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MORPHINE METABOLISM IN PAPAVER SOMNIFERUM 

Robert John Miller 

LaW~Jlcot·.BQrkeley Laboratory 
University of California 

Berkeley, California 

June 1972 

ABSTRACT 

Until recently, morphine (1) was considered to be a metabolic 

end-product of the opium poppy,~somniferum. We were interested 

in substantiating other published results which suggested that mor­

phine is indeed degraded by the plant, as well as learning something 

about the nature of the degradation products and the pathway leading 

to them. By feeding Jabeled morphine to poppy plants via the roots, 

we have demonstrat$d that morphine is metabo1i:zed. These experiments 

suggested that normorphine (II) is an active~tabolite of morphine. 

A procedure was developed to isolate and analyze for normorphine 

found in poppy plants. When plants of various ages were extracted, 

s,ignifi cant amounts of normorphi,ne were found throughout the 1 ife 

cycle of the poppy; no'nnorphine has also been found in two different 

samples of raw opium. The hypotheSis that morphine is being degraded 

via normorphine was tested by two methods, labeled morphine feedings, 

and labeled CO2 steady-state exposures. The results of these experi­

ments indicated that the major, if not the sole, morphine degradative 

pathway involves an initialdemethylation to normorphine, which is 

Ii 
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subsequently degraded to non-alkaloidal metabolites .. The high rates 

of turnover observed led to the conclusion that the morphine alka­

:loidsdo play an active metabolic role; most likely as specific 

methylating agents. 

" . The question of the existence of bound fonns of alkaloids in 

the seeds of P. somniferum has also 'been raised. We Were interested 

in determining whether our seeds contain any forms~of alk.a1oids which 

can be released by acid hydrolysis, or if any free alkaloids are in 

the seeds. At the same time, our interest in morphine metabolism 

led us to a search of the f>')PPy plant itself for bound alkaloids, 

since these could playa role in metabolism. Both seeds and plant 

material were extracted for their free alkaloids, then subjected to 

vigorous acid hydrolysis. The seeds did show traces of both free 

and bound alkaloids, one of the latter possibly being codeine. The 

plants were found to contain alk.aloids which are released by acid 

treatment. However, no bound morphine or codeine were detected. 

The problem of distinguishing between bound alkaloids and aberrant 

products produced by the hydrolytic conditions is di.scussed. 

The recent demonstration that neopinone is present in the 

poppy plant suggests that there may exist a parallel biosynthetic 

pathway to the morphine series, to produce neopine, neomorphine, 

and norneomorphine. It was desired to obtain authentic samples of 

each of these three alkaloids, as comparison 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-acety1-

neomorphine is the product, .whereas treatment with 48% ~ueous HBr 
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leads directly to neomorphine.' Neomorphine is also obtained by 

basic hydrolysis of the 6-acetate. Conversion of either:heomor­

phine or the mono;.,acetate to the diacetate, followed by trea'bnent 

with diethylazodicarboxylate, and subsequent hydrolysis, affords 

a good yield of the new compound, norneomorphine. Initial searches 

of plant extracts for the neo-alkaloids have been inconclusive. 

(] 
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PART 1 

MORPHINE METABOLISM AND NORMORPHINE 
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I. INTRQDUCTION 

Ever since the isolation of morphine from opium by Sertllrner in 

1805,1 chemi,sts have been interested in learning more about the class 

of natural products called alkaloids. Most of this interest has 

been directed toward the i,solation and identification of new alka-

loids,investigations concerning their biosynthesis, and the in vi,tro 

synthesis of some of the more important alkaloids. HOwever, one 

major area of the study of alkaloids has ,received little investigative 

atten:Uon: the role that alkaloids play in the plants whi,ch produce 

them,. Indeed, many different theories have been proposed regarding 

alkaloid function, inc1uding: 2,3 (a) iner.t'end-products of meta'bolism; 

(b) protection from insects or other predators; (c) involvement in 

nitrogen metabolism; (d) links to general plant metabolism as methyl 

carriers; (e) and involvement as factors in the control of biochemical 

processes. Several fairly recent studies have presented specific evi­

dencefor alkaloid turnover and active metabolism of morphine in the 

opium pOppy,4-6 nicotine in Nicotiana Rustica (tobacco),7 and the 

alkaloids of the hemlock. 8 Thi$ type of evidence strongly suggests 

that the metabolism of .a'kaloids is somehow involved with other plant 

metabolic processes. 

The case of the opium poppy"PaRaver Somniferum, is a typical 

one. The biosynthetic pathway leading from relatively simple meta­

bolites to morphine (1) has been extensively studied, and is fairly 

o 
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well established.g,lD More recently, Fairbairn and Wassel have found 

marked variations in alkaloid content over periods as short as one 

or two hours_._~}n additioD, feeding experiments using radioactive 

morphine have shown that the morphine molecule is degraded to ,other 

plant metabolites, as yet unidentifiod. 6 It was felt that further 

work along 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 

all, by feeding l4C-morphine to the poppy plants, we'have obtained 

further evi dence for the acti ve, metabo 1 i sm of morph i ne, as we 11 as 

opUaining some information concerning the nature of the metab9lic 

pr:oducts. Secondly, preliminary results from some of the feedings, 

along with a logical extension of the biosynthetic 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 a native product of the poppy. Once normorphine was found, 

l4C-morphine feedings and l4C02 biosyntheses were performed to 

establish the biosynthetic relationship between morphine and nor­

morphi'ne. The results which have been obtained seem to support an 

active role for normorphine in the metabolic breakdown of morphine. 

How these results were obtained. and the implications they have re­

garding morphine metabolism an*d function, are the subject of t~e first 

section of this thesis. 
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I I _ MORPHINE METABOLISM AND NORMORPHINE 

A. His tor.i ca 1 

The earliest evidence that suggested that' morphine '(I) is not 

a metabolic end-product came in 1961, when Pfeifer and Heydenreich 

published 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 variation in the alkaloidal content. Prior to that study, 

Rapoport and co-workers had suggested that both thebaine (I II) and 

codeine (IV) are active in some way in the plant's metabolism. ll 

Their results from several l4C02 exposures indicate that the rate of 

synthesis of both these morphine precursors requires that they are 

necessari ly metabo 1 i ca lly acti ve, since the concentrati on of nei ther 

of them increases to any extent. More recently, Fairbairn and Wassel 

have used radioactive tracer techniques to measure the changes in 

morphine alkaloid content. 5 They fed tyrosine[2..l 4C] to the plants 

by allOWing it to pass through a scraped portion of the pedicel imme .. 

dia\ely below the capsule. They then scraped small samples of latex 

from the capsules and tested the alkaloidal content and activity_ 

Despite the very low incorporation of the labeled tyrosine, their 

results do indicate a turnover in the alkaloi9 content from day to 

day. 
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Fairbairn and El-Masry have also fed l4C-morphine to plants 

through the pedicel, just below the capsule. 6 They then examined 

the plants for radioactivity after certiin time periods. They noted 

(1) a fairly rapid translocation of the radioactivity from the fed 

area to other parts of the plants, and (2) that some of the radio­

activity was apparently in non-alkaloidal metabolites, in4licating a 

breakdown of the morphine molecule. 

Evidence for alkaloid turnover has also been presented for the 

nicoti~e-related alkaloids. Tso and Jeffrey have fed nicotine doubly 

! labeled with l4C and 15N to Nicotiana Rustica via the roots.7 A sig­

nificant amount of recovered activity was found in all forms of plant 

metAbolites, indicating an active role for nicotine in the plant 

metabolism. Other workers have obtained similar results with the 

Nicoti~na ~lkaloids. 

