found

well established.
marked variations in alkaloid content over periods as short as one

5 In addition, feeding experiments using radioactive

or two hours.
morphihe have shown that the morphine molecule is degraded to other
pTant'metabo]ites, as yet unidentifiod.® It wasvfelt that further
work é]ong'this line might give some insight into the metabolism and
function of morphine.

The approach we have chosen has really been two-fold. First of

14

all, by feeding " "C-morphine to the poppy plants, we have obtained

further evidence for the active metabolism of morphine, as well as
Opﬁainingﬁsome informatfon concerning the nature of the métabolﬁc
pnoduﬁts.' Secondly, preliminary results from some_of the feedings,
along Wfth a logical extension df the biosynthetié sequence leading
to morphine, led to the suspicion that morphine could be degraded via
an initial N-demethylation to normorphine (II).. With this in mind,
various studies have been done to establish the existence of normor-
phine as é native product of the poppy. Once nérmorphine was found,

]4Qfmorphine feedings and 14

COZ biosyntheses were performed to
establiéh the biosynthetic relationship betweén morphine and nor-
‘morphine. The results which have been obtained seem to support an
active role for normorphine in the metabo1ic bkeakdown of morphine.
How these results were obtained, and the implications they have re-
gardihg morphine metabolism and function, are the subject of the first

section of this thesis.
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I1. MORPHINE METABOLISM AND NORMORPHINE

A. Historical

'The éarliest evidence that suggestéd thaf‘mbhphine‘(l) is not.
a metaboiic end-product came in 1961, when Pfeifer and Heydenreich
publishéd-studies they had made on the absolute quantities of the
morphine.alkaloids as a function of the time of day.4. Their results,
though'questionable with regard to sampling, seem to indicate a marked
daily varfation in the alkaloidal content. Prior to that study,
Rapoport and co-workers had suggested that both fhebaine (III) and
codeine (IV) are active in somebway in the plant's metabo]ism.]1
Their results from several ]4C02 expesures indicate that the rate of
synthesis‘of both these morphine precursors rEQQires that they are
heces#arily metabolically active, since the cohcéntration of neither‘
of thém_increases to any extent. More recently, Fairbairn and Wassel
have used radioactive tracer techniques to measure the changes in
morphiné;alka]oid cohtent,s‘ They fed tyrosine[2§]4C],to the biants f
by a]]owjng it to pass through a scraped portion of the pedicel imme-
' diately below the capsule. They then scraped small samples of latex
from the capsules and tested the aika]oidal cohtent and activity; .
Despite the very low incorporatioh of the 1abe1éd tyresine, their

results do indicate a turnover in the alkaloid content from day to

day.
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Fairbairn and E1-Masry have also fed 14Cambrphine to plants

6 They then examined

through thé pedicel, just below the capsu1é.
the plants for radioacti?ity after certain time périods. They noted
(1) a fairly rapid translocation of the radioactivity from the fed
area tb 6ﬁhér parts of the plants, and (2) that some of'the-radio-
activity was apparently in ﬁon-alka1oida1 metabelites, indlicating a
breakddwn of the morphine molecule. _

Evidence for alkaloid turnover has also been presented for the

nicotineérelated alkaloids. Tso and Jeffrey have fed nicotine doubly

- labeled with V4 and']5N to Nicotiana Rustica via the roots.7 A sig-

nificant amount of recovered éctivity was found in a11'forms‘of‘p1ant
metabolites, indicating an active role for nicotine in the plant
metabolism. Other workers have obtained similar results with the

Nicotiana'a1ka]oids.

CIIL | | IV

- Thebaine , . Codeine

Although normorphine has never been found_in'the pqppy plant or
in raw opium, nor as a metabo1ite of morphine'in,the plant, there is

some precedence in nature fdr_Suspectjng Tt. Numerous animal studies
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have.been performed, the resu]ts'of‘which‘indicate significant N-
demethyTating activity after administratioh of morphine to the

‘animal in question. In one case, normorphine itself was recovered

(&4%).in the 48 hr urine from rats injected with SH-morphine. 2

Other WOrkers have observed significant 14

»rats,14 15

CO2 expired from m‘ice,]3

and man'> after administration of'morphiné-N-‘%CH3.(éxpired

activity ranging from 1-10%).

B. Methods Used

In the study of alkaloid biosynthesis, certain kinds of experi-
ments have:tradition511y been used to establish specific biosynthetic
sequehcés. For example, if one wishes to show that alkaloid A pro-
ceeds to alkaloid C via an intermediate a]ké]qid’B, three kinds of
“experiments are helpful (and necessary, as will be pointed out). The
first, and most obvious, is to demonstrate by isolation that alkaloid
B does, in fact, exist in the plant as a naturai'product. Secondly,
precuréor feedings can be used to establish thé-fact that the plant
is Capab]e'of producing B and C from A, as well as C from B. Pre-
cursor'feedings are most commonly done using iSotopic tracers, such
as ]4C'and.]5N,‘which provide a suitable analytical handle for such -
biosynthetic studies. The major drawback of precursor feedings is
that the plant is necessarily subjected to ah-uhnatural situation
when the precursor in question is fed. Therefore, a third type of
exparimeht can be used which, for aT1 practical burposes, duplicates
exact1y'the natural conditions, namely, ]4002-ekp6$ures. If a plant

is exposed to 14CO2 for a short time, the alkaloids in question will



become labeled invthe same order in which they are synthesized by
the plant. Their re]atiVe specific‘activities then ref1e6£ the
natural biosynthetic pathway. Labeled carbon dioxide exposures are
also the easiest way to obtain labeled natufa1 products.for feedings f
or other'studies. | - _v
A1l three of these approaches were used in the work to be des-
crtbed‘herein, In particular, the stu&y of the‘métabo1ism of morphine
was first attacked by feeding radioaciive morphine to the plants, and
then effecting a crude separation of the plant products into several
fractiohs}by suitable Tiquid-Tiquid extractions. The sole method of
feeding used was root feeding. There are many. different feéding
tecﬁniQueé-which have been used for such‘work;,howéver, it was feTt
that rooi feedings caused-the least physical damage to the p]ént.
Most_othervmethods»invo1ve,some physical means for introducing the
precufsof,‘such as injection, wick feeding, or appiying the compound.
in so]utiqn to a leaf surface. In our case, the plants are routinely
grown hydboponically. By supplying the labeled precursor dissolved
in nutfieht solution to the plant, we feel that.natural conditions
are maintained as close as possible. Ohe drawback to root feedings
is the cﬁance of premature degfadation caused by microorganisms on
the roots or instabi]ity to the nutrient solutiOh, which could 1ead
to incorpbration‘of undesired compounds. It is neéessary, therefore,
to check the integrity of the activity which is not incorporated by
the plant, - to make certain that no aberrant degradation is occurring.
Two different types of labeled carbon dioxide exposures are used
in-this‘work, as suggested pfevious]y.’ ffvthe_pQrbOSe is only to

obta1n 1abe1ed alkaloids for subsequent‘hse, there need be no concern
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-about.ﬁaintgining'specific conditions. However, if the purpose is
to study'a'bioéynthetic pathway by‘detefminingliabe1ing seduances,
it is-ﬁecessary that the exposure pe "steady-state“. Parker has
deScribed the requirements of a steady-state exposure in detail, as
well ﬁs’the equipment used for this purpose.]s' ft will be sufficient
for odf purposes to mentien that the major requirément is that the

specific activity of the 4

€0, must not decrease during the exposure.
The latter type of exposure was used here to establish fhe biosyn-
thetig_re]ationship of normorphine and morphiﬁe. . The non-steady-state
exﬁos&fe'was used to prepare labeled morphine, which was subsequént]y"
egﬁiq%éd in the feeding experiments,:and as one means of‘establiéhing
'the'eifstence of normorphine as a native p]ant;prbduct. The latter
method'proves to be an extremely useful tool for looking for sué—

‘ pédtea plant substituents which are present in tface amounts. Thus,
by adding cold carrier hormorphine, for example, and purifying the
iso]ated normorphine to constant specific activity, the presence of

activity is substantial proof of normorphine's existence.

C. Morphine Feedings, Sets 1 and 2

1. PfeparatiOn of MC;Mc)rphine

A'MCO2 biosynthesis was performed for the purpose of obtaining

]4C-morphine to be used for the feedings. Four poppy plants,
average age of 3-3/4 months; werevtrahsplanted_frbm vermiculite to
nutrient solution, andvexpoﬁed to av14002 atmosphere (50 mC) for 1
day, followed by normal air for,thfee hore days. -The morphine iso-

lated from the plants was purifiedvby preparative thin layer
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chromatbgraphy, to give 10 mg 6f morphine with é specific activify
of 1.15 x 10® dpm/mg. | |

Since there was thé possibility that active methylating agents
could cause transmethylations'to oceur fn the‘plant independent of
the specific atkaloid biosynthesis,11 it was decided that morphine
‘labeled only in the ring, or nuclear, carbons should be used for the
feedingvexperiments. ﬁe were mainly intérested in the fate of the
basic'morbhine skeleton, and not the peripherai'méthyllgroups. The
morphine‘Which one obtains from a ]4C02 exposufe is obviously labeled
in all carbons, including the N-CH;. It was necessary, therefore,'to |
fémove:the labelled methyl group and repiace it with an unlabeled one.
The sequence of reactions used for this purpoée has-been workgd out
in detail for small quantities of morphine;]7 it is outlined in
Scheme I. The morphine ig converted via heroin (V) to normorphine
with BrCN (Von Braun \r-e.'gction),]8 and the’normdrphine N-methylated
via N-carbethoxynormorphine and subsequent reduction with 1lithium
a]umin@m hydride to giVe back morphine.19‘ After an appropriate di-
lution, fhe biesynthetic morphine was subjected to this demethy]atioh-
remethylation, to give 11 mg of nUcIear-]4C-morph1ne, with a specific
activity of 270,000 dpm/mg. This represented a 25% loss of label due
to the N-methy] carbon, which compared favorabTy with results obtained

in previous ]4C02 expos.ulr'es.]6

2. _Plant Extraction and Alkaloid Isolation

The main purposeSaéf;the1in1tialffeeddﬂgggxper&ments were to: (1)
establish that morphine is being degraded; (2) obtain ‘information-re-

parding. the .nature of thesmetabo]ites;‘énd‘;(S) iearhuwhat we could
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Demethylation - Remethylation of Morphine

AcO
NCH, N-CN
AcO
Heroin _ ‘ N-cyano-norheroin
lﬁC], A
AeLiA1H4/THF 91002Et
‘ CHCT4
NCH3
N-carbethoxynormorphine Normorphine-HC1

XBL 725-4637

- Scheme 1
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regarding the rate.of morphine metabolism. Sihcé wg began with no
prior‘knOWIedgefof exactly what to.1ook for, it was felt that any
initiai‘séarches fdr metabo]ites should be Timited to a relatively
small number of fractions; each,re;resehting a rather broad, but
somewhat characteristic, range of compound classes. It was of major
1hterest,‘of course, to isolate the alkaloid fkaqtion to determine
whether or not any of them are invb]ved invthe hreakdown of morphine.
The standard a}ka]did isolation pro;édure being used by previous
workers heré was adopted as a starting point fok these Studies, with

20 This extraction scheme involves

several ‘minor modifications.
several consecutive liqUid-liquid separations; which proVide‘either
five or six fairly characteristic fractions. The procedure is sum-
marized in Scheme II. In addition fo the two alkaloid fractions ob-
tained, IIIA and IIIB, onerbtains four other fréctions, whose
chemical constituénts can roughly be assigned on the basis of
éeparations performed. Thus, Fraction Ia shou1d contain main]y
Water-soTub]e acidic and neutral materials, Fracfion IB water- and

' .organic-ihsolubleé, Fraction‘II pigments, 1ipid$; and high molecular
weighf acids, and Fraction IV any incompletely extracted alkaloids

or residual acids and neutrals. In practice, the procedure was often
simp11fied by extracting all the.alka]oids into one fraction, by
skipping the pH 12 extract.

Thaefficiency ofvthis procedure fof recovery}of morphine was
tested by. extracting a khown'aliqdot»of 14C*morphine with some cold
plant material. About 80-85% of the labeled morphine ends up in the
alkaloid fraction, while the rést is‘dfsfributéd fairly equally be-

tween Fractions IA and IV,'énd represents incompletely extracted
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Standard Plant Extraction Scheme _

Fresh, frozen p]ant'materialr

1) Homogenize in 30 m1 of 10% Na,C0,

2) Extract with 100 m1 + 4 x 75 m]
of butanol-benzene (1:1)

Agueous
Centrifuge
Agqueous Solids
(1A)  (1B)

Qrslnis

4 x 50 ml HgPOy (pH 2, 1 M)

Organic Aqueous

(11) [1)>pH 12 with KoH
2) 5 x 100 ml CHCl4

[ |
Organic Aqueous
(ITIA)

1) »pH 8.6 with C0,

Nonphenolic Alkaloids

2) 5 x 80 m1'cnc13

S
%f??g%g.' Aguious
' (1v)

Phenolic Alkaloids

XBL 725-4633

Scheme I1I
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morphine. The same situation holds true for all the other major

alkaloids encountered in'the‘pbppy.zo'

The same does not hold for
normdrphiné,'hpwever., This fact was discovered shbsequent:to these
initial feeding experiments. If normorphine is subjected to a con-
trol extfaction using this procédure, it will be distributed approxi-
mately equally to Fractions I and IV. More will be said concerning
;the extracfabi]ity-of normorphine 1n-a.1ater section. However, |
this fact can be kept in mind when the feeding results are presented

and discussed.

3. Morphine Feedings, Set I

An‘initial series of T4C-morphine feedings was conducted using |
“several. different m&sses of.morphine in the feéétng solution. It

was desfréd to iearh if the mass of morphine taken7ug*by the plants
had any effect on thevdistributioh of degraded actfvity. It is con-
ceivablézto suspect. that fairly large deses of}Mdrphine (relative to
the existing plant pool) could lead to abnormally high local cohcen-
rrations,VWhich in turn could activate normally inactive degradative
énzymé systems. On the other hand, one is limited on the Jow side.
by increased 1naccurac1es due to lower activity.

Nith these thoughts in mind, three sets of two piants each were
fed}0.22, 2.2, and 21 mg, respectively. The feeding technique em-
ployed has been refer?ed to as_fétarvation feedingf,,fn that the

'precuréor (labeled morphine, in thisICase) 1s dis§o1ved in a minimal
'amount of nutr1ent so]ut1on, and ma1nta1ned that way for the first
20-30 minutes of the feed1ng ThlS,IS to enhanqe.thg possibility of

efficient adsorptlon and 1ncorporatfon by the roots of the poppies.



The,pTants used for these_feedings were‘60-63 daysfold. At the end
of-24fhours, the roots of the plants wefe rinsed Wfth 1% H3P04,
de]owgd by disti]]ed water, to remove any morphihé which had merely
been.adso}bed, but not incorporated. These washings, in additfon
to any residual nutrient solution reMaining'in the feeding flasks,
were counted fo détermine their activities. By then subtracting this
Unincorpdkéted activity from the fed activity,vOne 1ndirectTy deter-
mines the amount of activity actually incorporgtgdf

'Fo]1owing the root wash, the plants Were'ki11éd by immefsing in
liquid N2, and then subjected to the extraction procedure ohtlined
in Scheme II. In this case, the alkaloids were extracted together.
The résdlts of these feedings are summarized in TébTe I. Problems
were ehcountered in trying to count the solid phase of the plant
mash; so>on1y the aqueous portion has been’included here. It can be
said with certa1n confidence, however, that a Sighificant portion of
the acti&ity not accounted for in each_case resides {n the solids.
It sthTd also be noted tﬁat Runs 1 and 3 weke:done separately from
Run 2, and, though the plants were of the same age.'they were apparently
not in the same conditioﬁ. This'fact is ref]ééted'by the re]ative in-
~effictencies of incorporation of Runs 1 and 3.

Despite the analytical weaknesses méntioned above, certain tenta-
iive cbnclusiong can be drawn from these results. Of major import,
of cdurse;vis the fact that the morphine is indeed being degraded,
and to a significant extent in a singIe déy. Secondly, even accepting
the poSition that a portiqn'of_the-activity in Fractions I and IV is

due to normorphine, the results sfi]] suggest that_degradation has



% OF FED .
|
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]4C~NUCLEAR LABELLED MORPHINE FEEDINGS: SET 1
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Table I

_DISTRIBUTION OF ACTIVITY.AS‘A FUNCTION OF MASS FED

(METABOLIC TIME = 24 HOURS)
RUN #
FRACTION 1 2 3
AMOUNT FED |
e 0.22 2.2 o2
1. ROOT WASH 8% L 13%
| 39%
2. NUTRIENT 54%  67%
3. INCORPORATED 38% 61% 20%
A. MASS (mg) - 0.084 1.3 4.2
IA.PLANT MASH - N
AQUEOUS ONLY - 48% 21% 20%
I1.BuOH/Bz 5% 43 14
111 ALKALOIDS 14 33% 19%
IV. AQUEOUS |
. RQUEQUS 13% 54 16%
TOTAL I-TV 80 3%

56%
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proceeded quite far, to give mainly water-soluble and insoluble meta-
bolites. And finally, a comparisonvof.the three‘feedings‘seems to
1nd1cate”that there is in féct some difference.bétween large and
small doses. It appears as if metabolic breakdown has proceeded
further in one of the two extreme cases, although one cannot say
from this‘data which one, since this would depend on the nature of
the unaccountable active degradation pfodﬁcts; Due to.this difference,
it was concluded that future feedings be done uéing the small doses,
since this more clearly represents the natural condition; The amount
of morphine incorporated in Run 1 corresponds to‘approximétely‘1% of
the total morphine pool in 60-day plants. v

Some further studies were done on the aqueous portion of the
plant mash isolated from Run 2. First of all, it was extracted with
CHC13fovef a broad range of acid Snd base strehgths (pH 2-10.5). Only
traces of activity'were thus extracted (<1% for each pH tested).
Second]y; a separation was-made on the basis ofvthe jonic characfer
in acidié and basic solutions, by running the material first through
a-cation_ekchange column, and then running the basic materials through
an anionxexchange column. By this sequence of operations, it was
found that about 70% of the water-soluble morphihe degradation producfs
were acidic or neutral in character, 21% were'amphoteric, and only 9%
basic.v These results further suppoft the conclusion that morphine is

extensively degraded in the course of 24 hours.

4. Morphine Feedings, Set 2

A'second set of labeled morphine.feedings was performed with the

intentfon of studying the effect of féeding time on the distribution
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of activity. Six sets of 60-day old p]ants (2 per set) were fed
identical amounts of ]4C-morphine, and then a]ibwed.to metabolize it
for different lengths of time ranging from 3 to 24 hours. Each set
of p]ants, at the end of its metabolic peridd, wa§vharvested and
ana]yzed in the normal manner to determine the distribution of the
fed activity. Table II gives the results for the'determination of
incorporated activity. The fed morbhine represents a zotél of 0.42 mg,
or 0.21 mg per plant. As expectéd, the amount of activity actually
taken‘up by. the plants showed an increase with time. The inconsistently
high value>observed for 9 hours could be due to-a higher rate of

nutrient uptake by that set of plants, as indicated by the fact that

“practically no nutrient solution remained in the flasks at the time

of harvest (thus, the low figure for nutrient activity). The figures
for 20 and 24 hours are relatively consistent with previous feeding
experiments of 1-day duration.