III, IV 

Thebaine Codeine 

Althoughnormorphi'ne has never been found in the po.pp'y plant or 

in raw opium, nor as a metabolite of morphine in the plant, there is 

some precedence in J'lbture for suspect.ing it. Numerous animal studies 
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have been performed, the results of which indicate significant N­

demethy1ating activity after administration of morphine to the 

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

(~%}in the 48 hr urine from rats injected with 3H-morphine.12 

Other workers have observed signi~icant 14C02 expired from mice,13 

rats,14 and man 15 after administration of morPhine-N ... 14CH3 (exPired 

activity ranging from 1-10%). 

B. Methods Used 

In the study of alkaloid biosynthesis, certain kinds of experi­

ments have traditionally been used to establish specific biosynthetic 

sequences. For example, if one wishes to show that a1kaloid.A pro­

ceeds to alkaloid C via an intenn&diate alkaloid 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 a1kalo,id 

B does. in fact, exist in the plant as a natural product. Secondly, 

precursor feedings can be used to establish the fact that the plant 

is capable of producing Band C from A, as well as C from B.Pre­

cursor feedings are most commonly done using isotopic tracers, such 

as 14C' and 15N, which provide a suitable analytical handle for such 

biosynthetic studies. The major drawback of precursor feedings is 

that the plant is necessarily subjected to an unnatural situation 

when the precursor in question is fed. Therefore, a third type of 

eXf)e,riment can be used which, for all practical purposes, duplicates 

exactly the natural conditions·" namely~ 14C02 exposures. If a plant 

is exposed to 14C02 for a short ti.me, the a 1 ka 1 oi ds ; n ques ti on wi 11 
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become labeled in the same order in which they are synthesized by 

the plant. Their relative specific activities then reflect the 

natural biosynthetic pathway. Labeled carbon dioxide exposures are 

also the easiest way to obtain labeled natural products for feedings 

or other studies . 

. All three of these approaches were used in the work to be des­

cri,bedherein. In particular, the study of the metabolism of morphine 

was first attacked by feeding radioactive morphine to the plants, and 

then effecting a crude separation of the plant products into several 

fractions by suitable liquid-liquid extractions. The sole method of 

feeding used was root feeding. There are many different feeding 

techniques which have been used for such work; however, it was felt 

that root feedings caused the least physical damage to the plant. 

Most other methods involve some physical means for introducing the 

precursor, such as injection, wick feeding, or applying the compound 

in solution to a leaf surface. In our case, the plants are routinely 

grown hydroponically. By supplying the labeled precursor dissolved 

1n nutrient solution to the plant, we feel that natural conditions 

are maintained as close as possible. One drawback to root feedings 

I is the chance of premature degradation caused by microorganisms on 

, the roots or instability to the nutrient solution,which could lead 

to incorporation of undesired compounds. Itis necessary, therefore, 

to check the integrit.y of the acthity which is not incorporated by 

the .~lant, to make certain that no aberrant degradation is occurring. 

Two different types of labeled carbon dioxide exposures are used 

in this work, as suggested previously. ' If the purpose is only to 

obtain 1 abel ed alkal o.i ds for su~sequent use, there need be no concern 
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about mai ntai ni ngspec1 fi c condi ti ons. H~ever, if the purpose ; s 

to study a biosynthetic path~ay by determining labeling sequQnces, 

it is necessary that the exposure be "steady-state". Parker has 

described the requirelllents of a steady-state exposure in detail, as 

well as the equipment used for this purpose.1 6 It will be sufficient 

for ollr purposes to mention that the major requirement is that the 

specific activity of the 14C02 must not decrease during the exposure. 

The latter type of exposure was used here toestabl hh the biosyn­

thet1~ relationship of narmorphine and morphine. The nan~ste&dy-state 

exposure was used to prepare labeled morphine, which was subsequently 

~f#.Yed in the feeding experiments, and as one means of e$tablishing 
~' . 

the existence of normorphin .. as a native plant product. The latter 

method proves to be an extremely useful tool for laoking for sus­

pected plant substituents which are present in trace amounts. Thus s 

by addl.ng cold carrier normorphtne, for example, and purifying the 

isolated normorphine to constant specific activity, the presence of 

activity is substantial proof of normorphine's exist~nce. 

C. MOrphi oe Feedt ngs > . Setj, 1 and 2 , 

1. P~eparati on of 14C;;,Morphi ne 

A 14C02 biosynthesis was'performed for the purpose of obtaining 
14 . C-morphine to be used for the feedings. Four poppy plants, 

average age of 3-3/4 months, were transplanted from vermiculite to 

nutrient solution, and exposed to a l4C02 atmosphere (50 me) for 1 

day, followed by normal air for three more days. ·The morphine iso­

lated from the plants was purified by preparative thin layer 
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chromatography, to give 10 mg of morphine with a specific activity 

of 1.15 x 106 dpm/mg. 

Since there was the possibility that active methylating agents 

could cause transmethylations to occur in the plant independent of 

the specific n1kaloid biosynthesis,ll it was decided that morphine 

labeled only in the ring, or nuclear, carbons should be used for the 

feeding experiments. We were mainly interested in the fate of the 

basic morphine skeleton, and not the peripheral methyl groups. The 

morphine 'which one obtains from a 14C02 exposure is obviously labeled 

in all carbons, including the N-CH3. It was necessary, the,refore, to 

reJiJovethe labelled methyl group and replace it with an unlabeled one. 

The sequence of reacti ons used for thi s purpose has··been worked out 

in detail for small quantities of morphine; 17 it is outlined in 

Scheme I. The morphine i,~ converted vf~ heroin (V) to not:'morphine 

with BrCN (Von Br~un re~ction),18 and the n'ormorphine N-methylated 

via N-carbethoxynonnorphine and subsequent reduction with lithium 

aluminum hydride to give back morphine. 19 After an appropriate di­

lution, the biesynthetic morphine was subjected to thi~ demethylation­

remethylation, to give 11 mg of nuc1ear-14C-morph1ne, with a specific 

activity of 270,000 dpm/mg. This represented a 25% loss of label due 

to the N-methyl carbon. which compared favorably with res.ults obtained 

in previous 14C02 exposures. 16 

2 •. Plant' Extr4ctiop andAl kal6id ISolation 

The main purposesd')f,;the·initi.ali'feed~Jl,,'.e)(per,1_n:ts were to: (l) 

establish that morphine is being degraded; (2) obtai.n tnformat.iorkre­

gar..a'os;the .Aature ofthe.:metabolites;ind .:'G3) lejrrkwhat we could 
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Demethylation - Remethylation of Morphine 

AcO 
AC20, II BrCN 

>- > 
CHC1 3 

Ac 
Morphine Heroin N-c~ano-norheroin 

fel, t:. 

HO HO 
LiA1H4/THF C1C02Et 

< 4( 
CHC1) 

NC02Et 

HO HO HO 
Morphi ne N-carbethox~normorphine Normorphine; HCl 

XBL 725-4637 

Scheme I 
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regarding the rate of morphi ne metabo 1 ism. Si nce we began with no 

prior knowl edge 'of exactly what to;)look for, i. twas fel t that any 

initial searches for metabolites should be limited. to a relatively 

small number of fractions, each. representing a rather broad, but 

so:newhat characteristic, range of compound classes. It was of major 

interest, of course, to isolate the alkaloid fraction to determine 

whether or not any of them are involved in the breakdown of morphi.ne. 

The standard alkaloid isolation procedure being used by previous 

workers here was adopted as a starting point for these studies, with 

several minor modifications. 20 This extraction scheme involves 

several con$ecuti.ve liquid-liquid separations, which provide either 

five or six fairly characteristic fractions. The procedure is sum­

marized in Scheme II. In addi.tion to the two alkaloid fractions ob­

tained, IlIA and 1118, one obtains four other fractions, whose 

chemi.ca 1 consti tUOnts can roughly be assigned on the basi s of 

separations perfonned. Thus, Fraction Ia should contain mainly 

water-soluble acidic and neutral materials, Fraction IB water- and 

organic-insolubles, Fraction II pigments, lipids, and high molecular 

weight acids, and Fracti,on IV any incompletely extracted alkaloids 

or residual acids and neutrals. In practice, the procedure was often 

simplified by extracting all thealk.aloids into one fraction, by 

skipping the pH 12 extract. 

The effi ci ency of thi s procedure for recovery of morphine was 

tested by extracting a known aliquot of l4c_morphine with some cold 

plant material. About 80-85% of the labeled morphine ends'up in the 

alkaloid fraction, while the rest is distributed fairly equally be­

tween Fractions IA and IV~ ?And represents incompletely extracted 
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Standard Plant Extraction Scheme 

Fresh, frozen 1antmateria1 

A ueous 

Centrifuge 

Sol,ds 
(IB) 

1) Homogenize in 30 m1 of 10% Na2C03 
2) Extract wi. th 100 ml + 4 x 75 ml 

of butanol-benzene (1:1) 

Or anic 

A ueous Organic 
(II ) 1) .... pH 12 with KOH 

2) 5 x 100 ml CHC1 3 

Organi c A ueous 
(lIlA) 

Nonphenolic Alkaloids 

Organic 
(IIIB) 

Ph,enolic Alkaloids 

Scheme II 

1) .... pH 8.6 with CO2 

2) 5 x 80 ml CHC1 3 

AqueQus 
(IV) 

XBL 725-4633 
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morphine. The same situation holds true for all the other major 

alkaloids encountered in the poppy. 20 The same does not hold for 

nonnorphine. however. This fact was discovered subsequent to these 

initial feeding experiments. If normorphine is subjected to'a con­

trol extraction using this procedure. it will be distributed approxi­

mately equally to Fractions I and IV. More will be s,aid concerning 

the extractability. of nonnorphine in a later section. However, 

this fact can be kept in mind when the feeding results are presented 

and discussed. 

3~ Morphine Feedings, Set 1. 

An initial series of l4C-lIlOrphine feedings was. conducted using 

several different maS$e~ of morphine in the feeCft.ng solution. It 

was desired to learn if the mass of morphine taken.,,; by the plants 

had any effect on thedistrtbution of degraeed activity. It i.s con­

ceivable to suspect th.tfair1y la.rge aases of I1lOrphtne (relative to 

the existing plant pool) could lead to. abnonnally high local concen­

trations, which in turn could activate. nonnally inactive degradative 

enzyme systems. On the other hand. one is lJ:mfted on the low side 

by increased inaccuracies du.e to lower activity. 

With these thoughts in mind, three sets of two plants each were 

fed 0.22, 2.2, and 21 mg. respectively. "J:he feeding technique em-

p 1 oyed has been referred to as Us tarvati on feedi ngll " 1n that the 

precursor (labeled morphine, in this case) is dissolved 1n a minimal 

amount of nutri ent solution, and maintained that way for the fi rst 
, . . 

20-30 minutes of the feeding~ This is to enhance the possibi.lity of 

efficient adsorption and incorporation by the roots of the poppies. 



The plants used for these feedings were 60-63 days old. At the end 

of 24 hours, the roots of the plants were rinsed with 1% Hl04, 

followed by di sti lled water, to remove any morphine which had merely 

been adsorbed, but not incorporated. These washings, in addition 

to any residual nutrient solution remaining in the feedi.ng flasks, 

were counted to detennine their activities. By then subtracting this 

unincorporated activity from the fed activity, one indirectly deter­

mines the amount of actiYi~ actually incorporated. 

Following the root wash. the plants were ki.lled by immersing in 

liquid N2, and then subjected to the extraction procedure outlined 

in Scheme II. In this case a the alk~loids were extracted together. 

The results of these feedings are summarized in Table 1. Problems 

were encountered 1n trying to count the solid phase of the plant 

mash, so only the aqueous portion has been; inc.luded here. It can be 

said with certain confidence, however, that a significant portion of . 

the activity not accounted for in each case resides in the solids. 

It should also be noted that Runs, 1 and 3 were done separately from 

Run 2, and, though the plants were of the same age. they were apparently 

not in the same condition. This fact 1s reflected by the relative in­

effic1encies of incorporation of Runs 1 and 3. 

Despf te the analytf cal weak.nesses menti oned ab.ove, certain tenta­

tive c-onclusions can be drawn from these results. Of major import, 

of course,is the fact that the morphine is indeed being degraded, 

and to a s·ignificant extent in a single day. Secondly, even accepting 

'h.e pas; ti on that a portion of theacti vi ty inFractions I and IV is 

due to normorphine, the results still suggest that degradation has 

, 
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Table I 

14C-NUCLEAR LABELLED MORPHINE FEEDINGS: SET 1 

DISTRIBUTION OF ACTIVITY AS A FUNCTION OF MASS FED 

(METABOLIC TIME = 24 HOURS) 

~ FRACTION 1 2 3 

AMOUNT FED 0.22 2.2 21 . (mg) ,.r' 

1. ROOT WASH 8% ... 13% 
39% 

2. NUTRIENT 54% 67%. 

3. INCORPORATED 38% 61% 20% 

A. MASS (mg) 0.084 1.3 4.2 

IA.PLANT MASH -
AQUEOUS ONLY·· 48% 21% 20% 

II.BuOH/Bz 5% 4% 1% 

III ALKALOIDS 14% 33% 19% 

IV., AQUEOUS 13% 5% 16% RESIDUE 

TOTAL I-IV '80% 63% 56% 
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proceeded quite far, to give mainly water--soluble and insoluble meta­

bolites.And finally, a comparison of the three feedings seems to 

indicate'that there is in fact some difference between 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 products. Due to this difference, 

it was concluded that future feedings be done using the small doses, 

since this more clearly represents the natural condition. The amount 

of morphine incorporated in Run 1 corresponds to approximately 1% of 

the total morphine pool in 60--day plants. 

Some further s tudi es were done on the aqueous porti on of the 

plant mash isolated from Run 2. First of all, it was extracted with 

CHC1 3 over a broad range of acid and base strengths (pH 2-10.5). Only 

traces of activity were thus extracted «1% for each pH tested). 

Secondly, a separation was made on the basis of the ionic character 

in aci<li c and bas i c sol uti ons, by runn; ng the materi a 1 fi rs t through 

a cation exchange column, and then running the basic materials through 

an anion exchange column. - By this sequence of operations-, it was 

fOund that about 70% of the water-soluble morphine degradation products 

were acidic or neutral in character, 21% were amphoteric, and only 9% 

basic. These results further support 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 

intention of studying the effect of feeding time on the distribution 
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of activity. Six sets of 60-day old plants (2 per set) were fed 

i dent; ca 1 amounts of 14C-morphi ne, and then a 11 owed to metabo 1i ze it 

for different lengths of'time ranging from 3 to 24 hours. Each set 

of plants, at the end of its metabolic period, was harvested and 

analyzed in the nonna1 manner to determine the distribution of the 

fed activity. Table II gives the results for the determination of 

incorporated acti vi ty. The fed morphi ne represents a .ota 1 of 0.42 mg, 

or 0.21 mg per plant. As expect~d, 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 

. prac;tically 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 l-day duration. 

Table II also presents the distribution of activity in the various 

fractions of the plant extracts. 'Several tentative concl usions can be 

drawn from these results. The amount of degradation of morphine after 

three hours of feeding is already fairly extensive, on the order of 

50%. In 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 could be a reflection of an initial 

rapid degr~dation caused by the presence in the roots of an abnormally 

high concentration of morphine. Then, once an equilibrium concen­

tration is restored, the normal metabolic rate is also restored. 