Table II also presents the distribution 6f.activity in the various
fractions of the plant extracts. ‘Several tehtative conclusions can be.
drawn from these resu]fs. The amount of‘degradation of morphine after
three hours of feeding is already fairly extensive, on the order of
50%. Ih fact, it definitely appears as if there is an initial burst
of degradative activity, followed by a slower, more constant degra-
dation, so that after 24 hours, approximately 75% of the morphine has
been metabolized. This result cou]d be a reflection of an initial
rapid degradation caused by the presencevin thé_roots of an abnormally
high cohéentration ofbmorphine. Then,‘once ah equilibrium concen-
tratfon_is restored, the normal metabolic rate is also restored.

Without knowing the identity of any of the metabolites, it is:rather
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Tab1e Il

14C-NUCLEAR LABELLED MORPHINE FEEDINGS: SET 2

DISTRIBUTION OF ACTIVITY AS A FUNCTiON OF TIME FED

0.21 mg 'C-MORPHINE PER PLANT (55,400 dpm)

|

TIME (hr) ;. 3
1o 3 9 | 12 | 20 | 24
FRACTION - |
1. ROOT WASH 44 21% | 26% 7% | 32
2. NUTRIENT 23 | -—- | 23% | 153 | 62
-|3. INCORPORATED | 33% | 79% | 51% | 683 | 623
|- T.PLANT MaASH 7% | 7% | 108 | 18% | 152
| 11.BuOH/Bz. 3 1% | 8% 1 | ---
. [[LIALKALOIDS 37% | ex.| 24% | 22¢ | 15%
~11v. AQUEOUS 7% | 26% | 243 | 31z | 3% |
| RESIDUE -
TOTALI-Iv | 74% | 60% | 763 | 72% | 61%

I
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difficuit to predict whether the.initialidegradation is an unnatural,
induced.one,Aor if it is still beihg degraded by the normaiﬁprocess.
The only real trend which one sees in these'resuits is a general shift
in activity from the Aikaloid Fraction III to the'Aqueouszesidue (IV).
The amount of activity in water-so]ubie and inso]ubie materials (which
are here combined as “Plant Mash") appears to remain relatively con-
stant, ‘suggesting that the initial burst of degradation may indeed
be an artifact caused by the feeding technique This thought was
ikept in mind in subsequent morphine feedings, when the ohject was to
search specificaiiy for normorphine as a metabolite. In particuiar.
in an attempt to avoid high initial concentrations, :one feeding was
vfdone with a dilute 'solution of morphine in nutrient. This method had |

21 Further dis-

'been used with success in work with tobacco plants
‘cussion on this prob]em wil] be included when those feeding results
are presented.

The susptajon that normorphine was invo]ved in the metabolism .
of morphine was given further impetus by the resu]ts of this second
set of feedings. The decision was therefore made to concentrate on
| this'particuiar prob]em. The remainder of this part of the thesis

Cwill discuss the work done concerning normorphine After those
resu]ts are presented and discussed their imp]ications in terms of

' general morphine metabolism and the resuits presented up to this

point will be discussed. further
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D. ']4002 Biosynthesis - Search for Normorphine

1. Methods Used

In 1fght of the preliminary findings in regard to the presence
of nbrmorbhine in the poppy plant, a decision was made to run a
]4C02 biosynthesis wi th the express purpose of isolating radioactive
normorphine, by adding cold carrier normorphine to the plant workup.
Cold carrier morphine would also be added, in hqpés of deducing the
relative quantities of these two alkaloids in the plant. Prior to
doing this experiment, an efficient means of extracting'nbrmorphine
from aqueous solutions was discovered. By shaking the solution con-
taining normorphine at pH 8.6 with six portions of CHC13/isopropy1
alcohol (3:1), one can effect an 80% recovery. Since morphine is
quantitatively recovered using this solvent, the decision was to re-
place CHC]3 with CHC13/IPA in the plant extraction procedure (for the
pheno]ic alkaloids, only).

'The‘method of purification and analysis chosen for this run was
to purify the normorphine first by preparativé tlc, to remove all
traces of hérphine, and then convert it to‘codeiné.methyJ ether (VI)
with diﬁethy]su]faté (Séheme III).23 The latter would then be purified
to constant specific activity by preparative thin-layer chromatography
and sublimation. The morphine'would be demethylated to normorphine,

so that one would be comparing only the ring carbons.

2.  Results

Since the object of this bjosynthesis was to get as much activity

as possible into the normorphine (if it's there) to make the detection
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easier, two approaches were possible, based ohfprevious biosyntheses.

One was .to feed a moderate amount of 14C02;~ihitia1]y, and let the

plantsvmetabolize for a longer time (4 déys) Wfth ]ZCOZ; or a—1argé

]4C02 could be used, so there wou]d”be enough to have a

amount‘of
hot atmosphere thkoughouf the entire (shorter) biosynthesis. The
]attefvapproach was chosen for several reasons;vone, it is easier to
keep_thé,plants héa]thierffor a shorter time (2 ﬂ}ys; in this case);
and, secondly, this approach would be expected to give fairly com-
parable specific activities in the morphine and_normprphine, if the
conversion is relatively facile, that is. Therefore, 2 days was

14c0, was fed to the 10 plants, aged 75-90 days,

chosen; and 120 mC of
over a period of nearly 30 hours. A small amount of ]ZCOZ was needed
at that time to restore the CO2 concentration to 0.04%, as it was

allowed to drop to 0.02% in order to incorporate as much 14

C02 as
possib]é; The plants were worked up nearly as usual at the end of
48 hours, with the exception being that the phehdlic alkaloids were
extracfed-at pH 8.6 with CHC13/IPA (3:1), rather than CHCT 5. .100 mg
each of morphine and normorphine were added as carrier to the ground
‘plant material before the extraction. The crude phenolic alkaloid
product wés'immediate]y separated into its components by preparative
tlc.'}Thé_tlc, as expected, showed mainly normorphine (Rf 0.10) and
morphiné (Rf 0.30) with a few other very faint spots. The morphine
and nofmorphine were well separated, and each was scraped from the
plates. To assure that the elution from the silica gel was efficient,

it was stirred with MeOH, twice, for 15 minutés, before filtering

through a Millipore filter. The mass of the eluted alkaloids was
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determihed by vpc. This indicated recovéries,of ]3% and .36% overall
for nbrmorphine and horphine,'respective]y. |

‘Since the step we were depending upon for establishing the
presence of normorphine Was the conversion to codeine methyl ether,
we had to be absolutely certain that there were no impurities in the
nonnorbhine that could also be converted to CME. This included
morphine;and codeine, both bf which give CME by the procedure used
here. Codeine was safely eliminated, since it was extracted at pH
12.0 with the non-phenolics, and also since it'ha§ an RF even higher
than that of morphine. Morphine was more of a problem. The only
adequate analytical method available at the time for detecting traces
of mdrphine in normorphine was a liquid-liquid chromatographic system.
A good separation was obtained, ysing a one-foot column of silica gel,
and eluting with CHC13/MeOH/Et,N (2:1:0.1%). Morphiné had a retention
time of about 1 minute, while normbrphine's was néar]y five; However,
the normorphine peak was very broad, making it difficult to quantify.
Due to other problems, the lower limit of morphine detection was not
too good, being on the order of 2 ug. Anyway, an aliquot of the ]46-'
normorphine from above was run through this column, corresponding to
about IOOVug normorphine. No morphine peak wés obserQed; however,
theré was ahother very strongly uv absorbing band at about 30 sconds.
A crude collection of the two peaks wés made, and each was counted;
this:indicated that 65% of the activity was in thé compound with
short retention time, while oh]y 35% was in the normorphine peak.
However, this was of no gréat concern, as long as this material did

not give CME upon methylation (which would seem quité unlikely).
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The important fact estab]ished was that there Was less than 2% mor-
phine in this crude ]4C-n6rmorphine.' |
With this in mind, a preparative thin-layer was run on 10 mg of

cold normorphine intentfonally contaminated with 0.4 mg (4%) ]4C—
morphine (480,000 dpm). Three bands were cuf_from the plate after
development and eluted as before with MeOH: normorphine, the band
between mormorphine and morphine, and morphine itself. The latter
was visualized by running a morphine standard'é]ohg the edge of the

plate. Table III contains the counting results of this tlc. Vpc-

Table III

Band Activity (dpm) _ BE
Normorphine ’ 12,300 . ' 2.4
(Norm-Mor) - 122,000 - 24
Morphine 381,000 | 74
Total: 515,000 o 100

inaicated a recovéﬁy-of only 2.5 mg of_ndrmorphihe.. This was chroma-
tographed once more, with the results shown in Table IV. Only about

1mg of the normorphine.was recovered. This result seems rather

‘Tah}é IV
Band ' Activity (dpm) _ %
Normorphine a00 100
(NM-M) 0 | 0

Morphine 0 B V 0
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curious at first glance, and one would seem to be led to the con-
clusion that it is 1mposs1b]e to eliminate all the morph1ne from
normorph1ne. Homever,_a more likely exp]anatjon is that there was a
]4C-normorphine contaminotion’in the j4c;morbhine being used,.since
the latter was obtained from the former in the demethy]ation—
remethylation of biosynthetic 14C-morphine. Soethe conclusion from
this study was that one preparative tlc was enough to completely
e]iminate a 4% morphine impurity from normorphine. Therefore, one
more tlc was done on the crude ]4C-normorphine from the biosynthesis.
_The conversion of the normorphine to CME wes carried-out in a

~ manner similar to that used by Blaschke on 50~100 mg of'normorph.ine.24
A large excess of dimethylsulfate was used to assure complete con-
| version to CME-methosu]fate, the ratio df'MeZSO4.to normorphine being
on the order of 100:1. A total of 580,000 dpm (65% of starting
act1vity) was eluted from the 1on exchange co1umn as the methoch]orxde
salt of CME. This was then pyro]y;ed to give CME. Two overlapping
mspotsﬁwere ooserved on the tic of this product- CME at Rf 0.41, and a
: second compound at Rf 0.39, 1n1t1a11y presumed to be codeine. Since
codeine and CME co- chromoﬁoguabh on vpc, and g1ve essent1a11y the

same mass responses, one could deduce from vpc that there was about
| 2.8 mg of CME (plus codeine). How€Ver, there was a second peak in
the vpc, Jwith a retent1on time of 4:00 minutes, compared to 5:05 for
CME. Therefore, it was dec1ded to try and pur1fy the CME by prepara-
tive tlc, An analyt1ca1 thin-layer chromatograph,showed CME (Rf 2.41)
”'end codefne (0.28) well separoted, and_e]so gave the first indication

that the 1mpur1ty was not code1ne ‘The CME band was e]ufed_with MeOH,
v’as were a band jmmediately preceding CME (Rf:0;35),,and a third band



-26- _
at Rf375._These were each cbunted, and analyzed by vpc, with the
~ results shown in Table V. It is'qUite obvious that the Pre-CME com-
pound'frOm the prep. tlc is the 4:00 peak on Qpc, and, therefore, is

- Table V |
o - o Spec.Act.
Band ~ Activity . VPC: Ret. time (pk. ht) Mass (mg) (dpm/mg)
CME 55,400 5:05 (8.5), 4:00 (1.5) 2.5 21,000
Pre-CME 4,500 5:05 (0.2), 4:00 (1.0)  ---  (15,000)
R 0.75 43,900 No peaks [

not codeine. The ffgure-for Specificjactivity.of the Pre-CME compound
was caiculated assuming a similar mass response éé»CME. The fact that
the two specific activities are fairly close would lead to the conclu-
sion that Pre-CME is also derived from normorph1ne
Further~1nformat1on on this aspect of the purification was ob-

tained when the 14 14c.

C-normorphine derived from the biosynthetic
morphine.was converted to CME. This CME showed nearly the same
behavior on tlc and vpc as that bbtéfned from. the biosynthetic normor-
phine. Thus, it showed two major spots on tlc, with Rf's of 0.41 (CME)
and 0.35, as we]]‘asgtwb minor ;bots, Rf's of 0.02 and 0.45. The GME
recovered from a single preparative t1¢ gave twovpeaks on vpc, at 4
minutes and 5 minutes (CME),_fn the ratio of 1 to 12 respectively.

The band with R 0.35 was also eluted, and it showed a UV spectrum
with'A::QH 279, 302, and 313 nm; the major peak on vpc was thevone at

4 mihufes. One product'We might.éxpéét from this1reaction is a methine

(as in the Hoffman degradation). Indeed, «-codeimethine (VII)25 has a
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.. EtOH. . - .. _ '
UV spectrum W1th‘xmax 275 mm, ¢ = 10,7005 315 nm, € = 2,700. The
methylation reaction would yie]d the methyl ether of a—codéiméthine,
which should have a similar UV. It was decided, therefore, that UV

mass determination was not the best choice in this case.

VII

a-Codeimethine

After extensive purification of both the hormofphine and morbhine
from the biosynthesis ;- .therpurifiedicodeine .. s
methy]l ether from each was sublimed, and a portion was accurately
weighed, and counted by directly dissolving it in scintillation
. so]utioh; The final results thus obtained.are summarized in Table VI:.
Déspite thé concerns with imburities, these data definitely imply that
normorphine does exist in the poppy p]anf._ If one makes the assump-.
tion that the specific activities of morphine'and'normorphine from
the biosynthesis are the same (which proves to be‘fairly accurate
sdbsequenfly), then the fact that equal quantfties of each was added
as carrier}shou]d'mean.that their final relative specific activitieé
reflect their relative native‘abundahces. Thfs wou]d say, thefeféfe,

that the normorphine/morphine mass ratio is on the order of 1-2%.
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Table VI -
T8¢o, - BIOSYNTHESIS

Compound _ , Specific Activity (dpm/mmole)

1. o, fed (120 mC total) 120 x 10°
II. Morphine -
A. Total ; 105 x 108
B. Nuclear-label (as CME) _ 96 x 108
III. Normorphine (as CME) | 1.12 x 10°
Iv. Ratib: Morphine/Normorphine 86/

E. Normorphine Isolation, Purification and Analysis

The preliminary search for normorphine from the 14CO2 biosynthesis

pointed_odt numerous flaws in the overall procedure, the major ones

being the low recovery of normorphine using E;E_standard alkaloid ex--
trabtfon procedure, purification of the 1so]aiéd normorphine, and
lack of a sensitive analytical mean&}for-detecting normorphine. Al]l
of thése factors become extremely 1imiting when one is searching fok
'small amounts of a natural producﬁ. How these'pkdblems were overcome

is the subject of this section.

1. Normorphine Isplation
As mentioned previously, the problem of extracting normorphine

from agueous solution had been solved by switching to CHC14/1PA (3:1)

as the extracting solvent. However, it was obvious from the low
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]4C02 biosynthesis that at least one

recovery qf normorphine in the
other sfep in the plant extraction was inefficient for normorphine.
To cheék for the inefficient step(s), a knéwn amount of labeled nor-
morphine was added to some ground plant material. The plant was

then ground almost as usual, after adding 21 mT of 10% Na2c03 and
100 m1 of BuOH/benzene (1:1). One différéhce was that the grinding
was déné_for a longer time (15 minutes for first and second grinds,
and 5 minutes for third). Another difference wa$ that only three
butanol/benzene extracts were made, and each waé'kept and counted
separate]y, to give some idea of the effectivengss of each grinding.
TheAcodntings were made by dissolving known a]iquofs in aqueous scin-
tillation solution (125 m1 Biosolv. BBS-3, 50 m1 of Fluor Concentrate
II, and 825 ml of toluene). This aliquot was one ml for all the

» butanol-benzene extracts and the aqueous pagtion of the plant mash,

and 100 ﬁ1 for the initial 14C—normorphine in 10% Na2C03. The results

of this experiment appear in Table VII..

Table VIL
~Sample ' 'touﬁt (dpm) - * Percent of Total
1. 14 Normorphine added
tl:o'blender’ 6,200 100
BB Extract I (100 ml1) 2,400 39
BB Extract II (100 ml) 60 2
BB Extract III (75m) 110 2
Aquéoué Residue (after o

S B Y R N
. . . .

‘removal of solids) 3,000 48
6. Total Recovered | | 6,140 99
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Two conclusions can be dréwn‘frOm these results concerning this
first step of the extractibh‘procedure. First;'nbrmorphine is
definiié]y‘being left behind in the'équeous mash to a large extent,
much greatér than one would like. And secondly, one appeérs to
abproach a limit as far as removing more of the normorphine. In hand
with this, it is apparent that the traditional grihding with five
portidﬁs'of butano]—behzene is unnécessary, that two, and at most
three, éuch extracts are enough. " If one assumed'that the normorphine
was remaining intact through the process, then such a limit as one
observes here would seem highly unlikely. Thuﬁ, a likely exp]anation_
of thﬁs'prob]em could be that the normorphine is being'destroyed or
converted in some manner as to render it more water-soluble. One -
other possibility might be that the pH conditions of the aqueous mash
are not suitable for efficient normorphfne extraction, or that these
cohdifions change as a result of the extraction process. A second
experiment was performed with this question in mind, taking the
1ogica1'approach that if the pH is maintained by using a buffer, this
variabie can be overcome.

26 prepared from

The buffer chosen was Clark and Lubst borate,’
two €tock solutions, one being 0.1 M boric acid in 0.1 M KC1, the other
0.1 M NaOH. This buffer was chdsen since it is_reporfed to be highTy
effeqtive over the pH range of 8 to 9, which is precisely the range |
desired here. A single poppy p]ant,‘about 90 days old, was extracted
as before with butano]-benzene; but the 10% Na2C03 was replaced with
50 ml of borate solution buffered at pH_8.6; to which had been added

10.6 mg of cold normorphine. Two BB‘extractiohs were done, each for

10 minutes. A check on the pH of the filtered aqueous residue showed
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it to be 8.55. In order to analyze for normorphine, it was necessary
to exiract the butanol-benzene phases with H3P04 (1 M, pH 2.5), adjust
the pH of fhe latter to 8.6; and re-extract with four portions of
CHC13/IPA (3:1). From previous checks, the latter process, frdm BB
to CHC13/IPA, yields about 50% recovery of nbrmorphine. Therefore,
the amounts of normorphine found in fhe CHC15/1PA extracts have to be
doubled for comparisonvwith the previous radioactive experiment.

The results are summarized in Table VIII. Analysis was done by vpc,

Table VIII

mg Normorphine Percent of Original

1. Initial normorphine 10.6.. 100
2. Extract I -

- CHC]3/IPA ' 1.45 : (14)

- BB (by extrapolation) 2.9 \%Z
3. Extract II r

- CHC13/IPA ' 0.55 . (5). ..

- BB (by extrapolation) 1.1 “10
4. Aqdeous (by subtraction;

1-(2+3)) — 83

by comparing with a standard curve of normorphihe quantity versus de-
tector response. These results can be seen to he very similar to the
radioactive, unbuffered.case, especially if we include a factor for
the 33% shorter grinding‘periods in the buffered experiment.
Obviously pH control is net the detefmining factor for increasing

extraction efficiency.
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It becomes apparent frbm.fhese'additiona]-cOntfols that the
first step of the extractton process is_the cu1prit.. The original
“thought was that a change of organic solvent might be called for.
Anothér approach; however, is to change the pH of the aqueous portion
of the eitract, and make it acidic. The aTkaIdids will be extracted
from the‘plant into'the aqueous acid, in which théy'are extremely
soluble. At the same time, butanol-benzene can be retained in_the
grinding procedure, as a means of removing any neutral and acidic.
plant products, including the plant pigments. The aqueous acid,
after separation from the plant residue by centrifugatibn, can then
be adjuétéd to the proper pH, for extractioﬁ intovorganic solution,
from which the alkaloid extract can be directly dha]yzed, either free,
or after acetylation. This procedure essentially eliminates the for-
merly troublesome stép, and should (and does: see below) give a much
higher recovery of normorphine. Of course, this procedure is ndt
generally app]icab]é as an alkaloid extraction, siﬁcg thebaine, and
possibjy other alkaloids, undergo degradation in the presence of

27 However, since all we are interested in now is the

strong acfd.
identification of normorphine as a native plant constituent, this’
- procedure is adequate. |

An initial study was performed to test the feasibility of the
proposed extraction procedure. A.single poppy plant, about 60 days
old, fo'which had been added 19.4 mg of cold normorphine, was ex-
tracted with 1 N HCT, ih the presence of butanol-benzene. The

procedure used was otherwise similar to that used formerly, in terms

of grihding and removing BB supernatant. Two portions of BB were
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used, but only a single portion of acid. Centkifugatioh effected a
separafion of the aqueous acid from the plant mash. Exfraction at

pH 8.6 with CHC13/IPA (3:1) then gave the a1ka1oids, which were

dried, and analyzed by vpc.> Comparison of the extracted normorphine
with normorphine standards indicated the recovery of 9.8 mg (50%) of
norporphihe by the extraction scheme. Another 0.5 mg was recovered
fram the BB extract, implying that some was again left behind in the
plant mash. However, if one assumes the extraction from aqueous to
CHCT,/1IPA (3:1) to be 75% effective, then, by interpolation, one can
conclude that the initial extract from plant to acid is also about

75% effective. It seems 1ikely that extraction of the residual plant
mash with a second portion of squeous acid may bfing the latter figure
to 90%, and, hence 60-70% recovery overall.

A final, complete extraction of a plant, with added carrier nor-
morphine, was performed, to test the recovery of normorphine. A
'single 204gram plant was used; and 10 mg of cold nermorphine added
to tﬁe ground plant before work-up. The work-up included two separate
portidns of 1 N HC1 for the three-phase grinding process. Calculation
of the recovery of normorphine was done by comparison of vpc peak
heights of known amounts of normokphine. This indicated a recovery
of 7.3 mg, or 73%, which is the best recovery of normorphine ever
obtained in such a control experiment. This compares with a 50%

- recovery obtained using just a single portion of HC1‘in the grinding.
Since the final extraction step from’aqueous solution to CHC13/IPA
(3:1) has been shown to be only 75% effective, it appears as if the
initial extraction frem plant mash into aqueous.acid is 100% effective

with the two portions of acid used.
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2. Purification and Aha]xsis

The approach used for the biosyhthesis to purify énd analyze the
normbrphjne is acceptable if one haS a re]atively large quahtity of |
it. 'However, if only several hundred micrograms is isolated, losses
must be minimized, and a sensitive analytical method employed. In
faét, if the analysis can be made in the presence.of other alkaloids,
then purification is not as major a problem. Hope for such an approach
came with the discovery of a gas chromatographfc system which sepa-
rated morphine and normorphine. The column was 6 feef of 3% OV-17
(silicone, 50% methyl, 50% phenyl) on geropak (100-120 mesh), packed
in a g1a§s column. The use of the all glass system has been found to
enhance the sensitivity and reduce the tai1ing bf the morphine alka-

101‘ds.]5

At a temperature of 250°C, morphine has a retention time
of 5:10, and normorphine 6:00. The desire was to analyze for small
amounts of normorphine in morphine. In practice,'however, the Timits
of normorphine resolution combined with the morbhine tailing made
quantitation difficult.

Anders and Mannering have repérted usihg the peracetates of the
morphine alkaloids for gaé chromatographiﬁ ana1y§i§.28 They obtained
their information by direct on-column acetylation, by co-injecting

acetic anhydride. This was tried with a morphine-normorphine mix,

 and gave a series of peaks, not unexpectedly. This was diﬁéarded in

favor of a complete acetylation, using the conditions by which morphine

is totally converted to diacetylmorphine (heroin).
To test this approach, 100 mg of normorphine was treated with one

ml of refluxing acetic anhydride. The reaction was followed by tlc.
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After only one-half hour of reflux, two distinct products were ob- .
served, at Rffs of 70 and 75 (compared to 5 for}normorphine), and

the broducts were already present to the extent of 70-80%. After

two hours, the two product §pots had coalesced, mainly due to a larger
quantity of the higher Rf spét. There was still a small spot for
normorphine (~v5%). The ref]uxihg was continued.for 18 hours, fol-
lowing the published recipe; in retrospéct, thfs long time period is
not necessary -- six hours is probahly enough. After 18 hours, only

a single spot existed on tlc, at Rf 75. Vpc analysis was done on

the product after work-up (see Tabie IX). The peak at long retention
time was the only one in the product. NMR of the produci clearly

indicated that it was the tris-acetate.

Table IX
Compound "~ Vpc Retention Time
Normorphine 5:40
‘Acetylated normorphine 32:20
Heroin : 8:30

A mfxtdre of morphine and normorphine was then acetylated in the.
same manner. Tlc of the reaction mixture just prior to the onset of
reflux showed the normorphine completely acety]atgd, and the morphine
‘was gone after a total of six hours of reflux. The normorphine ester
had an Re of 70, and heroin an R of 63 (the latter was compared with
a-standard sample of héroin). Vpc ana]ysié of the product is sum-

marized in Table X. The peak at 5:45 in the product is apparently
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Table X
~ Compound Vpc Retention Time
Normofphine estér - 32:00
Héroin - 8:20
Morphine + normorphine B |
acetylation product 32:00, 8:20, 5:45

due to unreacted morphine, or possibly mono-acetylated morphine. The
same peak was observed, in smaller relative amount, in the supposedly
pure samb]e of heroin, and was also seen on t1¢, as a spot just
trailing heroin. The Rf is higher than expected for morphine, so it
is most likely a mono-acetylated morphine. :

The gc separation thus achieved by acety]atidn is remarkable.
But several other benefits were gained at the same time. The resolution
of the nbrmorphine was significantly enhanced, the lower Timit of.
detection decreasing from about 200 nanograms to 50 nanograms. The.
peracetates were also found to be éasi]y separable by thin-layer
chromatography, which provided a good means of purification. And,
fina]1y, the normorphinefAt3 was stable to t]c'conditions, and to gc |
conditions below 235°C, both of which help eliminate the brob]em of
losses encountered with free normorphiné bése.

To find the best tlc'system for separating the two peracetates
in question, several systems were triéd. Table XI 1ists.the results
of this testing. The choice was made to use abSo]ute EtOH/¢H (1:4)
for the initial separatfoh of the acefy]ated mixture of crude plant

alkaloids,/when the desire was to purify the pErécetates for
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Table XI |
Tlc of Morphine and Normorphine Peracetates
 Re's
Plate Characteristics Solvent System Morphine- . Normorphine-
| | Ay A
1. Si]jca gel, Eas;man, abs. EtOH/benaene
100 u thick, | (1:4) 45 |68
w/fluor. ind. |
2. " CHC13/MeOH/NH3.(3:1:tr) 65. 72
3. " abs. EtQH/¢H (1:9) 32 43
4, " abs. EtOH/¢H (1:2) 42 61
5. R 95% EtOH/¢H (1:4) 42 58
6. Homemade silica
gel, 250 y abs. EtOH/¢H (1:4) 27 53

subsequent specific activity analysis (as for 14‘Cfmorphine feedings and

]4C02 exposures. )

3. Control Experiments

The results concerning the presence of normorphine, to be presented
shortly, depend heavily on proof that normorphine is not just an arti- |
fact of the work-up procedure or the analysis. To provide this proof,
it is necessary to show eXperiménta]]y that no normorphine is.produced
from morphine by any step in the plant work-up, dr in the subsequent
analytical manipulations. It is also of interest to know that normor-

phine is not being produced from some other unknawn or unsuspected
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nativevplant product; however, I can gonceive of no experiment at
this point that could answer thét question. Thefefore, it is felt
that ff one shows that no normorphfne is produced from morphine by
the worksup procedure, control criteria will be.édé4uate1y met.

Before any checks were made on the extracfien procedhre, the
morbhine which would be used was tested for purity; vpc showed that
it did, indeed, contain at least two impurities, one which looked
suspiciously 1ike normorphine. When this bottled morphine was acety-
1ated,.there was found a significant amount of normorphineQAc3 (about
1.3%). Purification of this morphine by sublimation eliminated
practically all of this normorphine impurity (see Table XII), so
the re-sublimed morphine was used in the control experiments. It
should also be noted that the héroin which has beén used as standard
material also contains a significant amount of nbrmorphine-Ac3. This,
therefore, was not used furtﬁer as a standard for vpc analysis. To
prepare standards for the latter purpose, a known amount of normor-
phine was mixed with various quantities of morphine to give samples
with normorphine/morphine mass ratios of approximately 2.5 - 7.5%.
The ratios of the vpc peak areas ‘were then determined for each- -
sample, and a plot of peak area ratios versus mass ratios prepared
(Figure 1). |

Two different checks were run on the tota1'extraction procedure,
using 7 N HC1 as the aqueous phase. Control no. 6 was done with re-
sublimed morphine in the blender, but without plant material. Control
no. 7 was done with ]4Cvmorphine, with plant material. Both these

checks produced significant amounts of normorphihe (2 - 2.5%). Further
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Table XIT

Control Experiments

Procedure Tested 'NM/MRati

Pure morphine frem bottle.

Heroin from stock.

Acetylation of bottled morphine.
Sub]imed morphine, acetylated.

Morphine through HC1/BB extrac-

tion procedure, without plant.

]4C-morphine + plant + carrier
normorphine.

Total procedure without plant

or blender, + morphine.

Morphine + HC1 + BB + air, 70°C

for 15 minutes .

“Morphine + H,P0, (1 M, pH 2.5)

+ BB + air, 70°C, 30 minutes.

nRepeat 10, + hydroquinone, 70°C
.~ for 25 minutes.

Normorphine extracted via modi-

fied procedure, without

plant, with blender.

Morphine + blender, modified

procedure, temp. less than 40°C.

1-2%
1.3%
0.4%

2,54

2.2%

0.3%

0.8%

0.4%

1.8%

0.4%

Results

Lvpe) | Other
Trace, of
normerphine

82%..recovery:

50% recovery

100% recoveryl
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NORMORPHINE / MORPHINE RATIO
STANDARD CURVE

| 1 | 1 | 1

2.0 4.0 6.0 8.0
Peak Area Ratio (percent)

XBL725-4658

Figure 1
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control experiments (nos. 9-12) seemed to implicate the blending
process as the culprit, i.e. the combination ofvhéat, air; and 1. N
HC1. Thus; when no heat is applied (no. 9), there is no Significant
prdduction~of normorphine; likewise, when the aqueous phase was
changed to a buffered acid, no normorphfne Was pfoduced (no. 11).
Finally, when morphine was subjected to a comb]ete extraction, using
H3P04‘(1'M, pH 2.5) instead of 1 N HC1, and keeping the temperature
of the blend below 40?0 by putting the blender on fce.when necessary,
there was again no significant production of normorphine. This modi-
fication was subsequently used for the ]4C02 biosynthesis, as well as
for checks on the ontogeny studies. As seen in controls no. 14 and
no. 15, the relative recovery efficiencies for this modified proce-
dure now févor morphine by a factor of 2. This represents a signi—'
ficant loss of efficiency for normerphine, when compared to that
obtafned using HC1.

The studies of normorphine isolation and analysis, and the con-
trols, led to a definitive procedure for subsequent normorphine
studies. The modifications of the standard p]ént extraction proce-
dure include only a change to an acidic phosphate buffer for the
initial plant extraction, and direct acetylation of the crude alkaloid
residue for subsequent purification and analysis. The entife process
is outlined in Scheme IV. It should be emphasized again that this
procedure is not necessarily useful for genéra] plant studies. The
experience gained here from the control experiments is adequate

testimony to the care which must be taken in such biochemical studies.
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Modified Plant Extraction Scheme for Normorphine Studies

Fresh frozen plant material (40 g)

1) Homogenize with 75 ml H3PO4
(1 M, pH 2.5)

2) 2 x 125 m1 butanol/benzene (1:1)

Aqueous mash

Organic
Centrifuge

? x 50 ml H3PO4

So{ids

Repeat blending
and BB extraction

— : Organic

Organic Mash
Centrifuge
| Aqueous Acid _
3011ds 1) »pH 8.6 with Na,C0,
2) 6 x 150 ml CHC1/IPA (3:1)

1) Dried, evaporated |

2) Ac,0, A

3) Evaporated

v

Acetylated A]kaloids

XBL 725-4634

Scheme IV
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F. Presence of Normorphine in Poppies and Opium’

Since normorphine had never been reported as a native plant alka-
loid, it was of interest nof-on]y to establish that it did exist, but
also to determine its relative abundance as a function of plant age.
The hope of such a study was that it might give some clue to the bio-
synthetic relationship of morphine and nonnorph%ne, especially in
conjunction with the results from morphine feedings and ]4C02 exposures.

A series of plants of various ages was, therefore, extracted via
the modified alkaloid extraction procedure, and the ratio of normdf-
phine to morphine at each_age determined By vpc analysis of the
acetylated extracts. A certain number of these extractions were
performed using 1 N HC1 as the initial aqueous phase, before it was
discovered that thiS led to aberrant normorphine production. The
normorphine/morphine mass ratios found for these initial extracts
were corrected for this aberrant normorphine.  Subsequent checks
using'bgffered H3PO, "as the aqueous phase showed the corrections to
be vaiid within experimental error.

As mentioﬁed previously, to avoid any errors caused by irrepro-
ducible vpc analyses, the normorphine/morphine mass ratio was deter-
mined by a single sample injection,.by determining the relative area
ratios and comparing with standard mixtures. The mass of morphine
was determined at the same time. The results for the morphine concen-
tration as a function of p]antAagé appear in Figure 2, and the
normorphine/morphine mass ratios in Figure 3. The youngest plants
]ooked_at were 20 days old. At this age, the p]ants are on1y a few

centimeters tall, and still in the 1mmafure stage with respect to
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MORPHINE CONCENTRATION
AS A FUNCTION OF PLANT AGE

l | | L 1 l

40 80 120 160
Plant Age (days)

XBL 725-4660

- Figure 2
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2|~ NORMORPHINE / MORPHINE MASS RATIO
o AS A FUNCTION OF PLANT AGE
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Figure 3-
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morphine bfosynthesis; Codeine and thebaine are mucﬁ more ébundant
than morphine. Though there was very little of each, an approxi-
mation_cou]d be made that normorphiné was present fo the extent of
10% of the mass of morphine. A1l the other figufes are more signifi-
cant, especially with respect to one another. One problem with
studies of this type is the great variability of the plants. Two
plants of the same chronological age can vary Qreatly in exteht of
developmenf, size, etc. The plants studied here were all grdwn within
three months of each other, to try to avoid differences caused by
seasonal conditions. The major point, therefore, to be drawn from
these resﬁlts is the significant downward trend'of the normorphine/
morphine mass ratio with age. Although the ratio decreases, however,
the absolute concéntration is increasing slowly. What these results
might mean in terms of morphine and normorphine metabolism will be
discussed after presenting the,biosynthetié studies performed.

In addition to the plants, two samples of raw opium were avail-
able, so both of these were also searched for normorphine. A sample
of Turkish Opium showed a normorphine/morphine masé ratio of 3.1%,
with morphine comprising-12.5% of the weight of -the raw-opium. Indian
Opium, on the other hand, had less morphine (7.0%), but a significantly
higher normorphine/morphine mass ratio, 8.0%. The fact that these are
different is undoubtedly a reflection of the manner in which the opium
is harvested and treated. That the two samples wefe different was
obvious, since the Turkish Opium was of a dark, very hard glassy
appearance, while the Indian was granular in texture, and a light tan

in color. It may also be that different species. of P. somniferum
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have different levels of the various alkaloids. What is important
from the study of opium is that normorphine is apparently being
thrown away during the commercial iso]ation of morphine. These
results also explain why theré was a trace of normorphine in our

commercial morphine.

G. Morphine Feeding§; Sét‘35

With the knowledge in hand that normorphine'dpes exist in the
plant, two labeled morphine feedings were performed in an attempt to
show that morphine is, indeed, the direct precursor to normorphine.
The first one employed the diiute feeding technique, with aeration.2]
It was hoped that this method would give good incorporation, and be
somewhat é]oser to the natural greenhouse condftions under which the
plants were grown. Unfortunately, the morphine was subsequently
found to be somewhat unstable to the aerated conditions. Though
this jinstability appeared to be of no major concern regarding the

incorporation of activity into normorphine, nevertheless a second

feeding was done using the "starvation" technfque as a further check.

1. Mofphiné'Fééding Number 5

Three 72-day-o1d plants, each weighing abdut 25 grams, were fed
| | 14

a éo]ution containing about 10 mg of C-morphine_(3.14 x 107 dpm/mmole)
19 3OQ m]yof pobﬁy nutrient.. The incorporation'of activity was fol-
ioWed‘fdr the first 4.5 houré by counting an aliquot,}and estimating
the volume of remaining nUtrient.‘.Eqéugh nutfient was added periodi-
A'ca]1y'théreaftér tolmaintain the 1eve1_neér 300'm1. The plants were

killed after 22 hours, and the activity'remaiﬁfng'in the nutrient and
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in a root wash were deterhined to cé]cu]ate the total activity incor-
porated by the plants. This incorporation data jslsummarized in
Table XIiT. As has beén,common]y true in}the past, a good portion
(&50%) of the residual unincorporated éctivity‘is_removed by an acidic

wash from the plant roots.

Table XIII

Incorporation of ]4C-M6rphine-

Time (hrs) Total Count in Nutrient -~ As Percent of Fed

0 1,170,000 dpm o 100
1 640,000 | 55
2 | 720,000 " 6l
3 600,000 " 51
4.5 466,000 " - 40

2 406,000 B

Total 1%C ‘incorporated
(by subtraction): 764,000 dpm - 65%

-

Work-up of the plant material was dbne by fhe_aqueous acid-butanol-
benzeﬁe'procedure, after adding lg_mg_of cold carrier normorphine to
the plant material. The distribution of the incorporated activity
ihtb the four major fractions obtéined by the extraction procedure is
summarized in Table XIV. | .