Without knowing the identity of any of the metab~lites, it iSinather 
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Table II 

l4C-NUCLEAR LABELLED MORPHINE FEEDINGS: SET 2 

DISTRIBUTION OF ACTIVITY AS A FUNCTION OF TIME FED 

0.21 mg 14C-K>RPHINE PER PLANT (55,400 dpm) 

~ 3 9 12 20 
.FRACTION 

1. ROOT WASH 44% 21% 26% 17% 

2. NUTRIENT 23% --- 23% 15% 

3. INCORPORATED 33% 79% 51% 68% 

. 1. PLANT MASH 17% 17% 10% 18% 

II.BuOH/Bz. 3% 1% 18% 1% 

r I.I .AL KAL 0 IDS 37% 16% . 24% 22% 

IV.AQUEOUS 17% 26% 24% 31% 
RESIDUE 

TOTAL I.IV 74% . 60% 76% 72% 
-

24 

32% 

6% 

62% 

15% 

---
15% 

31% 

61% 
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difficult to predict whether the initial degradation is an unnatural, 
. , ' 

induced one,or if it is still being degraded by the normal process. 

The only rea 1 trend which one sees in theseresul ts is a general shift 

in activity from the Alkaloid Fraction III to the Aqueous Residue (IV). 

The amount of activity in water-soluble and insoluble 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 

kept in mind in subsequent morphine ~edings, when the object was to 

search specifically for normorphine as a metabolite. In particular, 

in an attempt to avoid high initial concentrations, one feeding was 

done with a dilute solution of morphine in nutrient. This method had 

been used wi th success in work wi th tobacco plants. 21 Further di s­

cusslon on this problem will be included when those feed~ng results 

are presented. 

The s-usptaion tha t normorph i ne was i nvo 1 ved in the metabo 11 sm 

of morphine was given further impetus by the results of this second 

set of feedings. The decision was therefore made to concentrate on 

this particular problem. The remainder of this part of the thesis 

will discuss the work done concerning normorphine. After those 

results are presented and discussed, their implications in terms of 

genora1 morphine metabolism and the results presented up to this 

point will be discussed further. 
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D. l4C02 Biosynthesis - Search for Nonnorphine 

l. Methods Used 

In light of the preliminary findings in regard to the presence 

of nonnorphine in the poppy plant, a decision was made to run a 

l4C02 biosynthesis with the express purpose of isolating radioactive 

normorphine, by adding cold carrier normorphine to the plant workup. 

Cold carrier morphine would also be added, in hopes of deducing the 

relat1ve quantities of these two alkaloids in the plant. Prior to 

doing this experiment, an efficient means of extracting normorphine 

from aqueous solutions was discovered. By shaking the solution con­

taining nonnorphine at pH 8.6 with six portions of CHC1 3/isopropyl 

alcohol (3:1), one can effect an 80% recovery. Since morphine is 

quantitatively recovered using this solvent, the decision was to re­

place CHCl 3 with CHC1 3/IPA in the plant extraction procedure (for the 

phenolic alkaloids, only). 

The method of purification and analysis chosen for this run was 

to purify the normorphine first by preparative tlc, to remove all 

traces of morph i ne, and then convert it to codei nemethy.l ether (vI) 

with dimethylsulfate (Scheme 111).23 The latter would then be purified 

to constant speci fic activi ty by preparati ve thi n-1 ayer chromatography 

and sublimation. The morphine would be demethylated to normorphine, 

so that one would be comparing only the ring carbons. 

2. Resul ts 

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

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

One was to feed a moderate amount of l4C02 ' initially, and let the. 

plants metabolize for a longer time (4 days) with l2C02 ; or a ·larqe 

amount of l4C02 could be used, so there would be enough to have a 

hot atmosphere throughout the entire (shorter) biosynthesis. The 

latter approach was chosen for several reasons; one, it is easier to 

keep the plants hqalthier for a shorter time (2tkws; in this case); 

and, secondly, this approach would be expected to give fairly com­

parable specific actiyities in the morphine and normorphine, if the 

conversion ;s relatively facile, that is. Therefore, 2 days was 
. 14 . 

chosen, and 120 mC of CO2 was fed to the 10 plants, aged 75-90 days, 

over a peri ad of nearly 30 hours. A small amount of l2C02 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 14C02 as 

possible. The plants were worked up nearly as usual at the end of 

48 hours, with the exception being that the phenolic alkaloids were 

extracted at pH 8.6 with CHC1 3/IPA (3:1), rather than CHC1 3. 100 mg 

each of morphine and normorphine were added as carrier to the ground 

plant material before the extraction. The crude phenolic alk~loid 

product was immediately separated into its components by preparative 

tlc. The t1c, as expected, showed mainly normorphine (HI, 0.10) and 

morpM ne (Rf 0.30) wi th a few other very fa; nt spots. The morph i ne 

and normorphine 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 minutes, before filtering 

through a Millipore filter. The mass of the eluted alkaloids was 
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determined by vpc. This indicated recoveries of 13% and 36% overall 

for normorphine and morphine,respective1y. 

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 

normorphine that could also be converted to CME. This included 

morphine and codeine, both of 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 morphine in normorphine was a liquid-liquid chromatographic system. 

A good separation was obtained, using a one-foot column of silica gel, 

and eluting with CHC1 3/MeOH/Et3N (2:1:0.1%). Morphine had a re~ention 

time of about 1 minute, while normorphine's was nearly 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 
14 . 

too good, being on the order of 2 ~g. Anyway, an aliquot of the C-

normorphine from above was run through this column, corresponding to 

about 100 ~g normorphine. No morphine peak was observ~d; however, 

there was another very strongly uv absorbi ngband at about 30 ~conds. 

A crude collection of the two peaks was made, and each was counted; 

this indicated that 65% of the activity was in the compound with 

short retention time, while only 35% was in the normorphine peak. 

However, this was of no great concern, as long as this material did 

not give eME upon methylation (which would seem quite unlikely). 
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The important fact established was that there Was less than 2% mor­

phine in this crude 14C-normorphine. 

With this in mind, a preparative thin-layer was run on 10 mg of 

coldnormorphine intentionally contaminated with 0.4 mg (4%) 14C_ 

morphi ne (480,000 dpm). Three bands were cut from the plate after 

development and eluted as before with MeOH: normorphine, the band 

between normorphine and morphine, and morphine itself. The latter 

was visualized by running a morphine standard along the edge of the 

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

Table III 

Band Acti vi tl ~ d~m} %-

Normorphine 12,300 2.4 

(Norm-Mar) 122,000 24 

Morphine 381,000 74 

Total: 515,000 100 

~ ~ 
in(l; cated a recov"y -of only 2.5 mg of no'rrnorphi ne. Thi s was chroma-

tographed once more, with the results shown in Table IV. Only about 

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

Table IV 

Band Activitl (dpm) % 

Normorphine 4000 100 

(NM-M) 0 0 

~rphine 0 0 



-25-

curious at first glance, and one would seem to be led to the con-
." i 

elusion that it is impossible to eliminate all the rnorphin~ from 

normorphine. However, a more likely explanation is that there was a 

14C-normorphine contamination in the 14C:..morphine being used, since 

the latter was obtained from the former in the demethylation­

remethylation of biosynthetic i4C-morphine. So the conclusion from 

this study was that one preparative t1c was enough to completely 

eliminate a 4% morphine impurity from normorphine. Therefore, one 

more tlc was done on the crude 14C-normorphine from the biosynthesis. 

The conversion of the normorphine to CME Was carried out in a 
, 24 

manner simihr to that used by Blaschke on 50-100 mg of normorphine. 

A large excess of dimethylsu1fate was used to ~ssure complete con­

version to CME-methosulfate, the ratio of Me2S04 to normorphine being 

on the order of 100:1. A total of 580,000 dpm (65% of starting 

activity) was eluted from the ion exchange co1u~n as the methochloride 

salt of CME. This was then pyrolyzed to give CME. Two overlapping 

spots were observed on the tlc of this product, eME at Rf 0.41, and a 

second compound at Rf 0.39, initially presumed to be codeine. Since 

codeine and CME co-chr.tNntdl~ on vpc, and give essentially the 

same mass responses., one coul d deduce from ,vpcthat there was ,about 

2.8 mg of CME (plus codeine). However, th'ere was a second peak in 

the vpc,,;!:With a retention time of 4:00 minutes, compared to 5:05 for 

CME. Therefore; it was decided to try and purify the CME by prepara­

tive tlc. An analytical thin-layer chromatograph showed eME (Rf ).41) 

and codeine (0.28) we'-t separated, and illso gave the first indication 

that the impurity was not codeine. The CME banq was elL!t~d with MeOH, . ,,'," 

as were a band imnediately precedin~ CM~ (Rf 0.35) ,and a third band 
\ . , ,. .,.~ ~ 
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at Rf.75. These were each counted, and analyzed by vpc, tlith the 

results shown in Table V. It is quite obvious that the Pre-CME co~­

pound from the prep. t1c is the 4:00 peak on vpc, and, therefore, is 

Table V 
Spec.Act. 

Band Acti vit~ VPC: Ret. time ~~k. ht} Mass ~mg) (di!m/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) 

Rf 0.75 43,900 No peaks 

not c.odeine. The figure for specific activity of the Pre-CME compound 

was calculated assuming a similar mass response a~· CME. The fact that 

the two specific activities are fairly close would lead to the conclu­

sion that Pre-CME is also derived from normorphine. 

Further ,information on this aspect of the purification was ob­

tained when the l4C-normorphine derived from the biosynthetfc 14C_ 

morphine was converted to CME. This CME showed nearly the same 

behavior on tlc and vpc as that obtained from. the biosynthetic normor­

pb·hte. Thus, it showed two major spots on tl c, wi th Rf I s of 0.41 (eME) 
. " 

and 0.35, as well as two minor spots, Rfs of 0.02 and 0.45. The eME 

recovered from a single preparative tlc gave two peaks on vpc, at 4 

minutes and 5 minutes (CME), in the ratio of 1 to 12 respectively. 

The band wi th Rf 0.35 was a 1 s a eluted, and it s hawed a UV spectrum 

With~H 279, 302, and 313 nm; the major peak on vpc was the one at 

4 minutes. One product we might expect from· this reaction is a methine 

(as in the Hoffman degradati on). Indeed, a-codeimethi ne (VI1)25 has a 
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UV spectrum with }..~!~ij::2)S "m t e: = 10,700; 315 nm, e: = 2,700. The 

methylation reaction would yield the methyl ether of a-codeimetMhe, 

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 normorph1ne and morphine 

from the bi osynthesi s ~,,;thenpurlf1,lf!d;;codQi·ne '. _' .... 

'methyl ether from each wassubl1med. and a portion was accurately 

weighed, and counted by directly dissolv~ng it in scintillation 

solution. The final results thus obtainedaresuJII1larized in Table VI:. 

Despite the concerns with impurities, these data definitely imply that 

nonnorphine does exist in the poppy plant. 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 

subsequently), then the fact that equal quantities of each was added 

as carrier should mean that their final relative specific activities 

reflect their relative native,abunda'nces. This would say, there~ore, 

that the normorphine/morphine mass ratio is on the order of 1-2%. 
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Table VI 

14CO - BIOSYNTHESIS .-. 2 --.;;=.,;;..:;..;.;.:...:..;.;.;== 

Compound 

I. 14C02 fed (120 mC total) 

II. Morphine 

A. Total 

B. Nuclear-label (as CME) 

III. Normorphine (as CHE) 

IV. Ratio: Morphine/Normorphine 

Specific Activity (dpm/lI1JIOle f) 

120 x 109 

105 x 106 

96 x 106 

1. 12 x 106 

86/1 

E. Nonnorphine IsolatIon, Purificatjon and Analysis 

The preliminary search for normorphin'e from the 14C02 biosynthesis 

pointed out numerous flaws in the overall procedure, the major ones 

being the low recovery of normorphine lising ~~ standard alkaloid ex­

traction procedure, purification of the isolated normorphine. and 

lack of a sensitive analytical mean's -for detecting normorphine. All 

of these factors become extremely limiting when one is searching for 

small amounts of a natural product. How these problems were overcome 

is the subject of this section. 

1. Normorphine I$pl.ti~n 

As mentioned previously, the problem of extracting normorphine 

from aqueous solution had been solved by switching to CHC1/IPA (3:1) 

as the extracting solvent. However, it was obvious from the low 

" 
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recovery of normorphine in the 14C02 biosynthesis that at least one 

other step in the plant extraction was inefficient for normorphine. 

To check for the inefficient step(s), a known ~unt of labeled nor­

morphine was added to some ground plant material. The plant was 

then ground almost as usual, after adding 21 ml of 10% Na2C03 and 

10~ ml of BuOH/benzene (1:1). One difference waS that the grinding 

was done for a longer time (15 minutes for first and second grinds, 

and. 5 minutes for third). Another difference was that only three 

butanol/benzene extracts were made, and each was kept and counted 

sep.arately, to gi ve some idea of the effecti veness of each gri ndi ng. 

The, countings were made by dissolving known aliquots in aqueous scin­

tillation solution (125 ml Bios.olv. 88S-3, 50 m1 of Fluor Concentrate 

II, and 825 ml of toluene). This aliquot was one m1 for all the 

butanol-benzene extracts and the aqu,ous ~tion of the plant mash, 

and 100 ~l for the initial 14C-normorphine in 10% Na2C03• The results 

of this experiment appear in Tab'le VII .. 

Table VII, 

SamE1e Count {dt>ml " Percent of Total 

1. l4C~Normorphine added 

to blender 6,200 100 

2. BB Extract I (100 ml) 2,400 39 

3. BB Extract II (l00 m1) 630 2 

4. BB Extract III (75 ml) 110 2 

5. Aqueous Residue (after 
removal of solids) 3,000 48 

6. Total Recovered 6,140 99 
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Two conclusions can"be drawn from these results concerning this 

fi rs t step of the ex traction- procedure. Fi rs t, normorphi ne is 

definitely being left behind in the aqueous mash to a large extent, 

much greater than one would like. And secondly, one appears to 

approach a limit as fir as removing more of the normorphine. In hand 

with this, it is apparent that the traditional grinding with five 

portions of butanol-benzene is unnecessary, that two, and at most 

three, such 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. Thus, a likely explanation 

of th'is problem 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 normorphine extraction, or that these 

conditions change as a result of the extraction process. A secorid 

experiment was performed with this question in mind, taking the 

logical approach that if the pH is maintained by using a buffer, this 

variable can be Overcome. 

The buffer chosen was Cl ark and Lubs:~ borat~':.. 26 prepared from 

twoS-tack solutions, one being 0.1 M boric acid in 0.1 M KC1, the other 

0.1 M NaOH. This buffer was chosen since it is reported to be highly 

effective over the pH range of 8 to 9, which is precisely the range 

desired here. A single poppy plant, about 90 days old, was extracted 

as before with butanol-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 extractions 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 extract the butanol-benzene phases with H3P04 (1 M, pH 2.5), adjust 

the pH of the latter to 8.6, and re-extract with four portions of 

CHC1 3/IPA (3:1). From previous checks, the latter process, from BS 

to CHC1 3/IPA, yields about 50% recovery of normorphine. Therefore, 

the amounts of normorphine found .in the CHC1 3/IPA extracts have to be 

doubled for comparison with the previous radioactive experiment. 

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

Table VIII 

mg'NormorEhine Percent of Original 

1. Initial nonnorphine lQ.6. 100 

2. Extract I 

- CHC1 3/IPA 1.45 (l4) 

- BB (by extrapolation) 2.9 .27 '-v 
3. Extract I I 

- CHC1 3/IPA 0.55 (5) _, . 

- SB (by extrapolation) 1.1 '.12. 
4. Aqueous (by subtraction~ 

1 - (2 + 3)) 63 

by comparing with a standard curve of normorphine quantity versus de­

tector response. These resul ts can be seen to be very simi lar 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 not the determining factor for increasing 

extraction efficiency. 
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It becomes apparent from these additional controls that the 

first step of the extractton process is the culprit. The original 

thought was that a change of organit solvent might be called for. 