To check whether the integrity of the morphine in the feeding

solution had been maintained, the residual nutrient and root wash were
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Table XIV
Distribution of Incorporated Activity

Fraction Total Activity As §ercent of Incorporated
..I. Plant Mash 358,000 dpm o 47
II. Butanol/benzene 32,000 " | 4
III. Residual aqueous 157,000 " ' '_v_ 20
IV. Crude alkaloids 229,000 " - 0
Total Recovered: 776,000 dpm 101%

combined and extracted at pH 8.6 with CHC13/IPA (3:1). This removed a
total of 108,000 dpm, or 69%, of the residual activity. The material
was purified once by tlc. The compound SO obtaihed gave a single beak
on Vpc, with a retention time of 5:53 (morphine hés a retention time
of 4:40). Assuming a mass response identical to that of morphine, the
specific activity of this compound was quite close to that of the mor-
phine origina]]y}fed. Subséquent treatment of it with refluxing A;zo
gave a pefacetate which co-chromatographed with_héroin. To check
whether tﬁis conversibn of morphine.wag caused by,ihermethod of feeding,
11.7 mg of morphine was dissolved. in 300 m1 of nutrient solution, to
which wés added portions of roots from several plants and an air
bubb]ér, as in the feeding experiment. After four hours, the solution
was extracted at pH 8.6 to recover the alka]oids}_ The dried alkaloid
residue gave two peaks on vp¢, at 4:40 (m¢rphiné) and 5:40 (same as

above). The latter peak was twice as large as the morphine peak.
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The morphine degradatfon'product-was separated'from the morphine by
preparative tlc; the Rf'ﬁ'weré 40 and 20, respectively. The chromato-
graphic data seems to indicate a mono-acylated:type of compound. The
mono-atetate which one sees first in the acety]ation of morphine to
heroin has-simi]ar chromatographic properties. In addition, nmr of
the degfadation product, though not definitive with regard to absolute
structure, shows the NQCH3 still intact. The fact that the bulk of
the unincorporated activity resides in this product séems to imply
that it is taken up by the plants very slowly (if at all) relative
to the morphine. This, along with the pre]imihany daté on structure,
makes ft highly unlikely that the degradation broduct will lead to
aberrant normorphine production in the p]ant..

‘The normorphine-Ac3 and morphine-Ac2 weré separated by prepara-
tive tlc, using EtOH/benzene (1:4) as developing solvent. Subsequent
vpc énaiysis of the eluted normorphine-Ac3 showed only one ather
peak, with a retention time of about 3 minutes. Therefore, a second
preparative tic was done, developing this time with CHC13/Me0H/NH3
(3:1:trace). Only a trace (<1%) of the 3-minute peak remained. This
material was uséd as is to determine the specific activity of nor-
morphine. The morphine-Acz obtained from the first preparative tlc
was -contaminated with codeine-Ac. Since the conversion of morphine

20 the specific activity of the morphine-Ac2

to codeine does not occur,
could be determined from this product, by assuming all the activity

is in the morbhine-Acz. These results are summarized in Table XV.
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Table XV
Feeding Number 5 Results
. ) v Total
_ _ Mass Specific Activity Activity
Sample (mg) (dpm/mmole) - (dpm)
I. Morphine incorporated 7.0 3.14 x 107 760,000
I1. Recovered alkaloids |
“A. Morphine 5.4 - 1.07 x 10 202,000
B. Normorphine (10 mg 7
carrier added) 4.75 0.097 x 10 17,100
C. Total - —- 219,100
III. Crude alkaloids (before -- - 229,000

purification)

2.  Morphine Feeding Number 6

Three plants, about 70 days old, were fed a total of 6.8 mg

nuc]e‘ar'-]4

C-morphine (751,000 dpm). The amount of nutrient was kept
to a minimm for the first six hours, at which point the roots were
rinsed in dilute acid. The plants were then allowed to metabolize
the 1ncbfporated morphine for an additibna]vls hours, or a total of
24 hours. The‘p1ahts were worked up as usual. The incorporation

and distribution results are summarized in Table XVI. The distri-
butive results are not much différent‘than from the aerated feeding,
except for a drbp in the activfty fn the aquéOUS residue. The incor-
poratipnicbmpares favorably with that which has ﬁean obéervéd for a

six-hour feeding in the past.
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Table XVI

Incorporation and Distributfbn'of Activity

' Activity v
Fraction ; (dpm) - As % of Fed
Fed morphine | 751,000 ) '.; 100
Nutrient and root washes 470,000. R 63
Incorporated 281,000 37
| As % of Incorporated

1. Plant mash 102,000 o 36
1. Bﬁtanol/benzene. o 11,500 | 4
III} Aqueous'feSidue : 24,400 | 9
IV. Crude alkaloid - 111,000 39
Total recbvered: 249,000 | 88

Béforelﬁhe crude alkaloids were acety]ated,»the mass recoveries
of morphine and normorphine were determined by vpc comparison with
standafdsj 0f a total -of 14.7 mg of carrier ﬁormorphine added to
the work-up, approximately 6.4 mg were recovered (43%); the morphine:
mass was 5.6 mg. This meant a normorphine/morphine mass ratio of 1:1.
Aftgr écety]ation, the mass ratio was 1.08, which, within éxperi-
mental error, indicates that no morphine is transfbrmed to normorphine
by the_acety]ation conditions, nor'1§ there any,otherjsignificant.

destruction of either of the two.
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Both the morphine and the normorphine (as their peracetates)

were purified by preparative tlc to constant specific activity.

The toté] results are summarized in Table XVII. The activity re-

covered as morphine and normorphine represents'only_77% of the
‘total activity recovered in the crude a]ka]oid‘fkaction. However,
the bulk of the remaining activity came at the origin of the first

preparative tlc, and is apparently non-alka]oidél-impurities;

Table XVII
Feeding Number 6 Results
' Total
_ Mass Specific.Activity - Activity

.Sample (mg) (dpm/mmole) (dpm)

I. Incorporated morphine 2.6 3.14 x 107 281,000
II. Recovered alkaloids. v |
A. Morphine . 5.6 3.9 x 10° 83,000
B. Normorphine 7.8 0.075 x 10° 2,000
III. TotaT‘plant alkaloids |

A. Morphine" 7.5 . 3.9 x 105 103,000
B. Normorphine n0.4 ~3-x 10° 4,000

IV, Metabolized morphine - ——. emen , 174,000

. ,
Based on 75% recovery of morphine

*k o

. Based on 50% recovery, and a 6% native normorphine/morphine

mass ratio
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A similar check, as_done for the first feeding, was madé on the
integrity of the residual unincorporatediactivity. Analysis of the
extract‘from the nutrieni'and root washe§ by vbc ahd tlc indicated
only morphine, and its specific activity was unthanged. A

Table XVIII presents a condensed summary of both feedings. The
total activity existing in the p1ants as morphihe was calculated by
assuming a 75% isolation recovery to the crude alkaloid stage. The
normorphine activity could be determined quite_éccukate]y by extra-
po]atioh back to the amount of carrier added (assuming the native
pool to be small, relative to the carrier). It should be noted
that the alkaloid activity in both feedings resides only in morphine
and nOfmorphine, within experimental error. This suggests that

Athe metabolic breakdown of morphine proceeds either So]e]y via
normorphine, or both via normorphine and directly from morphine.
The differences between the_two feedings 1in térms of normorphine
prdductidn,is no doubt a reflection of the difference in feeding
techniques. The starvation téchnique is the more severe, and may
cause significantly réduced or altered biosynthetic activity.
These-résu]ts, nonetheless, do support the hypothesis that..normor-
phine is formed from morphine, and is an active participant in the
m&tébo]ic degradation of morphine. Further reference to these
results will be made after presenting those obtained from a ]4C02

"steady-state" exposure.
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Table XVIII

].4C-NUCLEAR LABELLED MORPHINE FEEDINGS: SET 3

Feeding Number 5 ' v 6
Method of root feeding ~ Dilute solution, "Starvation"
with aeration
Feeding Time (hours) }24 6
Metabolic Time (hours) e 18
Fed: Activity (dpm) 1,170,000 . 751,000
Mass (mg) : 0 - - 6.8
Incorporated: Activity (dpm) 764,000 281,000
Percent 65 o 37
% of incorporated activity in:
Codeine 0 . | 0
Morphine 80 37
Normorphine 5 - | 1.5
Non-alkaloidal metabolites 2,50 40 |

% of metabolized activity in:

Normorphine 8 2.5
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H. C0.,-Biosynthesis No. 3

This-bjosynthesis was run for the sole purpose of establishing
vthe biosynthetic re]ationéhip of‘MOrphine_and nbrmOrphine. Four
plants were used, each of them 90 days old (two of them had already
déve]dped imméture éapsu]es) and weighing about 25 grams. Steady-
state éonditions were Maintained as closely as possible throughout
the 6-hour run. 'A small amount of ]2002 was added at the beginning<
of the run, along with the 14C02, to insure that the specific
activity would not decrease. The CO2 concentkatidn was set at 0.035%
at the start, and dropped only's1ight]y during the last half-hour of
the exposure. It was piénned to use a total of 120 mC of ]4C02;
however, about 50 mC was lost from thé pressurized ]4002‘qy1fnder
at the start of the expéfiment, leaving only abdut:70 ﬁC for the
exposure. Of this, about 20 mC was left in the chamber at the end
of six hours, meaning 50 mC (~100 m1) was taken up by the piants.
It shou]d also be notéd that the actual time of active metabo]ism
was more like three or four ﬁours. The plants were quite wilted at
the start of the exposure. It was noticed that the humidity was

around 10%, which is much drier than these plants are accustomed to.

| Beginnfhg:after one hour, therefore, a tray of water was placed in

the chamBer, and the'humidity_rbse to about 40% at the end of the
second h;ur; and finally to 50%, Where it was maintained. The plants
fespondedvfavorab1y to this change, and looked fair]y normal again
after,fwo hours. | | |

The_p]ants werevworkedvup.!ig_the modified acid/butanol/benzene

procedure,'with one slight change. Rather than_inc]dding the
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butanol/benzene during the grinding process, the piants were ground
. with oniy.the aqueous acid phase, centrifuged:to:remove the solids,
and the_équeous extracted by hand with several;poktiOns of butanol/
bénzehe. The end result is undoubtedly near]y the same, but the
number of manipulations is significantly decreaséd (an important
. factor when one has to extract in fhe hot box). The normal procedure
was- followed once the’adueous acid phase had been washed with
butanol/benzene. |

The specific activities of the isolated morphinevand codeine
were detérmined by collecting aliquots from sévéra1 gc injections of
the crude acetylated alkaloids, and theh detehﬁining the mass of the
particular alkaloid by re-injection, and the activity of the collected
materfa].' In addition, the total mass of each a1ka1oid in question
was determined by gc of the crude mixture. _Thevnormorphine presented
a slightly different‘problem in deterhining its'specific activity;
in particular, the small mass present, and the presence of several
hot impurfties chromatographing very close to normorphine—Ac3 in the
vpc. 'Therefore, the normorphinevAC3 was purified‘first by three
snparate preparative tlc's. Dhring this purifitation process, it
was discovered that one particular colored (pa]e.green) plant product
gavé a gc.peak which was only four minutes differént from that of
normorphine-Ac3 (32 min for the former and 36 min for the latter, at
- a qo]umh temperature of 240°C, which was the temberature used for
:collecting)., This compound was also found-to'be_extreme]y hot,
re]ative to the a]kaibids. However, the threé sebarate preparative

tlc's did remove most of this impurity, as well as others. The final
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| activity déterminatfon was then done by co]]ectihg_a known aliquot of
the nofmbfphine-Ac3 from the vpc. To assure thét onTy that activity
due to normorphine-Ac3 itself was being countéd, the collection was
done overvé 20-minute period (the normorphine-Ac3 peak in the middle)
at onefmihute intervals. Thus, a plot of activity collected for each
intervé] versus time showed clearly the actda] activity-as a peak
corresbonding to the mass peakvfor normorphine4Ac3.

The final piece of information desired was obtained by demethy-
lating a portion of the morphine, to determine the activity residing
in those carbon atoms common to both morphine and normorphine. The
standard Von Braun reaction was used for this purpose. The normor-
phine so obtained was purified by preparative tlc, to remove any traces
of norcodeine produced from codeine, of which»thére was some in the
mofphine;' The system used for this purpose wés silica gel layers,
developed with EtOH/dioxane/benzene/NH,0H (1:8:10:1).%% In this
system, normorphine has an Rf of 0.11, and norcodeine 0.24, while
morphine's is about 0.4.

Thevfesults of these analyses appear»in Table XIX. The relative
specific activities of the codeine and-morphine demonstrate satisfac-
torily that the exposure was indeed maintained under steady-state
conditions, since the codeine ¥s significantly hotter (even considering
the extra 3-0-CH3 group, which is typically on the order of 25% of the
total activity for this length of eXposuke). The results for the
nuclear carbons of the morphine -and the normorphiné do, within experi-
mental erkor, further support the hypothesisAihaf the normorphine

comes aBout as a result of a demethylation of morphine. The near
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Table XIX
]4C02 Steady-State Exposure

Spacific Activity Total Alkaloid

Compound - _(dpm/mmole) (mg/100 g fresh weight)
Codeine - 440 x 105 o

Morphine 38 x 10° 2

Morphine | | 6 __'
'(minuS'N-CH3) 26 x 10

Normorphihe 27 x 106 o nl

identity of the specific activities of each aléo Supports the proposed
hypothesis that the further metabolism of normorphine occurs af'1east
as fast éé'its formation from morphine. In addition, this identfty
1e§ds 6ne to conclude that'thé formation of normorphine potentially
plays é very active role in the metabolism of morphine; i.e., in a
period‘of‘only 4-6 hours, the normorphine and @orphine pools are in
equi]ibridm with respect to activity, which requires at least one com-
plete cycle in the degradative turnover of normorphine. Comparing
this result with those obtained from the feedfhg experiments leads one
strongly to the tentative conclusion that the_natdra] d@ﬁ?adation of
morphine via normorphine is, at ihé least, a major contributor and,
indeed, could be the sole major mechanism which the plant can use for

the further metabolism of morphine.
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I. Discussion

ATthdugh ft?fsnféi?iyﬁdfffiéu1t'to'méké.ﬂefinitivérconclusions
from the kinds of resu]fs presented here, neverthe1ess, certain
implications are apparent. As alfeady suggested, the results of the
‘morphinevfeeding eXperiments could bhe éxp]ained;&?most entirely by a
metabolic breakdoWn ng_normorphine, if the latter's turnover rate
is on the order of 2-4 hours (as suggested by'thei]4coz exposure) .

The initial burst of degradation seen in the eaf]y feedings can be |
postulated to occur as a result of high local cohcentrations of mor-
phine, implying that control mechanisms are at work to maintain an
equi]ibriﬁm concentration of the various alkaloids. This would
séem to imply that the level of morphine is a major controlling
factor'in the synfhesis of the morphine alkaloids.

One fact that is extremely interesting is that normorphine is
never thé most abundant alkaloid. It isvknown that the other major
a]ka]ofds, thebaine, codeine, and mdrph{he, alT'thke‘their turn at
being the most abundant alkaloid, the sequence reflecting the specific
biosynthetic pathway.20 That the normorphine Concentration fails to
show this same behavior with_age seems to imply that the rate of
turnover of morphine is fairly constant over the life cycle of the
plant. In particular, it means that the rate of'formatibn_df normof-
phine is nearly equal to the rate of breakdown. The relative increase
in normdrphine concentration with age might, then, merely reflect an
increase in degradative sites.

The rapid turnover seen here without a doubt implies that alkaloid

biosynthesis plays an active role in the biosynthetic functions of the
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plant. The inclusion of normorphine as the-finaﬂ step in the alkaloid
biosynfhésis completes the sequence of-demethy]affons from thebaine
(111). rThis fact lends support to the hybothésis'that the alkaloids
are involved as specific methy]ating agents, the felative stabilities
of the successive methyl groups affording the plant a specific control
of methylation processes. AN othervpassive ro]es, such as protection
from predators, or even simple biochemical control factors, cannot be
justifiéd:on the basis of our results, since they,wou]d not require
the high.turnover observed. |

A'récént study by Fairbairn and Djote on zsolated stem and cadele
latex, led to the conclusion that morphine metabolism is mainly asso-
ciated wifh stem latex.3a Although our results neither support nor
refute.this hypothesis, the indications here éke,that, prior to
flowerfng, there is total equilibration of bofh the morphine and
normorphine pools throughout the plant. This would require that
’active synthesis and degradation are occurring tn‘the#éntipe:plant; It
‘may be that f1owerihg, or maturation of the seeds, is the signal for
the pIant to shut offkalkaloid biosynthesis,‘ahd.the alkaloids in the
capsule latex may no longer be required for methylating activity. It

wou]d:indeed be of interest to do a 14

002 exposure with mature plants,
and see if, in fact, there is a difference between the stem and leaves,

~ and the capsule, with regard to morphine and normorphine equilibration.
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IIT. CONCLUSION

The QOrk presented in this part of the thesis.has,estab1ished
beyond a doubt that morphine is an active metabolite of'E;_somhiferum.
The présente of normorphine, and the results 6f morphine feedings and
]4C02 exposures, lead one to the conclusion thai'morphine is degraded
to other non-alkaloidal metabolites solely via normorphine. The rate
of this tUrnover is such that the normorphine pool is completely re-
cycled about six to ten times daily, while the morphine pool may under-
go complete turnover within a two-day period. This active metabo]ism,
as well aé the completion of the demethylation sequence from thebaine
to normorphine, lends substantive support to the hypothesis that the
morphine a?ka1oids function as specific«methylating agents, and as
such are'important to the plant's economy. |

Mofe information concerning the-effect of plant age on rate of
metabolism might be sought from further ]4C02 exposures. It aléo
remains to be shown that normorphine is not methylated by the plant
back to‘mdrphine. This irreversibility has been shown to be true for

the steps leading up to morphine.3]

Future work concerning morphine
and normorphine metabolism would be much more feasible if cell-free

extracts can be isolated which perform these vital functions.
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IV. EXPERIMENTAL

14CO;) Biosynthesis

Four pdppy plants (average‘age 3-3/4.months)‘Were transplanted
from vennicu]ite to nutrient solution 3 days pfior to the start of
. the hot run. On the morning of the hot run, the.plants were placed |
in silvered flasks (250 ml) containing nutrient soiufion and trans-
- ferred to the growth chamber of the hot box in ‘the Round House. The
growth chémber'had been purged of its natural COé_overnight, by |
passing the chamber's air through a fresh]y-charged'Ascarite chamber.
The CO2 level prior to charging the chamber waé appréximately 0.01%
(as compared to 0.04% normally). 14CO2 was passed into the gfowth
chamber until the level of €0, was restored to 0;04%. The ]4602 f]bw
rate Was adjusted to about 1.5 ml/min. After about four hours, it
‘was neceQSary to add ]2002 to maintain the total C02 level at 0.04%.
ThevleVel of radioactivity had dropped to about 10% of its maximum
value by the end of the day. For the next 3f1/é days, the lights in

the growth chamber and the 12

€0, flow were both shut off for a period
of 12 hours during the night, and turned on for the day cycle. The
plants were killed on the morning of the fourth day by freezing in
liduid nitrogen. |

EXtraction of the b]ants was done using the standard plant ex-
traction procedure. - Three separafé batches‘wérehkequired, due to the

amount of material. ‘A1l the alkaloids were extracted together ini-

tially, before removing anything from fhe‘hot box. This organic
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extract was dried over Na2504iand'evaporated in vacuo. The residue

was rédiSso]ved in 20 m1 of chloroform, and then washed with 3'X.20 m1
of KOH (pH 13). The combined aquedus;éxtract was brought to pH 8.6
with dry ice. It was extracted overnight with méthy]ene chloride to
give the phenolic alklaloids. The labeled horphihe was isolated from
this fraction by silica gel preparative thin-J&yer chromatography,
using CHC13/Me0H/NH3 (3:1:1%). The thus purified morphine was dis-
solved in a measured amount of chToro?orm’ for purposes of counting

(total counts were 11,500,000 dpm). The UV absorption of a methano)

solution of the residue at 288 nm, when compared to a standard, indi-

cated the presence of about 10 mg of morphine. As a test of purity,

a small amount of the residue dissolved in chloroform was spotted on

an aha1ytica1 tlc plate, along with authentié samples of morphine and
narcotine. Ascending ¢&welopment was performed.using chloroform/

methanol/1% NH, (3:1) as above.

B. Standard Plant Alkadoid Extraction Procedure

Up to'50 gm (wet weight) of plant material can be accomodated con-
veniently by this extraction procedure. The p1§nts are first cut into
liquid N2 and frozen. The frozen material is then ground briefly in
a Waring:blender. 100 m1 of butanol/benzene (1:1)'and 30 ml of 10%
Nay,C0; are then added, and the mixture ground for about 5 minutes.

The green organic supernatant is tfansferred to a 500 ml separatory
fUnne].‘ The plant mash is'then extracted in the‘same manner with five
additional 75 m1 portions of butanol/benzene, the last portion con-

taining 10 ml of 10% NazlO; as well. The combined organic phase is
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extracted with 4 x 50 ml of H3P0, (pH 2.5, 1 M).. This aqueous extract
is then brought to pH 12 with the addition of 8 M KOH, and extracted
with 5 x 100 m1 of CHCl;. The latter extract is dried over Na,S0y,

and evaporated to dryness in vacuo to give the non-phenolic alkaloids.

The a@qeous residue is brought to pH 8.5 with dry ice, and extracted

with 5 x 100 m1 of chloroform, to give the phenolic alkaloids.
A]ternétive]y. if separation of the phenolic and non-phenolic

a]ka]oids is not necessary or desired, the aquebus acid phase can be

brought directly to pH 8.5 with saturated Na,C0O; .and extracted with

5 x 100 ml of CHC13. This gives all the alkaloids in a single extract.

C. Morphfne Demethylation-Remethylation Sequence

1. Diacetylmorphine (Heroin)

About 50 mg of morphine is refluxed in 500_ﬁ1 of acetic anhydride
for 16 hours, in a N, atmosphere (bath temperature of 160°C). The ex-
cess volatiles are evaporated in vacuo to give an‘oily residue. This
residue is dissolved in 25 m] of benzene, wa§hed Qith 2 x 10 ml of
0.5 MlK2C03 and 2 x 10 m1 of H,0, dried over Na,S0,, and evaporated
to dryneés to give a semiérystalline residue. Aha]ytica] tlc shows
thisvresidUe'to be heroin. The heroin can be purified by recrystalli-
zation from ethyl acetate. For the purboses of the small-scale demethy-

lations, however, the heroin was used as is in the Von Braun reaction.

2.__Normorphine (via’Nfcyanonorheroin)"

The heroin (from above) is redissolved in 10 h1 of CHC1, (redis-

ti]]ed); and transferred to a dropping funne];_'This is added dropwise,

. over a period of 15 min, to a Stirred,'ice-co1d'$o]ﬁtion of 400 mg of
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BrCN 1n 5 ml of CHC13, under a. N2 atmosphere After finsing the funnel
with an additional 2 m1 of CHCl,, the react1on'f1a5k is fitted with a
refluxltondenSOr, stirred at 0°C for 30 min, at_rbom temperature for

30 min, and finally refluxed at 75°C for 2.5 hr. The solution is
| cooled and:evaporated in vacuo. The residue is twice redissolved in
5 m] of CHC1;, and evaporated to remove lingering volatiles. This
‘residue is redissolved in 20 ml CHC 4, and washed with 3 x 10 ml of
0.1 M HyPO,. Each acid wash is back-washed with 10 ml of CHCl;. The
combined organic phase is dried over Na2504 and evaporated. The
residue, N-cyanonorheroin, is dissolved in 1.5 mil of concentrated HC1
by heéfihg at 80°C for 5 min. Twelve ml of H20 is added, and the re-
su]tihg’mixture heated at 80°C for 1 hr, refluxed (118°C) for four
hours, cooled, and evaporated in vacuo to a slightly smaller volume.
The pH of this solution is adjdsted to 9.1 with 10% Na2003. It is then
extracted with 6 x 50 m1 of CHC13/Et0H (4:1). - The organic extract is
dried over Na,S0,, and evaporated to dryness. To obtain chromato-
graphica]1y pure normorphine, this latter residue is spotted on a
preparétive tlc plate (silica gel, 1000 microns thick), and developed
in CHC1;/MeOH/NH; (3:1:trace). The normorphine band (R. = 0.05) is
scraped off, and eluted from the silica with CHCT/MeOH (1:1). A
second preparative plate can be run, the latter assuring greater than

99% pdrity,

3. Normorphine to Morphine {via N-carbethoxynormorphine)

To the normorphine is added 5 ml of H20 and 0.5 g of NaQH, and the
resu]ting mixture stirred at 0°C until solution is comp]ete To this

is added 10 ml1 of CHC15, followed by 1.0 ml of‘C]COZEt, and the mixture
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stirred vigorously at O°C for 20 min. The aquedqs layer is separated,
and w&shed with 10 m1 of CHC1;. The combined organic phases are
washed with 2 x 10 ml of 0.7 M NaOH and 2 x 10 ml of 0.1 M HP0,.
Each aquépus wash is backwashed with 5 ml CHC13;"The total organic
phase is dried over Na,S0,, and evaporated in vacuo.

The carbethoxynormorphine residue is dissolved in 5 ml of dry
THF, and stirred at 0°C. MNine ml of LiAlH, in THF (0.25 mmoles/m1)
is added from a dropping funnel over a period of 5 min. The mixture
is stirred at 0°C for llhr, and refluxed for 2 hr (in N, atmosphere).
The solution is then cooled in ice, and 3 ml of 12 N HC1 in 10 mi H,0
added}(s]owly at first), followed by 3 g of sodium potassium tartrate
in 10 m1 of H20. The solution is filtered, and the precipitate washed
with Hy0. The pH of the solution is then adjusted to 8.5 with concen-
trated NH4OH, and extracted continuously with CH2012 for 24 hours.
The extract is dried over Na2504 and evaporated in vacuo. The morphine
thus obtained can be purified by preparative tlc on silica gel,
deveToping with CHC13/MeOH/NH; (3:1:trace). This effectively removes

any trace of unreacted normorphine.

D. ‘Morphine Feedings, Set 1

Six poppy plants were transplanted from Vermiculite to hydroponic
tanks three days before each feeding. On the day of the feeding, the
plants were removed from the hydroponic so1utf0n;'their rodts patted
with paper towels to remove the bulk of watek, and then placed in dry,
b]ackehed 50 ml1 flasks equipped with a glass tube for insertion of

feeding solution. To one set of two plants was fed a total of 0.22 mg
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:of*fadioactfve morphine, 2.1 mg to the second, and 21 mg to the thifd,
‘begihning at 12:30 PM. This was done by dissolving the mofphihe in

a minimal amount of 1% H3-PO4 (approximately 150 A), diluting to 2 ml . . E
with nutrient solution, and then giving 1 ml of solution to each plant.
Additional co]d.nutrient solution was given to the plants aécording

to the schedule in Table XX. At the end of the 24-hour metabolic
period, the plants were removed frqm the flasks, the roots rinsed
first in J%-H3PO4, followed by distilled water, and then cut up into
1iquid.N2 and frozen. The two washings were combined to comprise the
neutral residue. These two solutions were di]uted to a known volume,
and an aliquot of each counted in dioxane scintillation solution. The
counter used for this, and all subsequent radioactivity ana]ysés was

a Packard Model 3375 Tri-Carb Liquid Scintillation Spectrometer.

Table XX

Time Amount to Each v Description

0 - O 1m | Morphine solutions -_

5 min 1 ml Cold nutrient solution . :
20 min | 1 ml "
- 35 min 2 ml "

50 min 5 mil o

2 hours 5ml "

6 hours ' 10 ml "

20.5 hours 5 mi . 8

24 hours Harvested ' ] " S
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The cut-up plants were transferred to a Waring blender, and ex-
tracted;!ig the standard alkaloid extraction procedure, to give the
varioué.p1ant fractions. Again, all aqueous fracfiohé were counted
by adding an appropriate aliquot to dioxane scintillation so]ution;

The latter is pfepared from 50 ml1 of Fluor Conéentrate IT (Research
Supp]ﬁes Laboratory), 250 ml abso]ute.ethano1; 400‘m1 p-dioxane, 50 g
naphtha1éne, and toluene to bring the finél vo]dme to 1 liter. Those
solutions which were soluble in toluene (such és qrgahic extracts)
were counted in‘cocktail made from 50 ml of Fluor II, diluted to

1 liter with toluene.

The aqueous solution obtained by centrifugation of the plant mash
from Feeding Number 2 was brought to pH 3 with concentrated H3P04, and
applied to a cation exchange column (AG-50W-X8, 200-400 mesh, hydrogen-
ion fprm). The column was washed with distilled water to neutﬁaIIpH,
and then with 1.5 N NH40H until about 300 ml of basic eluent was col-
lected. A1l eluents were saved (in about 150 ml fractions) for subse-
quent_codhting. Fraction 1 from this column (containing the bulk of
non-baSic active substances) was reapp]ied-to thévregenerated cation
exchange column and e]ufed in the same manner. Counting of the eluents -
showed'tﬁat nearly all the sample passed throUQH prior to e1uting.with
base, indicating little if any column overload.

The first 150 m1 of basic eluent from aBove waé evaporated in vacuo
until the pH was reduced to 8. It was then app1ied to an anion exchange
column (150 ml of AG-1-X8, 2009400 mesh, hydroxide-ion form),vthe
column eluted with distilled watef to neutra1 pH; and finally with 2 N
HC1 to remove any adherants. Again all elueht_was collected in fractions

for}subsequent counting.
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E. Morphine Feedings, Set 2

Eighteen poppy plants, aged 60 days, were fed 0.21 mg of labeled
morphine éach. The feedings were done in the same manner as for
Set 1,-'Two plants were harvested af the end of each metabolic period
(3, 6, 9, 12, 20, and 24 hours, respectively). An entire day-night
cycle was thus included in the experiment. The harvested plants were
treated in the same manner as previously, to dbtain the various plant

fractions for counting.

F. Codeine Methyl Ether from Normorphine

Fifty mg of normorphine is dissolved in 250 ul of H,0, 50 ul of
5N NaOH and 25 ul of dimethylsulfate. The reaction is‘carried out
in a‘sma11 vial (»5 ml vdlume), fitted with N, bubbler. The vial is
placed in an ice bath for 4 hr, with constant stirring. At the end
of each hour, 40 ul of 5 N NaOH and 25 u1 of Me,S0, are added (for a
total of 125 ml Me2504). Finally, the so]utibh is stirred at room
temperature for about 2 hr, and 1 N NAOH added when necessary to main-
tain'the pH near 8. The solution is then fi]tefed through an anion-
exchange resin (15 gm of AG-1-X8, 200-400 mesh, rinsed previously with
1 N NaOH HéO,'] N HC1, NaCl solution, and H,0 until the eluate was C1-
free), é1uting witﬁ H,0 to a Cl-free eluate (aboUt 100 m1 is needed).
The eluate is‘evaporated iﬂ vacuo to dryness, then transferred to a
microfsub1imer. It is heated for 20 min at 220°C, 0.2 mm, and then
40 min at*280fC, 0.2 mm. The sub]imafe is rinsed from the cold finger

with EtOH, evaporated to a smaller volume, theh sbotted on preparative

tlc plates for purification of the codeine methyl ether. The developing

solvent used here is CHC13/MeOH/NH3'(3{]:trace).
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G. C0, Biosynthesis - Search for Normorphine

A tWofday ]4C02-biosynthesis_was done, using 10 poppy plants, ages
75-90 days; A total of 120 mC of 14C02 was added over the two-day
period; Approximately 40 mC was in the growth chamber at the timé
the p]anté were added. In order tormaintain théfCOz concentration:
near 0.04%, another 35 mC had to be added 3 hodrs.into the biosynthesis.
The remaihder (45 mC) was added at about 22 hobrs,‘after the 1ights
were turned on thé second day. The CO2 concentration was then a]]owed
to drop to about 0.02%, at which time (30 hrs) cold €0, was added to
restore it to 0.04%. The plants were kept on a 12-hy light/dark cycle;
at least 95% of the activity had been taken up at the end of 48 hours.

Due.io the quantity of plant material, it was divfded into two
batches;»Which were extracted separately to tﬁe‘okganic a]ak]oid ex-
tracts. The following cold carr{e}s were added (totai amounts): nor-
morphine (100 mg), morphine (100 mg), neopinone (300 mg), codeine (50
mg) and. thebaine (50 mg); the latter three for H. Parker's use. They.
were added to the ground plant mash in slightly acidic solution (1%
H3P04), and rinsed in with BuQH/benzene (1:1). The normal alkaloid
extraction scheme was followed to get an acidic solution of the alka-
Toids. This solution was brought to pH 12 with 8 M KOH, and extracted
with 5 x 100 ml of CHCI3 to obtain the non-phenolics. The pH was then
adjustéd to pH 8.6 with concentrated H3P04, and the resulting solution
extracted with 6 x 90 ml of CHC15/isopropyl alcohol (3:1). This |
organic extract was dried over Na,S0, and evaporated to dryness in vacuo.
The residue was taken up'in a minimal amount of MeOH/10% CHC13, and

spbtted on four preparative silica gel plates (dried‘pkeviously for
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172 hour at 100°C). After deve'lopmenf in CHC]é/-M_eOH/NH3 (3:1:trace),
the morphihe and normbrphine bahds we}e loéated'b& sbrayihg the edges
with ipdobiatinate. These were scraped off, and eluted by stirring
with 15 ml1 of MeOH for 15 minutes, filtering on a millipore filter,
and-repeéting once more. The resulting solutions were evaporated to
dr&ness. A second preparative tlc of the normorphine from above was
perfofmed in the same manner td give’morphine-free normorphine.

Conversion of the 1%C-normorphine to '#
carried out using the procedure described in Section F above. “Subse-
quent'bukification of the CME was done by preparative tlc, as above,
and sublimation at 120°C, 0.2 mm. Mass analysis of the purified
materi§1 Was done by Vpc and UV at 286 nm (e = 1350).

The ]4C-morph1ne isolated from the plants was converted first to
normorbhine, and then to codeine methyl ether. The latter was also
purified by tlc. A final purification of both CME samples (i.e., from
]4C-m6rphihe and ]4C—normorphine) was made by sublimihg each for 8 hrs,

at 120°C, 60 microns. Some of each was scraped from the cold finger,

and portions then precisely weighed and counted.

H. Normorphine Extraction and Purification Studies

1. ]4C—NofmoﬁphinevExtraction

A sample of ]4C-normorphine (containing about 20,000 dpm) was dis-
solved in 10 ml of Na,C05. A 100 x aliquot was removed and counted,
and 9 m] of:the remaining solution immediately transferred to the
Waring'blénder. 100 mi of Bu0H/benzenev(1:1) was added, along with
'21 m]vbfvio% Na2C03. Finally, a frozen 53 g plant, 60 days old, was

C—Codeine methyl ether was




L) iF ¥ Lé s @ ‘w’i o i i *}

-73-

added to the blender mix, and the whole was ground for 5 minutes.

60 m df.BUOH/benzene had to be added to break up the emulsion, and

the mixture was ground for 10 minutes more. 100 ml of the dark—green
supernétant was removed by pipetting into a‘voiumetric flask. 80 mil
more BuOH/benzene was added, and the mixture grouhd for 15 minutes.
Aftervrémoving another 100 m1  of qrganic superpatant, 60 m] more
.BUOH/behiéne was added to the mash, the mix ground for 5 minutes, and
the remaining supernatant removed and diluted to 100 ml. Samples wére
then remqved from each extract for counting purposes. The aqueous

mash was‘centrifuged at 2500 rpm for 15 minutes, and the aqueous (along
with a small amount of solids which remained on top of the water) de-
canted and filtered. The solids were rinsed with water, recentrifuged,
the aqueous decantéd and added to the former aqueous solution, and

the remaining solids dried in a dessicator.

2. ,Normotphihe'Extrac;ion_-:CO]d
Two stock solutions were prepared as follows: Solution A, 0.1 M
boric acid in 0.1 M KC1; and Solution B, 0.1 M NaOH. To 25 ml of
| stock}Qo]Ution A were added 10.6 mg of cold normorphine, and the mix-
ture stirred until the normorphine was éomp1ete]y-disso]ved. To this
vso]ution were added 6 ml of stock So]utidn B,vand 19 ml of HZO’ to
gfve 50'm1 of aqueous normorphine solution buffered at pH 8.6.
, A ﬁingle poppy plant, about 90 days old, was cut-up, frozen in
1iquid.N2, transferred to a Waring b}ender, and ground briefly. The
Ai normorphine solution from above was tﬁen added, and the mix ground
again for.about 30 seconds. Finé]]y, iOO m1 of}BuOH/benzene were

added, and the mix ground for 10 minutes, stopping it at 5 minutes to



scrape'matéria] from the-sidesvof the blender. - The hash’wasﬂa11OWéd
to settle, and then the organic supernétant was decanted, yielding
about 75 ml of solution. An additional 75-ml pdftion of BuOH/benzene
was added to the mash, and the grinding resumed for 10 more minutes.
Again, the organic supernatant was decanted. The plant mash was then
filtered, with suction, and a check on the deeply colored filtraté
showed the pH to be 8.55, indicating the buffer was effective.

| Each of the organic extracts was extracted with 4 x 20 ml of H3P04
(1 M, pH 2.5). The aqueous extracts were brought to pH 8.6, using KOH
pellets and concentrated H3P04, and extracted W1th 4 x 50 ml CHC13/IPA
(3:1). The organic extracts were dried over Na,S0,, filtered, and eva-
porated té dryness jﬂ_igggg. Subsequent ana]yéis was done by g¢ (on

0V—17), affer dissolving each residue in 5 ml of CHC1;/MeOH (1:1).

3. Normonphine Acetylation

To 105 mg of normorphine in a 25-m1 pear-shaped flask was added
one ml of_acetic anhydride. The flask was fittédeith.condenser and
ni;rogeﬁvbubb1er, and refluxed. Samples were removed after various
time intervals for tlc analysis. The refluxing was contihued for 16
hours (bath temperature -160°C). The residua1 acetic ahhydride and
acetic acid were removed by evaporating in vacuo; the residue was taken
up in 25 ml of benzene (it dissolved slowly), then washed with 2 x 20 ml
of 0.5 M K2C03; The combined aqueoﬁs wésﬁes were back-washed with 25 ml
of benzene. The combined organics were dried over'Na2504 and evaporated
to dryness in vacuo. The residue was redisso]ved_in 25 ml of CHC15 for

~ vpc analysis.
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4, Morphine-Normorphine'Co4acety1ation

To a three-necked pearQShaped flask (25 m1), fitted with nitrogen
bubbler and condenser, was added 100 mg each of morphine and normor-
phine, and 2 ml of acetic anhydride. It was placed in an‘oi]'bath;
and the solution brought to reflux (bath temperéture of 155°C). Aliquots
" were removed and checked by vpc immediately afier Aczo addition, and
45 minutes after addition (just_prior to boi]{ng); Reflux was continued
for about six hours. The produc£ was worked up the same as above for

the normorphine case, to give a residue of the acetylated products.