Another approach, however, is to change the pH of the aqueous portion 

of the extract, and make it acidic. The alkaloids will be extracted 

from the plant into the aqueous acid, in which they 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 centrifugation, can then 

be adjusted to the proper pH, for extraction into organic solution, 

from which the alkaloid extract can be directly analyzed, either free, 

or after acetylation. This procedure essentially eliminates the for­

merly troublesome step, and should (and does: see below) give a much 

higher recovery of normorphine. Of course, this procedure is not 

generally applicable as an alkaloid extraction, since thebaine, and 

possibly other alkaloids, undergo degradation in the presence of 

strong acid. 27 However, ~ince all we are interested in now is the 

identification of nonnorphine as a nati.ve 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, to which had been added 19.4mg of cold nonnorphine, was ex­

tracted with 1 N Hel, in the presence of butanol-benzene. The 

procedure used was otherwtse siroil ar to that used formerly, in terms 

of grinding and removing BB supernatant. Two portions of BB were 

. I 

, ! 
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used, but only a single portion of acid. Centrifugation effected a 

separation of the aqueous aci.d from the plant mash. Extraction at 

pH 8.6 with CHC'3/IPA (3:1) then gave the alkaloids, which were 

dried, and analyzed by vpc. Comparison of the extracted normorphine 

with normorphine standards indicated the recovery of 9.8 mg (50%) of 

ng~orphine by the extraction scheme. Another 0.5 mg was recovered 

fr~ the.BB extract, implying that some was again left behind in the 

plant mash. However, if one assumes the extraction from aqueous to 

CHC1 3/IPA (3:1) to be 75% effective, then, by interpolation, one ca-n 

conclude that the initial extract from plant to acid is also about 

75% effective. It seems likely that extraction of the residual plant 

mash with a second portion of squeous acid may bring the latter figure 

to 90%., and, hence 60-70% recovery overa 11 . 

A final, complete extraction of a plant, wi.th added carrier nor­

morphine, was performed, to test the recovery of normorphine. A 

single 20-gram plant was used, and 10 mg of cold normorphine added 

to the ground plant before work-up. The work-up included two separate 

portions of 1 N Hel for the three-phase grindi.ng process. Calculation 

of the recovery of normorphine was done by comparison of vpc peak 

heights of known amounts of normorphine. This indi.cated 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 HCl in the grinding. 

Since the final extraction step from aqueous solution to CHC1 3/IPA 

(3:1) has been shown to be only 75% effective, it appears as if the 

initial extraction from plant mash into aqueous acid is 100% effective 

wi th the two portions of aci, d us ed . 
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2. Purification and Analysis 

The approach used for the biosynthesis to purify and analyze the 

normorphine is acceptable if one has a relatively large quantity of 

it. However, if only several hundred micrograms is isolated, losses 

must be minimized, and a sensitive analytical method employed. In 

fact, if the analysis can be made in the presence of rither alkaloids, 

then purification is not as major a problem. Hope for such an approach 

came with the discovery of a gas chromatographic system which sepa­

rated m,orphine and normorphine. The column was 6 feet of 3% OV-17 

(silicone, 50% methyl, 50% phenyl) on Aeropak (100-120 mesh), packed 

in a glass column. The use of the all glass system has been found to 

enhance the sensitivity and reduce the tailing of the morphine alka-

10ids. 15 At a temperature of 250°C, morphine has a retention time 

of 5:10, and normorph;ne 6:00. The desire was to analyze for small 

amounts of normorphine in morphine. In practice, however, the limits 

of normorphine resolution combined with the morphine tailing made 

quantitation difficult. 

Anders and Mannering have reported using the peracetates of the 
- -

morphine alkaloids for gas chromatographic analysis. 28 They obtained 

their information by direct on.,.,column acetylation, by co-injecting 

aceti c anhydri de. Thi s was tried wi th amorphi ne-·nor1ll0rphi ne mi x, 

and gave a series of peaks, not unexpectedly. Thts was discarded 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. 



-35-

After only one-half hour of reflux, two distinct products were ob- , 

served, at Rt-'s of 70 and 75 (compared to5 for normorphine), and 

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

two hours, the two product spots had coalesced, mainly due to a larger 

quantity of the higher Rf spot. There was still' a small spot for 

normorphine ('\15%). The refluxing was continued for 18 hours, fol­

lowing the published recipe; i,n retrospect, this long time period is 

not necessary -- six hours 1S probably 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 Table IX). The peak at long retention 

time was the only one in the product. NMR of the product clearly 

indicated that it was the trts-acet~te. 

Compound 

Normorphine 

Acetylated normorphine 

Heroi n 

Table IX 

Vpc Retention Time 

5:40 

32:20 

8~30 

A mixture of morphine and normorpnine was then acetylated in the 

same manner. Tlc of the reaction mixture just prior to the onset of 

reflux showed the normorphine completely acetylated, and the morphine 

was gone after a total of six hours of reflux. The normorphine ester 

had an Rf of 70, and heroin an Rf of 63 (the latter was compared with 

a standard sample of heroin). Vpc analysis of the product is sum­

marized in Table X. The peak at 5:45 in the product is apparently 



Compound 

Normorphine ester 

Heroin 

Morphine + nonnorphine 
acetylation product 
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Table X 

Vpc Retention Time 

32:00 

8:20 

32:QO, 8:20, 5:45 

due to unreacted morphine. or possiblymono-acetylated morphine. The 

same peak was observed, in smaller relative amount, i.n the supposedly 

pure sample of heroin, and was also seen on tlc, 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 acetylation is remarkable. 

But several other benefit, were gained at the same time. The resolution 

of the normorphine was significantly enhanced, the lower limit of 

detection decreasing from about 200 nanograms to 50 nanograms. The 

peracetates were also found to be easily separable by thin-layer 

chromatography, which provided a good means of purification. And, 

finally, the nonnorphine-AC3 was stable to tlc conditi.ons, and to gc 

condi.tions below 235°C, both of which help eliminate the problem of 

losses encountered with free normorphine base. 

To find the best tlc system for separating the two peracetates 

in question, several systems were tried. Table XI lists the results 

of thi s tes ting. The cnoi, ce was made to use absolute EtOH/ ~H (1: 4) 

for the initial separation of tne acet,ylated mixture of crude plant 

alkaloids, when the desire was to purify the peracetates for 

• 
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Table XI 

Tlc of Morphine and Nonnorphine Peracetates 
R IS 
-f-

Plate Characteristics Solvent Sl:stem Morphine- Normorphi ne-

. A~2_ ~ 
l. Sili.ca gel, Eastman, abs. EtOH/ben~ene 

1 00 II th i c k , (1: 4) 45 : 68 

w/fluor. indo 

2. II CAC1 3/MeOH/NH l (3:1:tr) 65 72 

3. II abs. EtOH/ ,H (1: 9) 32 43 

4. II abs. EtOH/,H (1:2) 42 61 

5. II 95% EtOH/ ~H (l: 4) 42 58 

6. Homemade sil i ca 

gel, 250 II abs. EtOH/,H (1:4) 27 53 

subsequent specific activity analysis (as for 14C-:morphine feedings and 

14C02 exposures.) 

3. Control Experiments 

The resul ts concerning the. pres.ence 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 experimentally that no normorphine is produced 

from morphine by any step in the plant work ... up, or in the subsequent 

analytical manipulations. It is also of interest to know that normor­

phine is not being produced from some other unknown or unsuspected 
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native plant product; however, I can conceive of no experiment at 

this point that could answer tbat question. Therefore, it is felt 

that if one shows that no normorphine is produced from morphine by 

the work-up proc;::ciq,ure, control criteria will be adequately met. 