5. _Normorphine-Plant Extraction with Acid

To a single frozen, ground poppywp]ant, &20 gm Wet weight, 50 days
old, in a Waring blender, was added 19.4 mg of hprmorbhine.' 75 m1 of
butanol/benzene (BB) was added, and the mixture blended briefly.
Fina]iy, 50 ml of 1 N HC1 was added, and the mix blended for five
minutes; The BB supernatant was removed by pipetting to a separatory
funnel. 75 ml more BB was added, -the mixture‘ground_again for 5 minutes,
and the supernatant transferred to the separatory funnel. The remaining
plant mash was centrifuged, after rinsing thoroughly from the blender
with 1T N HC1, for 20 minute§ at 2400 rpm. The aqueous layer was re-
moved by syringe. Additional HC1 was added to the residual solids, the
mix stirred briefly, and thén recentrifuged. The aqueous phases were
combined, brought to pH 8.6 with solid Na,C0,, and extracted with
6 x 70 m1 CHC1,/IPA (3:1). The total organic extract was dried over
NaZSO4, and evaporated to dryness. Vpc analysis Waé performed directly
on this residue, after dissolving in 5 ml bf MeOH. The sample was sub-

sequently redried, then acetylated-by refluxing for 16 hours at 155°C
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in acetic anhydride. This was used to study thévféasibility of
analyzing plant éxtracts as fhe acetates. |

A second check of the acid-butanol/benzene extraction procedure
was done by adding 10 mg of normorphine to a ground poppy plant (fresh
weight about 20 gm), and the mixture extracted using the new acid-
butanol/benzene bfocedure. Two separate 75-ml portions of 1 N HC1 were
used~tozremoveuthe:aikalhids}ﬁberﬁ¥¢gt88 phase Was back-extracted with
T M (pH 2:5) HyPO,. A1l the aqueous acid phases.(after centrifugation)
were combined, brought to pH 8.6, and extracted with 6 portions of
CHC15/IPA (3:1). The organic phase was dried over Na,S0,, filtered,

and evaporated to dryness in vacuo. The residue was acetylated in re-

fluxing Ac,0 (3 m1) for 16 hours, and the product evaporated to dryness.

I. Control Experiments

1. Control No. 7

To a sample of radicactive morphine (150,000 dpm, ~3 mg) was: added
9.7 mg of cold normorphine. The mixture was dissolved in a small
ﬂamodht of 1 N HC1, and added to some ground plant material (~35 gm),
for extraction via the acid-butanol/benzene prbcedure. The final alka-
loid residue, after acetyIation,vwas separatéd on preparative tlc, to
give the morphine-Ac2 and normorphine!Ac3. After counting and mass
analysis, the normorphine-At3 was rechromatographed a second time, the
developing solvent being CHC13/MeOH/NH3 (3:1:trace), as opposed to
EtOH/benzene (1:4) for the first plate.

As a check blank, a samp]e of the radioactive morphine used ih
this control was acetylated, and the percentage of normorphine present
determined. This determination was included as a correction factor in

the plant extraction control.
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2. Control No. 9 |

This control experiment was performed in three parts, by adding
morphine at each of thiee distinct points in the extraction procedure.
For the first one, 5.4 mg of morphine was dissoiVed in 37_m1 of TN
HC1. Thfs}was extracted with 2 x 75 ml of BudH/bénzene. The latter
extract was back-washed with 2_x‘25 ml of 1 N HCl. A second portion
(~40 m1) of 1 N HC1 was extracted with 75 ml of BB. Each BB-acid ex-

traction was shaken for about 5 minutes. The total aqueous acid

'."\-;-portion was brought to pH 8.6 with solid Na,C03, and extracted with

6 x 75 ml CHC13/IPA (3:1). The latter was dried over Na,S0,, and
evaporated in vacuo to dryness.

_.'xfor £hé second control, 125 ml of 1 N HC1 was extracted with 150 m
of BB. To the aqueous phase was then added 4.8 mg of morphine, the pH
of the sdThtion‘brought to pH 8.6, and extraction performed with CHC1,/
IPA as above. And finally, for the third control; evekything was
identiéa] as in the second one, exéept the morphihe (5.2 mg) was added
to the CH§13/IPA extract prior to dgying and evaporating.

A1l three residues were acgtylated aS_usua];land analyzed fdr NM/M

ratio by vpc.

3, “Control No. 10

Five mg of merphine was dfssolved in 35 ml of 1 N HC1. This
~solution was combined with 70 m1 of BB in a round-bottom flask, fitted
with air bubbler and reflux condenser. It‘was,then heated for 15 min

at a'bgth temperaturé'of 75°C, with air bubbling through at a rate ,
Timited only by the capacity'of the condenser. Aftgr cooling, the agueous

phase was separated, and extracted as usual to give the alkaloid residue.
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4, Control No. 1]

This experiment was run just like No. 10, after combining 73 mg
of morphine, 75 m1 of 1 N HC1, 130 m1 of BB, and 250 mg of hydroqui-
none, the heating time being extended to 25 minutes. Work-up was

done as usual for normorphine/morphine analysis.

5. Control No. 12

This was again a repeat of No. 10, substituting 1 M H3P0y 5 buf-
fered at pH 2.5, for 1 N HCI. Conditions were identical, except the

heating time was extended to 30 minutes.

J. Gas Chromatography of the Alkaloids

A]]'vpc,analyses for the normorphine studies were done using 6- -
feot, 3 mm i.d. glass columns filled with AeropaF 30 (100/120 mesh)
coated wfth 3% 0V-17. The latter is a silicone rubber with 50% methy]l
and 50% phenyl side chains. The preparation of these columns has been
described in detail by Parker']6 (according to' the procedure of Kruppa

).%1 An F&M Scientific Model 402 High Efficiency Gas Chromato-

et'al
graph'was employed. This equipment is designed to take glass columns,
and qvoids any contact of the injected sample with metal until it
reaches tHe flame detector. The latter ‘has been proven necessary to
avoid tailing and loss of sensitivity. The conditions uséd for most
of the aha1ytica1 work were: column temp., .250°C; flash heater and
detector temp., 290°C; carrier gas, argon; flow rate, 60 ml/min.

Sensitivities of about 50 nanograms for both triacety] normorphine

and diaéety]morphine were achieved under these conditions.
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- The column conditions had to be altered When it was desired to
trap compounds from the vbc. Apparently the integrityvof triacetyl-
normorphine is not maintained at 250°C. Goqd-recdverieé were obtained

at a column temperature of 230°C (fdentica] flow rate as above).

K. Modified Plant Extraction Procedure

The plant material (40 gm) is frozen in liquid N5, then ground
briefly in a Waring blender. After adding 75 ml of HP0, (1 M, pH
2.5) and 150 ml of butanol/benzene, the mixture is blended for fivé |

mindtes,'then cooled by putting the blender on ice. The organic super-

‘natant is removed, and the grinding repeated with a second portion of

BuOH/benzene; After removing the green supernatant, the aqueous plant
mash ié centrifuged to separate the acid portion from the solid. The
latter are returned to the blender, and extracted as above with a
second.portion of acid. The combined organic supérnatants are ex-
tradted'with 2 x 50 ml H3P04, and then discarded. (except in feeding
experiments). The total combined aqueous extracts are brought to

pH 8.6 with solid Na2C03, and extracted with 6 x 150 ml CHC13/150-PrOH
(3:1). 'The latter extract is dried over'NaZSO4 énd evaporated to dfy;

ness. The residue is dissolved in 3 ml of acetic anhydride, and re-

fluxed at 160° for 16 hours. The excess anhydride-is’removed ig_Vacud,

to give the crude alka]oid'peraCetates.

L. Normorphine-Morphine Ontogeny Studies

Plants of various ages were extracted yia the modified extraction

procedure (the initial ones using 1 N HC1 as the aqueous phase). The



. -80- |

resulting a1kaioid residues were analyzed by dissolving in 3 ml of
CHC14, and injecting appropriate aliquots onto an OV-17 vpc column.

The opium saﬁp]es were extractéd by disso]vfng 800 mg of the raw
opium-in 200 m1 of 1 M HjPO, (pH 2.5) with vigorous maghetic stirring.
The pH of the solution was then brought to 8;6.with sodium carbonate,
and extracted as before with six portions of CH013/j§9;PrOH (3:1).
The residue was acylated and analyzed in the same manner as the plant

extracts.

M. Morphine Feedings, Set 3

The nuclear ]4C-morphine (110,000 dpm/mg) was‘dissolvgd in 1 ml of
CHC1 5/MeOH (1:1). 500 ul of this was'transferréd to the feed{ng vessel.
The chamber used for this feeding was a 500-m] érysta]lization dish,
fitted with a bubbler and a cover with holes for 3 plants. The solvent
was evaporated in a nitrogen stream; the residue was redissolved in
approximately 700 u1 of 1% HaP0O,. Poppy nutrient was then added, with
stirring, to a total volume of 300 ml. Three plants (72 days old, each
weighing about 25 gm) were,transférred from hydroponic sanks to the
feeding container. The nutrieﬁt level wasmaintained af 300 m1 for the
first two hours, then allowed to drop (to about 250 ml1) for thé next
four hours, at which time it was brought to 350 ml to last overnight.
The plants were removed from the chamber after 22 hours total, their
‘ roots'rinSed in dilute H3P04 (14), and the plants frozen in liquid N2.

The plant material was extracted in two batches, after adding about
5 mg cold'normorphine to eabh batch. Again, ihévBB‘phase was back-

extracted once with aqueous acid. A1l the aqueous acid portions were
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combined for alkaloid extraction at pH 8,6§ Acetylation by the normal
procedure -gave the peracetates |

After attempt1ng to c011ect the normorph1ne tr1acetate from the

‘vpc for spec1f1c acttv1ty analys1s. and fail1ng, it was decided that

a tlc system shou]d be sought to separate the NM—Ac3 from heroin, as
well as from the abundant low-Rf highly co]ored ‘impurities. Ethanol/
benzene (1.4), with silica gel, was found to give such a separation.
The crdde acetylated alkaloid mixture was therefore purified by a
prepa?ative tlc, using EtOH/@H as the deve]oping_selveht.. The normor-
phine triacetate so obtained was purified once more by'preparative tlc,
developing with CHC1,/MeOH/NH, (3:1). Vpc showed that the first tic '
had effective]y removed all the morphine-Acz, so the second tlc was
Jjust a precautionary measure. Analysis of the specific activity was -
then accomplished by determining the NM--Ac3 mass'by vpc, and counting

a known aliquot of the NM-Ac, material.

2. Mohphine Stability Study under Feeding COnditions of MF-5

To test for the integrity of the morphine‘in the residual nutrient
solution and root wash from MF-5, the two were combined and brought to
PH 8.6 with solid Na,C03. The resulting solution‘was.extracted with
3 x 250 ml CHC13/IPA (3:1), and the organic extrect dried over Na2504
and evaporated to dryness. Vpc analysis showed this extrect was not
morphine (see Results), although subsequent acetylation gave a major
product whose retention time is identical with heroin. |

With this result in hand, it was decided that a check on the stabi-
lity of morphine under these feeding conditions should be made. To do

this, 11.7 mg of cold morphine was dissolved in a minimal amount of
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0.1 M HyPO,, and diluted to 300 ml with poppy nutrient solution. To
this Solution were added portions of root§ from the poppy plants
(aéed 70-90 days), and the whoie fitted with an air bubbler. After 4
hours of bubbling, the rootwaeré removed and rinsed in about 25 ml
of 0.1 M H3PO4; as much 11QUid as pbssib]e was équeezed from the roots.
The acidic root wash and remaining nutrient solution were combined,
and the pH brought to 8.6 with solid Na2C03. The solution was extracted
with 3 x 150 ml of CHC1,/IPA (3:1). At this'p§int,‘the pH was re-checked
and found to be about 9.5, so it was brought back to 8.6 with H3PO,
(conc.). After readjustment, the solution was extracted with three more
150-m1 portions of CHC1,/IPA (3:1). The total organic extract was dried
over Na2504, filtered, then evaporafed to dryness.

The residue, containing morphine and morphine-D1, was separated
into ité_two components by preparative tlc on silica gel; developing

with'CHCIB/MeOH/NH3 (3:1:trace).

3. Morphine Feeding No. 6

The reméining nuclear ]4C-morphine was purified once more by pre-
parative‘tlc; The resﬁ]ting morphine gave a single spot on tlc, and a
singleipeak on vpc. The entire sample was taken:up in one m] of 0.1 M
HaP0,. To this solution was added 12 ml of poppy nutrient. A 100 A
aliquot was removed for scintillation counting. Four ml of the remaining
feeding so1ution was transferred to each of three feeding flasks
(blackened 50-m1 Er]enmeyer.flasks). Three poppies, about 70 days old,
were removed from fhe hydroponic tank, their koots b]oﬁggd with paper
toweis,vand placed in the feeding flasks. After 5 minutes, one ml addi-
tional nutrient was added to each flask. Additional nutrient was added

&

7
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periodically to maintain the 1eye]vneaf‘5 ml in each flask. After six
hours,,thé plants weré removed from the‘flasks_and their roots rinsed
in 0.1 M HyP0,. The flasks, after rinsing with acid, were filled with
nutrient solution, and the plants replaced. Thevaere kept this way
for an additional 18 hours, for a total of 24_houfs.' They were then
remov@d.'rinsed briefly in nutrient'solution,.énd‘frozen in liquid
nitrogen. Extraction of thevplants was done as normal, via the acid-
bUtand]/bénzene procedure, aftek adding 14.8 mg'of cold normorphine as
carrier. _The crude alkaloid extract was acetylated with 3 ml of re-
fluxing acétic anhydride. The product from this was separated by
preparatf?e tlc on silica gel, developing with ethanol/benzene (1:4).
Bands were scraped off, eluted with CHCI3/Me0H; and evaporated to dryness.

’ Cbunfing of most of the samples was straightforward. However, the
plant mash was couhted by suspending it in séinti11ation solution with
Cab-0-Si1 (a gel agent), and the aqueous residue'(from which the alka-
loids are removed at pH 8.6) was counted in a cocktail of "Oxifluor-
HZO“ to insure solubility.

The residual nutrient and root washes were combined, and brought

to pH 8.6, by first adding about 100 m1 of a pH 8.6 borate buffer,
then adding 8 M KOH to the proper point. This sb)ution was extracted
with 3 x 200 ml of CHC13/IPA, followed by 3 x 200 ml of CHC1,;. The
combfned}organic phase was dried over Na2504}and_eVaporated to dryness.
The residue, after being counted, was purified by preparative tlc
(silica ge] developing solvent CHC] /MeOH/NH3, 3:1:trace). The mor-

phine band was eluted as usua]
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N. Morphine Biosynthesis No. 3

Féur poppy plants, 90 days old, were exposed to '

CO2 under "steady-
state" conditions for a total period of six hours in the Iight.‘_There
was a slight drop in the 602 concentration over the last one-half

houf, but the specific activity of the CO2 reamined fair]y constant
throughoﬁt. At the end of -the exposure time, fhe plants were cutvup
and frozen in liquid nitrogen. They were then ground briefly in a
Waring blender (in two batches), 150 ml of HyPO, (1 M, pH 2.5) added,
and the mixture ground for an additional 5 minutes. The aqueous phase
was sépafated from the solids by centrifugation,‘and the latter blended
agaih,_with a second portion of H3P04. After separating, the total
aqueous phase was extracted with 3 x 200 ml1 of butanol/benzene (1:1);
the organic extracts were back-extracted once with 50 ml of H3PO4.

The combined aqueous phase was brought to pH 8.6 with soTid Na2003 (to
about pH 6) and 8 M KOH. It was then extracted with 6 x 150 ml CHC14/
IPA (351). It was necessary at times to add more organic to break up
the emulsions which occurred. The total organic extract was dried

. over Na,S0,, filtered, and evaporated to dryness in vacuo.

The alkaloid residue was immediately esterified with Ac20 (16 hours
at reflux) and evaborated. A portion of the acetylated alkaloid mixture
was separated by pregparative tlc on silica gel (&eve]oping solvent,
EtOH/benzene, 1:4) to give one fraction contéining the normorphine-Ac3,
and another the morphine-Acz; the latter also ithuding codeine-Ac.

The normorphine-Ac3 was further purified by tlc, USihg CHC13/Me0H/NH3
(3:1:trace) on one plate, and EtOH/benzene on a final plate. The final
determination of specific activity was done by collecting a known
quantity ofAthe normorphine-Ac3 from a vpc injettion, eluting, and

counting.
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The specific activities of the morphine-Ac, and codeine-Ac were
determined by vpc trapping of known a]iquotsvofveach, and counting.
The tOta]ffraction was then purified by a seéohd preparative tlc,
developing with CH613/MéOH/NH3, 3:1:trace; the mof‘phine-Ac2 was eluted,
and evapofated to dryness.- This fesidue was disselved in 5 ml of
freshly disti]]ed CHC13. The resulting solution:was then added, over
a periéd of 20 minutes, to a stirred ice-cold solution of 200 mg of
BrCN in 2.5 m1 of CHC13. The funnel was rinsed with one ml of-CHC13;
The reaction mixture, under nitrogen, was stirred at 0°C for 30 minutes,
room temperature for 30 minutes, and finally fef]uxed (75?C bath) for |
2.5 hours. After cooling, the solution was evaporated to dryness
,ig!ygggg; twice redissolved in CHC13 and reevaporated, and finally
dissolved in 10 m1 of CHCl,, washed with 3 x 10 ml of 0.1 M H5P0,,
dried over Na,S04, and evaporated to dryness.