Before any checks were made on the exltraction procedure, the 

morphine which would be used was tested for purity; vpc showed that 

it did, indeed, contain at least two impurities, one which looked 

suspiciously like normorphine. When this bottled morphine was acety­

lated, there was found a significant amount of normorphine.,.Ac3 (about 

1.3%). Puri'fication 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 heroin which has been used as standard 

material also contains a Si-9~ificant. amount of nonnorphine-Ac3. This, 

therefore, was not used further 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 determi.ned foreach.- . 

sample, and a plot of peak area ratios versus mass ratios prepared 

(Figure 1). 

Two different checks were run on the total extraction procedure, 

using 1 N HCl 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 l4c.,.morphine, with plant material. Both these 

checks produced significant amounts of normorphine (2 - 2.5%). Further 
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Table XII 

Control Experiments 

ResulJs 
No. Procedure Tested . NMlM.' ~At.. :"L.VW J 

ather 

l. Pure morphine from bottle. ,Trace of 
.:. .t~ f 

normorphine 
2. Heroin from stock. 1-2'% 

3. Acetylation of bottled morphine. 1.3% 

4. Sublimed morphine, acetylated. 0·.4% 

6. Morphine through HC1/BB extrac-

tion procedure, without plant. 2.5% 82%" recovery 

7. 14C-morphine + plant + carrier 

normorphine. 2.2% 

9. Total procedure without plant 

or blender, + morphine. 0.3% 

10. Morphine + HCl + BB + air, 70 0 e 
for 15 minutes . 0.8% 

ll. Morphine + H3P04 (l M, pH 2.5) 

+ BB + air, 70°C, 30 minutes. 0.4% 

12. Repeat 10, + hydroquinone, 70°C 

for 25 minutes. 1.8% 

. " 14 • Normorphine extracted via modi-

fied procedure. without 

plant, with blender. 50% recovery 

15. Morphine + blender, modtfied 

procedure, temp. less than 40°C. 0.4% 100% recovery 
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control experiments {nos. 9-12} seemed to implicate the blending 

process as the culprit, i.e. the combination of heat, air, and 1 N 

He1. Thus, when no heat is applied {no. 9}, there is no ~ignificant 

production of normorphine; likewise, when the aqueous phase was 

changed to a buffered acid, no normorphine was produced {no. 1i}. 

Finally, when morphine was subjected to a complete extraction, using 

H3P0
4 

(1 M, pH 2.5) instead of 1 N Hel, and keeping the temperature 

of the blend below 40°C .by putting the blender on ice when necessary, 

there was again no significant production of normorphine. This modi­

fication was subsequently used for the 14C02 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 favor morphine by a factor of 2. This represent~ a signi­

ficant loss of efficiency for normarphine, when compared to that 

obtained using He1. 

The studies of normorphine isolation and analysis, and the con­

trols, led to a definiti.ve procedure for subsequent nonnorphine 

studies. The modificatiQn~ of the standard plant 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 entire process 

is outlined in Scheme IV. It should be emphasi.zed again that this 

procedure is not necessarily useful for general plant studies. The 

experience gained here from the control experiments is adequate 

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

Fresh frozen 

Aqueous mash 

Centrifuge 

So ids 

Repeat blending 
and BB extraction 

Org~niC ~b 
Centrifuge 

1) Homogenize with 75 ml H3P04 
(1 M, pH 2.5) 

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

Or anic 

Organic 

I-~------ Aqueous Acid 

SOllds 1) ~pH 8.6 with Na2C03 
2} 6 x 150 ml CHC1 3/IPA (3:1) 

Or ani c Agueous 

1) Dried, evaporated 

2) AC20, 8 

3) Evaporated 

Acetylated Alkaloids 

XBL 725 .. 4634 

Scheme IV 

: 
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F. Presence of Nonnorphi ne in Poppi es and OpiUIJ!' 

Since nonnorphine had never been reported as a native plant alka­

loid, it was of interest not only to establish that it did exist, but 

also to detennine its relative a·bundance as a function of plant age. 

The hope of such a study was that i.t might give some clue to the bio­

synthetic relationship of morphine and nonnorphine, especially in 

conjunction w.ith the results from morphine feedings and l4C02 exposures. 

A series of plants of various ages was, therefore, extracted via 

the modified alkaloid extraction procedure, and the ratio of normor­

phine to morphine at each age determined by vpc analysis of the 

acetylated extracts. A certai.n number of these extracti ons were 

perfonned using 1 N HCl as the initial aqueous phase, before it was 

dhcovered that this led to aberrant normorphine production. The 

ngnnorphine/morphine mass ratios found for these initi.al extracts 

were corrected for this aberrant nonnorphine. Subsequent checks 

using b~ffered Hl04 as the aqueous phase showed the corrections to 

be valid within experimental error. 

As menti oned previ OUS ly, to avo; d any errors caused by i. rrepro­

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 detennined at the same time. The results for the morphine concen­

tration as a function of plant age appear i.n Figure 2, and the 

normorphine/morphine mass ratios in figure 3. The youngest plants 

looked at were 20 days old. At this age, the plants are only a few 

centimeters tall, and still in the immature stage with respect to 
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morphine biosynthesis. Codeine and thebaine are much more abundant 

than morphine. Though there was very little of each, an approxi­

mation could be made that normorphine was present to the extent of 

10% of the mass of morphine. All the other figures 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 chronologi,cal age can vary greatly in extent of 

development, size, etc. The plants studied here were all grown within 

three months of each other, to try ·to avoid differences caused by 

seasonal conditions. The major point, therefore, to be drawn from 

these results is the significant downward trend of the normorphine/ 

morphine mass ratio with age. Although the ratio decreases, however, 

the absolute concentration is increasing slowly. What these results 

might mean in terms of morphine and normorphine metabolism will be 

discussed after presenting the bi.osynthetic studies performed. 

In addi tion 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 s.howed a normorphine/morphine mass ratio of 3.1%, 

with morphine comprising-12.S% of the weight of,theraw .. opium. Indian 

Op1um, on the other hand, had less morphine (7.0%), but a significantly 

high.er 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 tw.o samples were dtfferent was 

obvious, since the Turk.ish 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 di.fferent species of P. somniferum 

" 
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I 
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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 isolation of morphine. These 

results also explain why there was a trace of normorphine in our 

commercial morphine. 

G. Morphine F~edin9~, S~t 3 

With the knowledge in h.and that nonnorphine does. exist in the 

plant, two labeled morphine feedings were performed in an attempt to 

show that morphine is, indeed, the direct precu~or to nonnorphine. 

The first one employed the dilute feeding technique, with aeration. 2l 

It was hoped that this method would give good incorporation, and be 

~omewhat closer to the natural greenhduse conditions under which the 

plants were grown. Unfortunately, the morphine was subsequently 

found to be somewhat unstable to the aerated conditions. Though 

this,~nstabil; ty appeared to be of no major concern regarding the 

inc·orporation of activity into normorphine, nevertheless a second 

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

1. Morphine Feeding Number 5 

Three 72-day-old plants, ~ach weighing about 25 grams, were fed 

a solution containing about 10 mg of 14C-morphine (3.14 x 107 dpm/mmole) 

in 300 m1 of poppy nutrient. The incorporation of activity was fol­

lowed for the first 4.5 h.Qurs by counting an aliquot, and estimating 

the volume of remaining nutrient. Enough nutrient was added periodi-
I • ) • . 

callY,thereafter to maintain the level near ~OO ml. The plants were 

kill ed after 22 hours, and the activi. ty remai n;ng in the nutri ent and 
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in a root wash were detennined to calculate the total activity incor­

porated by the plants. This incorporation data is summarized in 

Table XIII. As has beenconmon1y true in the past, a good portion 

(~50%) of the residual unincorporated activity is removed by an acidic 

wash from the plant roots. 

Table XII I 

Incorporation of 14C-Morphine 

Time (hrs) 

0 

1 

2 

3 

4.5 

22 

Total 14C incorporated 

(by subtraction): 

Total Count in N~trient 

1,170.000 dpm 

640,000 II 

720,000 II 

600,000 . II 

466,000 II 

406,000 " 

764,000 dpm 

As Percent of Fed 

100 

55 

61 

51 

40 

35 

65% 

Work-up of the plant material was done by the aqueous acid-butano1-
I' ben.zene procedure, after adding 10 mg of cold carrier nonnorphine to 

the plant material. The distribution of the incorporated activity 

into the four major fractions obtained by the extraction procedure is 

summa·ri zed in Table XIV. 