The residue was dissolved in 0.75 ml of coﬁcentrated HCT by
swirling and heating at 80fC for 15 minutes. To this solution, 6 mi
of water_was added, and the.resu1ting solution heated at 80° for one
hour, then refluxed (118?)'for 3.5 hours. After. cooling, the pH of
the solution was brought to 8.6 with 10% Na,C05, and it was extracted
with 6 x 20 ml of CHC1,/IPA (3:T). The organic extract was dried and
.evaporated. The nonnorphine was then purified by preparative tlc
(developing solvent, EtOH/d1oxane/benzene/NH40H 1:8:10:1), and its

spec1f1c activity determined (mass by tlc).
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PART 2

BOUND_ALKALOIDS



-87-

I. INTRODUCTION

A report concerning the presence of "bound" alkaloids in the
seeds of several varieties of _E;_somniferum32 led'to our interest in
determiﬁing,whether or not bound forms of alkaloids exist in the
poppy p]énfs themselves, or in our variety of seeds. If, indeed,
bound morphine is present in the p1énts as a metabolite of morphine,
-this would most certainly be refleéted in labeled'morphine feedings.
Any activity ending up in water-soluble metabd]ites could then be
claimed to be "bound" morphine. |

With these questions in mind, a definitive'procedure was estab-
lished for extracting seeds and plants which could distinguish between
free and "bound" forms of alkaloids. In this case, "bound" is defined
as being 1ni£ia11y wafer-so1ub1e. but releasing a free alkaloid upon
acid hydrolysis. Both seeds and 2-month old plahts were subjected to
this procedure. Evidence was sought to éstab]ish the presence or ab-
sence of.bouhd forms by comparing pre-hydro]ysié'and post-hydrolysis
a]ka]oid extracts. In the case of the plants, it was of greatest con-
cern. to détermine if horphine is found in.some bound form, although a
qua]ifative estimate of the éxtent to which hon-phenolic alkaloids
were pkesent was also made. Some doubts were raised éoncerning the
abi]ity,to distinguish actua1‘bound a]ka]oidé-from incompletely ex-
tracted free alkaloids and aberrant products prbduced by the hydrolytic
conditions. Some diséﬁssion of this problem will be included with the

presentation of the results of this study.
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II1. RESULTS AND DISCUSSION

A. Historical

In 1968, Fairbafrn and E1-Masry reported the discovery of '"bound"
a]kaloids in the seeds of several varieties of E;_Somniferum.32 They
claim thatvupon acid hydrolysis or pepsin digestion of ground poppy
seeds, a]ké]oid-]ikevsubstances are T%berated; among them being
codeine and a phenolic alkaloid similar to morphine. These results
are somewhat contkadictory to those obtained in this laboratory by
Martin concerning the gradual appearance of alkaloids in seedlings,
which Teads one to the conclusion that no alkaloids are present in
the seeds.20’33 There is one report in the Titerature of a Russian
woman whb ate several tablespoons of ground poppy seeds, and found
hercpsychological state to change from irritability to euphom‘a.34
Fairbairn and E1-Masry claim this could be due to the reTease of
bound éika]oids by the action of the stomach écid—pepsin.32

‘No evidence exists in the literature for the presence of bound
alkaloids in the poppy plant itself. The existence of such forms
ths been.indicated'for-the alkaloids in hemlock;35’36 Bound forms
of the morphine alkaloids are found as metab61ités in aniha] and
human studies.37’38 This has been shown to be a monoglucuronide, in
the case of morphine.39’40 Of course, no direct correlation can be
drawn from these studies to the situation dccurring in plants, but

they do indicate the presence in nature of mechanisms which render

such compounds as alkaloids more water-soluble.
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B. Methods Used

The major concern in a search for "bound" alkaloids, whether in
seeds or in the plant, is to adéquate1y distinguish between free and

bound_fofms.' Since the determinatidn of the bound forms is accom-

“plished by én acid hydrolysis to yield the free alkaloids, it is

. necessary to remove all naturally free alkaloids'first Fairbairn

and E]-Masry accomplished this by exhausting the ground seed with
EtOH. 32 - Subsequent hydrolys1s and EtOH extraction gave their alkaloid

_extract. Since our interest was in both seeds[and plants, this ex-

traction method was inadequate. In addition, it failed to distinguish

between free alkaloids which remained on the external surfaces of the

-seeds, and those inside the seeds. The standard plant extraction

schemev(as described in Part 1 of this thesfs) was, therefore, ‘modi-
fied to answer the question of free versus bound alkaloids.

In the case of the seeds, we were interested in three types of

alkaloids: 1) the free alkaloids within the seeds, 2) the residual
‘alkaloids outside the seeds, and 3) the water-soluble hydrolyzable

~alkaloids. The procedure outlined in Scheme V was adopted for this

purpdse. An initial acid wash removes any residuals, a normal

grinding and extraction removes the free, and an hydrolysis, fol-

Towed by an alkaloid extraction, gives the bound. In addition, an
hydro]ys1s of the solid phase was included, as a check for any water-
'1nsolub1e bound forms. The extraction for a]ka1o1ds from aqueous

‘:"phase was performed with CHC]3 at pH 8.6 (or first at 12, then 8.6,

if the non-phenolics and phenolics ‘were sépafa;ed).
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Seed Extraction Scheme

Seeds (20 q)

Wash with H3P0, (1%)

Aqueous

Seeds
1) Grind in blender Extract for
2) Extract with BuOH/Bz, NayC0y . . Alkaloids
[ ]
I | Organic - Aqueous
Organic Mash 11 (discard)
Extract for Centrifuge Pre-grind
Alkaloids I _ Alkaloids
' ~ Aqueous ;;]1d
I .
Aqueous Va2 NH 1) 2 N HCT
(discard) 2) & 2 hr . _2) A, 2 hr
, 3) Extract for 3) Extract for
Organic Alkaloids - Alkaloids
I
Free ‘ ] 1
Alkaloids. ) Aqueous ) Agueous
Organic (discard) Qrganic (discard)

ITI

Water-soluble
Hydrolyzable Alkaloids

Iv

Water-insoluble
Hydrolyzable Alkaloids

Scheme V

XBL 725-4636
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A sfmi]ar procedure was adopted for planf maferia], with the
exceptfoh that no pre-grind wash,wes necessahy.' ft was already
appareht et the time fhese extracfions were made that CHC]3 was- not
totally effective in removing 100% of the a]kaleids. In certain
cases; therefore, a second extraction with CHC13/EtOH (4:1) was
performed, at pH 9. As noted in Scheme VI, a second cohp]ete
grinding end blending process was included, to provide a check on
the efficienqy of removal of all free alkaloids.

Analysis of the various isolated alkaloid extracts was done
using tlc and gas chromatography. Some secondary identification
‘was attempted by purifying the compounds in question by preparative
tlc. However, the main effort of the analysis was directed toward
determjning whether morphine or codeine exist in bound forms, and
to give a qualitative idea of the relative importance of them to

general a1kaloid metabolism.

C. Seed A]kaioids

A 20 gm batch of seeds was extracted and hydko]yzed according to
Scheme V. Each crude alkaloid residue was analyzed both by gc and |
by tlc. The gc results are depicted graphica]]yein Figure 4, and
Table XXI lists the tlc data. Fraction IV showedbno peaks on vpc
or alka]oid spots, se was not included. On the gas chromatographic
system used here, morphine gives a retention time of 6:30, and
codeine 5:00. |

Comparing the gc spectra of Fregtions I and II, only one new

peakvappears in the pre-hydrolysis alkaloids (17:30). The other
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P]aht "Bound-Alkaloid" Extraction Scheme

Pldnts
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1) Frozen

2) Ground

3) Extract, BB, Na,COj

< |
Orglnic : - Aqueous Mash
Repeat BB extraction
|
Organic Aqueous Mash
Centrifuge
Aqueous Solid
1) »2 N Ht 1) 2 N HCl
Extract g
for Alkaloids 2) 2) &
3) spH 9 3) »pH 9
4) Ext. for 4) Ext. for
: Alkaloids Alkaloids
% Y 7 Y
I Ir III Iv
Pre- Blank Water-soluble Water-insoluble
hydrolysis - Hydrolyzable Hydrolyzable

XBL 725-4635

Scheme VI
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Figure 4.
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Table XXI

~ Fraction

I. Pre-Grind Wash
II. Free Alkaloids
III. -Bound Alkaloids

vlStandards
1. Morphine
2. Codeine

Spot Re(s)
77: -

19
37

peaks may represent actual free alkaloids, but more Tikely they repre-

vsent incompletely removed residual alkaloids. Morphine and codeine

are both apparently present, in trace amounts, in Fraction II, though

they do not appear in the tlc. Likewise, the codeine_peak appears

enhancéd in the poét—hydro]ysis alkaloids, but tlc does not substan-

tiate fhat_fact. However, there is definitely a new spot sppearing

on tlc as a result of hydrolysis (Rf = 3); in addition, the gc spectrum

shows a.definite increase in the amount of the compound with a 3 min

retention time. It does appear, therefore, that there do exist -

certain unknown alkaloids in the seeds, at least one in a free form,

and one or two in bound forms. However, the amouht of alkaleid we

are dealing with here is extremely low. For instance, the peak at

5:00 in the post-hydrolysis alkaloids, if it is codeine, would imply

a concentration of about 250 mg codeine per gram of seeds. There

are about four grams of seeds per plant, and about 1 mg codeine in



~95-
the mature plant. The amount of seed codeine would represeht only
one-ténthvof one percent (1/1000) of the tota]hplént at maturation.
Thus, it appears as if some other more'extensive use ts made.of_the
a]kaloids,' |

The fact that there do seem to be trace alkaloids in the seeds
is not necessarily a contradiction of the‘results obtained by Martin
and co-workers, which indicate that no a]ka]oidS'are synthesized
until about‘three days after germination. Theklimfts they reported
for defection were on the'order of 1-5 ﬁg/gm of seedlings. The seed
concentrations reported here fall below these limits, especially if
one assumes that there is at least a five—foid weight increase in
3-day seedlings relative to dry seeds.

Certain]y,more intensive study of the 1dentiiy, biosynthetic
source, and metabolism of these seed alkaloids fs needed to deter-
mine their importance to the geowth and development of the poppy
plant. Fairbairn's hypothesis32 that thesé seed-alkaloids are some-
how involved in the process of germination can hardly be tested_by'

simple experiments like the one just discussed.

D. Plant Alkaloids - Free versus Bound

Two batches (50 gm per batch) of poppy plants, aged 60 to 70
days, Wefe_ground, extracted, and hydro]yzedvaccdrding to Scheme V.
In addition,'the aqueous residues from which the‘non-phenolic$ and
phenolics were extracted at pH 12 and 8.6, respéctively, of paths I
and III were continuously extracted with'CHC13/Et0H (4:1) for 4

days, in hopes of recovering any normorphine in the plants. These
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samples are referred to as IB aq. and IIIB aq. As will be seen

: subsequent1y, this additional extraction demonstrated the ineffi-

ciency of the ihiiiaT CHC13 extraction. All a]ké]oid extracts'_
were sepérafed into their non-phenolic and pheno]i; fractions,
for easier ana]ysis; o |

An analytical tlc of each isolated fra;tion‘was run. The re-
sult is depicted in Figure 5. | |

The following spots in 1A and IB can be:assigned with some
certainty: codeine (Streak in IA and R, O.Bé'and‘0.34 in IIA and
IBy. respectively); thebaine (Rf 0.57:); papaverine (VIII) and/or
naréotine (IX) (Re 0.80); and morphine (Rf 0.20). In addition, IB
contains two spots (R¢'s 0.26 and -0.39) which are not presently
identified. The appearance of the yellow spot in'nearly‘all the
samples, inc]udfng the hydrolyzed alkaloids, seems to eliminate it
as a bound alkaloid, since it appears to be mere]y’a matter of in-
complete extractibn.

Fractions IA, IB, IIIA, IIIB, IB aq., and IIIB aq. were all
run on preparative tlc, and bands corresponding to the observed
spots were eluted with MeOH and CHCI3. After drying, the eluted

residues were analyzed by vpc. The results of this analysis appear

VIII OCH3 .
Papaverine Narcotine ..
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in Table XXII -(non-phenolic alkaloids), Table XXIII (phenolic alka-
1oids).‘andvTable XXIV (residual q]ka]oids extracted at pH 9.2).
The numbers in the tables under the beak retention times are the
areas ofithe_corresponding vpc peaks, re]ativé fo_a reference.
For the non-pheﬁo]ics, the reference is codeine = 100 (retention
time = 4:30, band IA-§). For the phenolics, it_is morphine = 1,000
(retention time = 6:00, band IB-b). In Table XXIV, it is the peak
at 5:40, band IB ag-c. This is presumed to be residual morphine.

The vpc spectra of Fraction II (the check on the efficiency of
the initia] plant extracf for free alkaloids) are not included here,
but it shbu]d be noted that significant amounts of several phenolic
a]ka]oids were obtained‘By this second grinding. In fact, all four
of the peaks observed for the Praction IIIB-c aiso.appear in Fraction
IIB (as well as IB-d). However, on the basis of the relative abun-
dances of each of these compounds fn the three ffactions, one can

conclude that the peak at 7:20 (Table XXIII) is the only one that

is definitely enhanced by hydrplysis. Al1 the others seem to be

" Tingering, incompletely extracted free alkaloids.

It is of the_gfeatest'importance to our mgtabo]ism studies to
find that no morphine is re]eésed by the acid hydrolysis. The data
presented here make that conclusion absolutely definitive (compare
the 6-minute peak for Fractions IB and IIIB).

Turning finally to the non-phenolic alkaloids (Table XXII), it
is quite apparent that the acid treatment has released three major
compounds, and one minor one, which were not present in the pre-

hydrolysis alkaloid spectrum. Again, as in the phenolic case, there




Table XXII
-VPC of'Nongphené1ic Alkaloids

TLC Peak Retention Time (Min)

Sample Rf range 4:30 6:30 7:40 11:20 12:45 15:00 16:00 31:30 | i
A (pre- | ' | | ‘.
hydrolysis): tn
. foed
a 0~ 10 2,8 6.8 --- --- -—- --- 86.0 88.0 =
b 10 > 19 - 2.6  --= - --- --- --- -—-
: da &
c : 19 » 37 100.0 7.2 -—- 3.9 ——— - —-- - v «
d 37 » 58 --- 2.3 — 3.9 --- --- —- --- X
e - 58 » 100 - --- - --- 15.7 ~—- ——- ——- &
IIIA (post-
hydro]ysis)f
a 0-+7 -— 2.0 ——- -—- -—- -—- —-- -
b 7 + 65 — 0.7  75.0  --- . --- ---

c 65 + 100 3.1 23.5 . --- - --- . 20.8 - -




Table XXIII
VPC of Phenolic Alkaloids

TLC - Peak Retention Time (Min) -

Sample " Rf range 3:00 4:30  5:30 6:00  7:20 16:40
IB (pre-
hydrolysis): _ _
a 0~1 3.6 - --- ---
b 11 + 30 - 1,000 ‘
c R 9.7 — 32 --- —-- --- g
d 42 » 100 - 5.7 13.3 14.2 59.0
I1IB (post-
hydrolysis): o A
a2 0+6 9.7 --- - e
b 6 > 64 tr. -— --- - -—- o=

o - 64 ~ 100 --- 2.4 8.2 --- 14.9 35.2




Sample
‘IB aq. (pre-
hydrolysis):

a
b
c
d
- I1IB aq. (post-
hydrolysis):
.‘a'
b

c

TLC

Rf range

0-+6
619
19 » 28
28 + 100

010
10 » 32
32 + 100

Table XXIV

VPC of Alkaloids Extracted at pH 9.2

Peak Retention Time (Min)

2:30.  3:00  4;30  5:40
—— 17 — -
30 --- Iy ---

7:20 © 14:40 16:40
20 35 30

-LoL-



-102- ‘ |

was évidence of some lingering alkaloids (in Fraction II).. However,
these‘do hot correspond directly wifh.the compduﬁds prbduced by
hydrolysis. This brings us to the point regardihg the distinction
between bbund alkaloids and acid-sensitive alkaloids. It is known
that thebaine undergoe; rearrangement in the presence of hot acid.27'
Whethér'sdme unknown plant alkaloids might also bé sensitive to
acid is impossible to determine, without more definitive controls
(such'aé”treating the normal free alkaloids with acid, and observing
the spectral changes). In retrospect, it would be best to repeat
the entire grinding process until absolutely no free alkaloids are
left. This would definitely eliminate any concern for this problém.

Ii is fairly obvious that neither codeine, thebaine, nor mor-
phine exist in "bound" form in the plants of phe>age studied here.
If bound alkaloids do exist, as suggested by the.resu1ts, they must
be alkaloids which occur much earlier in the biosynthetic sequence,
or differ entirely from the morphine-type alkaloid. The implications,
therefore, are that bound forms of the a1kaloids'are not directly
involved with morphine metabolism at this stage in the plant's
development. It would definitely be intere§ting to do a similar
study'on_mature plants, as a check on the hypothesis of Fairbairn
and co-workers that bound alkaloids do play a role in the production

of viable seeds.3?
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III. CONCLUSION

The results presented here do lend some support to the hypo-

32 tpat acid-hydrolyzable bound forms of alkaloids exist in

thesis
the seéds of P. somniferum. Whether or not such forms also exist
in the plant is still in question, though our fesu1ts do indicate
their presence. In the case of the plants, howevér, the acid-
released alkaloids do not correspond to the more.abundant free
alkaloids. In particuiar, no morphine, codeine, or thebaine is
re]eased; although one would not expect to find the latter, due to
its acid sensitivity. It is apparent from this that the formation
of bound alkaloids does not»p1ay é role fn the metabolism of morphine
prior tb;flowering. 'Exam1natioh of p]ants_beybnd'that stage should
be made, to determine whether a]térnate metabolic fates are avail-
able to morphine in the mature plant. |

The levels of alkaloids found in the seeds, both free and bound,
repreéenf only a small fraction of the total alkaloid content in
the capsule at the time of‘seed development. Whether these tracés
of alkaloids are hecessary to the propagation of §uccessive genera-
tions is impossible to determine from these results. H§Wever, the -
implications are that this is a minor role, ét most, for the morphine

alkaloids.
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IV. EXPERIMENTAL

A. Seed Alkaloid Extraction

" Twenty gm of poppy seeds were picked free of capsule debris, and
then washed with 100 ml of 1% H3P0,, followed by 50 ml H,0. The
combined aqueoué washes were brought to pH 8.6 and extracted with
CHC14 (6 x 75 m1). The latter engact was dried over Na,S0,, and
evaporated to dryness to give the "Pré—Gring A]ka]oids" (11).

The washed seeds were transferred directly to Tiquid N,, frozen
briefly, then ground in a Waring blender with‘30'm] of 10% Na2C03 and
100 m) of butanol/benzene (1:1). The extraction then proceeded in
the same manner as that for plant alkaloids, to give the alkaloids
extracted into CHC]3 at pH 8.6. The aqueous phase at this point
was readjusted to pH 9.2 with 8 M KOH, and extracted with three
portions of CHC13/EtOH (4:1). These two organic extracts were dried
over Na2504, and evaporated to dryness, to give the fFree (pre-
hydrolysis) Alkaloids" (I). The remaining seed mash was completely
extracted a second time, as a blank check on the efficiency of the
freeAalka1oid extréction. |

The seed mésh @gs then centrifuged to sepafate the solid and
aqueous phases. The solids were washed once with water, recentri-
fuged, ahd‘again separated. The combined aqueous phase was taken
to approximately 2 M in-acfd by adding concentréted HCT, thén heated

and stirred on the steam bath for 2 hr. The solid phase was heated
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in‘the_same manner af;er the addition of 60 ml Qf22 N HCl. The

~aqueous_portion, after cooling, was brought to pH 8.6 with 10% KOH

and solid Na,CO5. It was then extracted with 5 x 100 mI of . CHC13,
and thé latter extract dried and evaporated to give the "Water-
soluble, Hydrolyzable Alkaloids" (III). The remaining aqueous
phase was then brought to pH 9.2 and extracted with CHC1,/EtOH
(4:1); this extract was also analyzed as water-soluble hydro]yzéb]e
alkaloids. The solid material, after heating‘in acid, was cooled

and brought to pH 8.6 with 10% KOH and solid Na2C03. The solution

- was b]énded with 200 ml of butanol/benzene (1:1), the organic super-

natant withdrawn, and the mash extracted twice more with 100 ml

- portions of butanol/benzene. The combined organic phase was treated

as gormal, to give the CHC1; extract at pH 8.6, and a CHC1,/EtOH
(4:1).extract at pH 9.2. The two dried and evaporated organic ex-
tracts were then the fNatér-insolub]e Hydrolyzable Alkaloids" (IV).
Both analytical and preparative tlc's offthe.four extracts
were develbped in CHC13/Me0H/NH_3 (3:1:trace). The vbc spectra were

obtained by dissolving each sample in 25 u1 MeOH, and injecting a

2 ﬁ] aliquot onto the column. The column used was 6 feet of 3%

OV-17 on Gaschrom Q, operated at 218°C.

~B._Plant "Bound-Alkaloid" Extraction

Fifty gm of fresh p]ant'materia1 were cut up and frozen in liquid
nitrogen, and then blender-extracted in the normal manner. A second
complete butanol/benzene extract was pefformed on the plant mash as

a check on the efficiency of alkaloid removal. Both organic extracts
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were extracted with 4 x 50 ml HgP0, (1 M, pH 2). The pH of the
aqueoﬁs phase was adjusted to 12 with_KOH (8 M) and solid Na2C03,
and extracted with 5 x 80 ml CHC]3 to give the free phenolic alka-
loids. Both organic extracts, as well as subsequent ones, were dried
over Na,50,, and evaporated to dryness jg_ygggg,

The aqueous plant mash was centrifuged, and the aqueous phase
removed. The solids were washed once with water, centrifuged, and
separated. To the combined aqueous portions was added 25 ml of con-
centréted HC1, to bring the acid concentration near 2 N. The reéd]ting
solution was heated on the steam bath for two hdurs, with stfrring.
It was cooled and brought fo pH 12 with KOH, and extracted with 5 x 80
ml CHC13. The pH was readjusted to 8.5 with dry ice, and extracted
with'CHC13. These two extracts gave, thus, the non-phenolic and
pheno1i¢ water soluble hydrolyzable alkaloids, respectively. To the
solid phase was added 50 m1 of 2 N HC1. The mixture was heated on a
stéam bath for two hours, cooled, the pH adjusted to 9 with KOH, and
the mixfure transferred to the Waring blender. It was then extracted
as norma]»with butanol/benzene, to a total organic extract of 400 ml.
The butanol/benzene phase was extracted as above to give the water-
insoluble, hydrolyzable non-phenolic and phenolic alkaloids.

Vpc analysis of these extracts was done with a 6-foot silanized
column of 4.5% UC-W-96 on Aeropak 30 (100-120 mesh), at a column
temperature of 218°C. o
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PART 3

SYNTHESIS OF NORNEOMORPHINE
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I. INTRODUCTION

Parker has shown that"neopihone (X)‘is present in the poppy
p]ant,rand is an intermediate in the biﬁsynthetic éonversion of -
thebainé:(III) to codeine (VI"V).]6 Its presence 1eads one to suspect
_ that an alternate biosynthetﬁc fate might be conversion to neopine
(XI) and thence to neomorphine (XII) and norneomorphine (XIII), by
a path paré]]e]ing the normal morphine biosynthésié. The possibi-
lity also exists that norneomorphine, due to its similarity to
' normorphihe, may have been the plant-derived normorphine impurity
which was encountered in some of the earlier 14002 exposures. With
both these_thoughts in mind, it was decided to“syntheSize some
authentic normorphine and neomorphine, for use as éomparison stan-
dards for subsequent plant work. It should be'hoted that none of

these alkaloids (other than neopinone) has been found as.a native

poppy constituent. Neopine, however, has been found in extracts of
a2 - . |

raw opium.

&
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“The éynthetic approach taken was to convert neopiné to neo-
morphine with HBr in acetiaﬁacid. Acylation of the nedmorphine,
followed’by treatment with diethylazodicarboxylate, would éfford,
upon hydrolysis, norneomorphine. = Some preliminary searches were
made tQ_determine whether or not.any of fheée compounds egist in

the poppy plant.
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11. RESULTS AND DISCUSSION

Neomorphine (XII) has been prepared by Small by cbnversion of

neoping-HBr to 6-acetylneomorphine (XIV) with 15% HBr in acetic
acid;.and'hydrolysis of the latter in 2 N NaOH to neomorphine,43
No}neomofphine (XIII), however, has never been reported in thé
Titerature. The common method of N-demethylation, the Von Braun
reaﬁtion, will not work on neomorphine, due to the'position of the

double bond,18 A recent patent, however, describes the conversion

of thebaine to northebaine, as well as diacetylmorphine to normor-’

phine, using diethylazodicarboxylate as the demethy-]atingagent.44

It was hoped that diacetylneomorphine (XV) could be treated in the

same manner to give norneomorphine, upon hydrolysis of the inter-

mediate adduct (XVI).

XIV:vR]=H, ~R2=CH3
XV: R]=Ac, R2=CH3 . 
NH-COzEt

Co,Et
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The first step in the conversion sequéncevwés the treatmént,of'
neopine;HBr with 15% HBr in glacial acetic acid. fUnfortunatéfy, |
these conditions were apparently misinterpreted;-and I made up the
reagent by mixing 3.6 ml of concentrated HBr (48%) with 8.4 ml of
g]aciai acetic acid. Small had reported a crude.yie]d of about
75% of thé 6-acetyIneomorphine, whereas I was abIe to obtain only

a 35% yieid. In addition, he had reported gas evolution, when the

'temperature of the solution reached 115°C, the gas supposedly: being

CH3Br._ N0'such gas evolution was observed under the a&queous condi-
tions used here, probably due to hydrolysis of the resulting CHBr.
The product obtained was a cream-colored precipitate, which had a
broad melting point of 200-245°C, with decomposition. .Small reported
a me]ting point of 243-251°C (evac. tube, decomp.) for once-crystallized
6-acetyInecmorphine.. )

‘The crude 6-acetylneomorphine (300 mg)'wasihydrolyzed by boiling
in 2 N NaOH for 10 minutes._ The work-up of the pkoduct«was done
differently than Small had done. Small had saturated with €0, eva-
porated to>dryness, and digested the residue with CHC15. I adjusted

the pH of the reaction mixture to 8.6, and extracted the neomorphine

‘with CHC1,/IPA (3:1). The residue obtaihed;uan'évaporating the

latter extract consisted of part crystals and part oil. The melting

'point Of the crysta]é was 90-93°C, which compares with a reported

melting point of 107°C for the pure CHC13~solvated neomorphine.
The crystals were sublimed at 100°C, 100 microns, for 2 hours, then
at 120°C for six hours. The sublimate (20 mg) had a melting point

Qf 107§C; however, ;rysta]s (80 mg) had a]so’devglbped'on the residue
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in the bottom of the sublimer, and these melted at 210-215°C with
decomposition (1it. mp 240-241°, evac. tube, decomp.).
Attempts were made to‘impkove the initial O-demeihylatjon.step
on neopine-HBr. Two different reactions were run. The first in-

volved démeihy]ation directly to neomorphine, usfng 48% HBr (aqueous).

This was mentioned by Small as an alternative to using 15% HBr/HOAc,

which yieids 6-acetylneomorphine. The reaction was carried out on
one gram of neopine-HBr, using a 10-fold molar excéss of HBr. The
problem of water-solubility of the neomorphine, mentioned as a

deterrent by Small, was overcome by extracting the.neomorphine from

the aqueous reaction mixture with CHC1;/IPA (3:1) at pH 8.6. This

was preceded by a CHC]j éxtraction at pH 11 to remove any unreacted

neopiné; Analysis of the 1étter extract by tlc did show neopine as
the only spot. The extr&ction process<gave a crude pheno]ic extract
(90% yield), which upon drying at 75° under h{gh vacuum for one hour,
gave‘a'pale-yellow powder, 0.44 gm (60%), whiéh:melted over a broad
range from 110#-150°C. This implies that the pfbduct is partially
solvated (CHCl3-so1vate, which has a melting point of 107°C, comQ |
pared to 240°C for the free neomorphine). Tlc of the product showed
only a single spot, Rf = 34,'which compares to én Rf =-36 for mor-

phine. Vpc of the product gave a single peak,_with a retention

. time of 5:18 (compared with 5:07 for morphine),'

A final attempt. was also made to repeat Small's preparation of
6-acetyIneomorphine, after obtaining the non-aqueous HBr (30-32%)
in HOAc from EaStman.Chemicals. 15% HBr in HOAC was prepared by

mixihg one gram of the commercial HBr with one gram (0.95.m1) of
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glacial ééétic acid. Using this for demethy1ating‘neopine-HBr (one

grém),;underVSmall‘s.conditions and work-up procedUre; gave a 66%
yieldiéf ¢rude 6-acetylneomorphine. Analysis by tlc and vpc indi-
céted the presence of about 10% neopine, and the me1t1n§ point of
190-250°C (decomposition) confirmed this 1ack»of.pur1ty.

Tdvphepare diacety]neomdrphine for the subséquentvconversion.
to norﬁeomorphinef 6-acetylneomorphine was prepafed using the ori-
ginal cqnditions tried (i.e., 15% aqueous HBr,ih glacial acetic
acid). ,A 55% yield of crﬁde prdduct wés obtainéd;.and tlc showed
it tb:be mUch more pure than previously. This was converted directly
to diéCetylneomorphine by acetylating with acetic anhydride in

pyridine, at room temperature fgr‘32 hours.43

The product, recry--
sta]]iied‘once from Ligroin, was a white, crystalline solid, with
a melting point of 124-128°C (1it. mp 127-127.5°C). It gave a single

spot,iat'Rf = 64, on tlc; this compared with aanf of 70 for the

“morphine analog, heroin.

It should be noted that diacetylneomorphine was a)so prepared
from both 6-acety1néomorphine'and,neOmorphine,vusing refluxing
aéetic.anhydridé. Although the crude product was pure diacetylneo-
mbrphine'by tlc and vgc (Rf = 8:40), several attempts to pﬁrify it
furthek}byvreCrysté]]iiation and subTimation failed. However,
enough pure material was on hand for the final tonversion-tO‘norneo-‘
morphine,'so this investigation was dropped.

Treatment of diacetylneomorphine with 1.8 equivalents of di-
ethylazodicarboxylate in benzene, fé]]owed by a basic hydrolysis of
the crude product, gave a 72% yield of norneomorphine (m.p. 120-150°).
This prcddct was pure by tlc (R, = 22, cqmpared_to‘Rf = 19 for
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normorphine). It was indistinguishable from normbrphine by vpc.
However, cohversion to the triacetyluderivatives with refluxing
acetic anhydride accomp]ished a definitive separation.by vpc (Rf =
28:40 for'norneomorph1ne-Ac3, 36:40 for hormorphine-Ac3). It should
also be mentioned that the diacetates of morphinevand neomorphine
are well separated by vpc (8:55 andf7:00, respectively).

Since the nmr spectrum for the neomorphine-type compound,has.
never been published, I have summarized it here in Table XXV, taken
as the diacetyl derivative (neoheroin). The spectra of heroin, 6-

45 and 6%aCety1codeine45 are included for compakiSon.

acetylineopine,
ﬁ?ﬁtah?be*seen'frem th@s;dawa,amarphine‘andvneémorphine are readily

distiﬁguiéhab]e by nmr. The same is true for hormorphine and norneo-

, morphine, whose nmr spectra are summarized in Table XXVI.

No definitive search has been made for the neo-series in the
plant. One plant extract, of 90¥day-eld pTants, did show a peak in
vpc which co-chromatographed with authentic norneomorphine (as the
peraéetaies). A crude approXimation of abundance indicated about
0.6% relative to the mokphine concentration. A subsequent extract
of 87-day-old plants failed to confirm this finding, so the results
are still inconclusive. | |

.No nedmorphine has been seen, although the presence of large
quanttties of both morphine and codéine interfere considerably with
its detection. A peak has been observed in several plant extracts
which doés correspond to neopine. Further evidence for.the presence

of these alkaloids is being sought using a gas Chromatography-mass

- spectrometer system.

U
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Table XX¥:

Chemical Shifts of Definitive Protons in Morphine/Neomorphine (8)

Neoheroin Heroin G-AcNeogjhe 6-AcCodeine

1,2 6.70 6.64 6.59 6.67
58-H 4.70 © 5.1 4.66 5.02
6-H | 5.4 5.1 5.4 5.0
7-H --- 5.8 ——- - 562
8H 5.46 5.45 5.4 © 5.36
9a-H 3.5 3.3 3.59 . 3.36
108-H 3.2 3.06 3.28 3.08
3-0CH; e e 3.8 3.85
NSt 2.44 2.45  2.44 2.43
3-0,CCH, 2.21  2.28 - .

6-0,CCH,4 1.53 - 2.14 1.49 2.15
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Table XXVI

Chemical Shifts (s)

Triacetyl- ~ Triacetyl-

Proton(s) V normorphine = norneomorphine
1,2-H 6.68 6.75
5-H 5.1 4.8
68-H 5.1 5.6
7-H 5.6 -
8-H ,5.45 . 5.6
9a-H 3.4 3.5
108-H 3.1 31
3-0Ac 2.25 2.30
6-0Ac 2,15 1.55
N-Ac 3.32 3.5

I
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ITI. CONCLUSION

The_synthetic procedures tested here do provide a suitable means
for p}eparing both neomorphine and norneomorphine. If neomorphine
is the'desfred product, the best O-demethy]ation'pfocedure seems to
~ be treatment of neopine-HBr With aqueous 48% HBr. The pveparat1on
of diacety]neomorph1ne for subsequent N- demethy]at1on to norneomor-
phine, however, is best done by making the 6—acety1neomorph1ne, in
non-aqueous'HBr/HOAt.Aand converting this to the diacetatef As noted
in the discussion, the conditions used here left some unreacted_heob
pine.':ft'seems likely that extending the time of the reaction should
bring it to comp]etion Th1s could eas1]y be fo]]owed by vpc to
determ1ne optimum cond1tions
The use of d1ethy1azod1carboxy]ate as a demethy]at1ng agent
;proves to be very successful for this type of cempound. In fact,
‘the entire procedure from diacetate to norneomorphine is much easier :
than a.corresponding Von Braun demethylation of morphine. Under
the conditions used here, it appears as if the demethylation is
near]y quant1tat1ve _

 Additional work is definitely called for to determ1ne whether
or not the neo-series of alkaloids exist in the poppy p]ant The
ava1]ab111ty of authentic standards and a suitable extract1on and

analytical procedures make such studies feas1b1e
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IV. EXPERIMENTAL

l

A. Preparation of Neomorphine

A SUspension of 2 grams of neopine hydrobfbmide in 12 ml of HBr
in glacial acetic acid (3.6 m1 of 48% HBr and 8.4 ml of Q1acia1 |
acetic acid) was stirred and heated to 145°Cvover a period of one
hour.  This was followed by 15 minutes of refluxing at 145°C. After
cooling the product mixture to room temperaturé, 12 m1'§f HZO was
added;.followed by concentrated NH,0H to near pH 7. Addifiona]

NH40H was added to the solution at 0°C, until é'éopidds precipitate
was obtained (about pH 8). This precipitate was filiéréa; to give

420 mg of a cream-co]orgd solid, crude 6—a¢ety1neomorphihel |

| 300 mg of this crude material was dissolved in 2 m1.of 2 N NaOH.
This'§d1ution was boiled for 10 minutes. After cooling only s]ightly,
the solution was added to 2 m1 of 1 M H3PO, (pH 2.5), and the re-
sulting sQ]ution was brought to pH 8.6 with additiona] 1M H3P04.
Water was also added to bring the total volume to about 15-ml. The
solution was thén extracted with 5 x 20 ml of CHC]g/IPA (3:1). The
organic extract was dried over Na,SO,, and evaporated to dryness | -~
in vacuo. The residue was part crystalline and part oil. The
crystals were removed, and dried for two hours at 100°C, 100 microns,
and then at 120°C, 100 microns, for 6 hours. This yielded 80 mg

of neemorphine, with a melting point of 210—215°C; In addition, |
20'mg of CHC13-so1vated neomorphine was obtained as a sublimate; this

melted at 107°C.
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Ah a1terndtive @ethod for preparing_neomorphfne directly from
neopine Waé'aISO tried, with some success. To I»gm'of.neopine-HBr
was added‘3.0 ml of 48% aqueous HBr. The suspension was heated
slowly to 105°C, at which time gas evolution was observed. The
temperature was then increased tov145°C over a’period of an hour.
After cooTing the solution, it was brought to pH 11, with concen-
trated NH,OH and 8 M KOH. The solution was then extracted with
2 x 25‘m1 of CHC]3 to remove any unreacted neOpine.' The pH of the
aqueouS(Soiution was ihen brought to 8.6 with H'3'P04 (cpnc.), and
extracted with 4 x 25 m] of CHC13/IPA (3:1); The organic extract
was drfed over Na2504. and evaporated to dryneds. The residue was
dried for one-half hour at 75°C, 100 microns, yielding 0.44 gm.of
a dry browhish powder, which melted over a broad range of 110-150°C.

Chromatographic analysis (tlc and vpc) showed only neomorphine.

B. Preparation of Diacety]neomorphine

The procedure used by Sma]148 was mod1f1ed s]1ght1y in the work- up
To 10 gm of neopine-HBr was added 60 m1 of aqueous 15% HBF (1n acetic
acid (18.8 ml1 of 48% HBr diluted to 60 ml with glacial acetic acid).
The suépension was heated slowly to 1]5°C, where boiling commenced,
and then to 145fC over.the next heur.. The solution waébcooled; and
Broughivto neutrality with NH40H (conc.). The solution was kept at
0°C for 2'hdurs and fhe precipitdte formed was cd]]étted to give
1,13 gm of a solid melting at 250-259°C (dec ), the reported melting
po1nt is 245 251°C (dec.). The pH of the aqueous residue was ad-
justed to 8.6, and the so]ut1on extracted cont1nuous1y w1th CH,C1,
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for 20 hours. The extract was evaporated.to dryness, and the residue

| recrystallized from 95% EtOH, to give 1.02 gm of pale ye]iow crystals,

m.p. 250-266°C (dec.). -

Thé_combined products_from above wére acetyléted with 8 ml of
pyridine and 4 m1 of acetic anhydride. This mixturevwas allowed
tovsii at room temperature for 24 hours, ax4whi¢h:fime tlc of the
reaétidn mixture showed a single spot, corresponding to the diace-
tate. The solution was evaporated jg_ggggg_to‘reduce the volume as
much as possible. It was then dried over H2504 (coné.), Under.high
vacuum, overnight. The syrupy residue was'emu1sified in saturated
- NaCl (+30 m1), and sodium bicarbonate added until gas evolution
ceased. The aqueous solution was then extracted with 2 x 100 m1 of
ether, the latter extract dried and evapofated to yie]d a yellow
syrup. Recrystallization from ligroin (b.p. 60-110°C) gave 340 mg
of dfacety]neomorphine, having a melting boint of 117-125?C (reported
me]tiﬁg point is 127-128°C). Analysis by tlc, vpc, and nmr indicated
burity. This material was used as is for the subsequent conversion

to norneomorphine.

~ C._Preparation of Norneomorphine

To 230 mg of diacetylneomorphine was added 5 m1 of benzene and
0.15 m1'6f diethyTazodicarboxy]ate. The resulting mixture wés  ;
brought to ref]ux; under nitrogen, and refluxed for 3 hours at
110°C,and.an additional hour at 115°C. The cooled solution was

evaporated to near dryness in vacuo. The residue was taken up in

3 ml of NaOH, and the resulting solution refluxed at 125°C, under
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nitrogen, for two hours. The pH of the cooled so]ution was brought
to 8.6 wfth 5% H3PO4Z The solution was extraétedVWith 6 x 30 ml of

' CHC]3/IPA (3:1), the organic extract dried over Na2504, evaporated

tb near dryness in vacuo, and then to dryness under high vacuum. -
This yieIded 133 mg of a pale yellow solid, m.p. 120-150°C (pre-
ceded by bubbling).
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