To check whether the i ntegri ty 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 Attivit~ As P.erteot of I"~orQorated 

_ ,I. Plant Mash 358,000 dpm 47 

II. Butanol/benzene 32,000 II 4 

III. Residual aqueous 157,000 II 20 

IV. Crude alkaloids 229,000 II 30 

Total Recovered: 776,000 dpm 101% 

combined and extracted at pH 8.6 with CHC1 3/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 obtained gave a single peak 

on vpc, with a retention time of 5:53 (morphine has a retention time 

of 4:40). Assuming a mass response identical to that of morphine, the 

speci fi cacti vi ty of thi s compound was quite close to that of the mor­

phine originally fed. SUbsequent treatment of it with refluxing Ac20 

gave a peracetate which co-chromatographed with heroin. To check 

whether this conversion of morphine w~s caused by ,the; method of feeding, 

11.7 mg of morphine was di.ssolved, in 300 ml of nutrient solution, to 

which was added portions of roots from several plants and an air 

bubbler, as i,n the feeding experiment. After four hours t the solution 

was extracted at pH 8.6 to recover the alkaloids. The dried alkaloid 

residue gave two peaks on vpc, ,at 4:40 (morphine) and 5:40 (same as 

above). The latter peak was twice as large as the morphine peak. 
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The morphine degradation product was separated from the morphine by 

preparative tlc; the Rf'S were 40 and 20, respectively. The chromato­

graphic data seems to indicate a mono-acylated type of compound. The 

mono-acetate which one sees first in the acetylation of morphine to 

heroin has similar chromatographic properties. In addition, nmr of 

the degradation product, though not definitive .with regard to absolute 

structure, shows the N-CH3 sti 11 intact. The fact that the bulk of 

the unincorporated activity resides in this product seems to imply 

that it is taken up by the plants very slowly (if at all) relative 

to the morphine. This, along with the preliminary data on structure, 

makes it highly unlikely that the degradation product will lead to 

aberrant normorphine production in the plant. 

The normorphine-Ac3 and morphine-Ac2 were separated by prepara­

the tlc, using EtOH/benzene (1:4) as developing solvent. Subsequent 

vpc analysis of the eluted normorphine-Ac3 showed only one other 

peak, with a retention time of about 3 minutes. Therefore, a second 

preparative tlc was done, developing this time with CHC1 3/MeOH/NH3 
(3:l:trace). Only 9 trace «1%) of the 3-minute peak remained. This 

material was used as is to determine the specific acthity. of nor­

morphine. The morphine-Ac2 obtained from the first preparative tlc 

was contaminated with codeine-Ac .. Since the conversion of morphine 

to codeine does not occur,20 the specific activity of the morphine-Ac2 
could be determined from this product, by assuming all the activity 

is in the morphine-Ac2. These results are surmnarized in Table XV. 

. , 
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Table XV 

Feeding Number 5 Results 

Sample 

I. Morphine incorporated 

II. Recovered alkaloids 

A. Morphine 

B. Normorphine (10 mg 
carrier added) 

c. Total 

III. Crude alkaloids (before 
i*rification) 

Mass 
ir!Jgl 

7.0 

5.4 

4.75 

2 .. Morphine Feeding Number 6 

Specific Activity 
(dpm/mmole) 

3.14 x 107 

1.07x107 

0.097 x 107 

Total 
Activi ty 

(dpm) 

760,000 

202,000 

17,100 

219,100 

229,000 

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

nuc1ear-14C-morphine {751,000 dpm}. The amount of nutrient was kept 

to a minimum for the first six hours, at which point the roots were 

rinsed in dilute acid. The plants were then allowed to metabolize 

the incorporated morphine for an additional 18 hours, or a total of 

24 hours. The plants were worked up as usual. The incorporation 

and distribution results are summarized in Table XVI. The distri­

butive results are not much different than from the aerated feeding, 

except for a drop in the activity in the aqueous residue. The incor­

poratipn compares favorably with that which has b~n observed for a 

six..,hour feeding in the past. 
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Table XVI 

Incorporation and Distribution of Activity 

Fraction 

Fed morphine 

Nutrient and root washes 

Incorporated 

I. Plant mash 

II. Butanol/benzene 

III. Aqueous residue 

IV. Crude alkaloid 

Total recovered: 

Activity 
(dpm) 

751,000 

470,000 

281,000 

102,000 

11,500 

24,400 

111,000 

249,000 

As % of Fed 

100 

63 

37 

As % of I ncorpora ted 

36 

4 

9 

39 

88 

Before the crude alkaloids were acetylated, the mass recoveries 

of morphine and normorph5ne were determined by vpc comparison with 

standards. Of a total ·of 14.7 mg of carrier norrnorphine 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. 

After acetylation, the mass ratio was 1.08, which, within experi­

mental error, indicates that no morphine is transformed to normorphine 

by the acetylation conditions, nor is there any other. significant 

destruction of either of the two. 

. i 
! 
! 
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Both the morphine and the nonnorphine (as their peracetates) 

were purified by preparative tlc to constant specific acUvity. 

The total results are sUllll1arized in Table XVII. The activitY're­

covered as morphine and normorphine represents only, 77% of the 
i 

total activity recovered in the crude alkaloid fraction. However, 

the 'bulk of the remaining activity came at the origin of the first 

preparative tlc, and is apparently non-alkaloidal impurities. 

Table XVII 

Feeding Number 6 Results 
Total 

Mass Speci f'l c-AcUvi 1:y ActiVity 
. Sample lm9l (Qpmlnmole} {dem} 

I. Incorporated morphine 2.6 3.l4xl07 281,000 

1I. Recovered alkaloids 

A. Morphine "5.,6 3.9 x 106 83,000 

B. Normorphine 7.8 0.075 x 106 2,000 

III. Total plant alkaloids 

A. Morphine * 7.5 3.9 x 106 103,000 

** ~3 x 106 B. Normorphine -vO.4 4,000 

IV. Metabolized morphine -- ... -"'--, 174,000 

* Based on 75% recovery of morphine 

** 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 made on the 

integrity of the. residual unincorpQrated.activity. Analysis of the 

extract from the nutrient and root washes by vpc and tlc indicated 

only morphine, and its specific activity was unchanged. 

Table XVIII presents a condensed summary of both feedings. The 

total activity existing in the plants as morphine was calculated by 

assuming a 75% isolation recovery to the crude alkaloid stage. The 

nonnorphine activity .could be detennined quite accurately by extra­

polation 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 normorphine, within experimental error. This suggests that 

the metabolic breakdown of morphine proceeds either solely via 

normorphine, or both xi! normorphine and directly from morphine. 

The differences between the two feedings in terms of normorpbine 

production .is no doubt a reflection of the difference in feeding 

techniques. The starvation technique is the more severe, and may 

cause significantly reduced or altered biosynthetic activity. 

These results, nonetheless, do support the hypothesis that .. normor­

phine is formed from morphine, and is an active participant in the 

mltabolic degradation of morphine. Further reference to these 

results will be made after presenting those obtained from a 14C02 

"steady-state" exposure. 
• 
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Table XVIII 

14C-NUCLEAR LABELLED MORPHINE FEEDINGS: SET 3 

Feeding Number 

Method of root feeding 

Feeding Time (hours) 
Metabolic Time (hours) 

Fed: Activity (dpm) 

Mass (mg) 

Incorpora ted: Acti vi ty (dpm) 

Percent 

% of incorporated activity in: 

Codeine 

Morphine 

Normorphine 

Non-alkaloidal metabolites 

% of metabolized activity in: 

Normorphine 

5 

Dilute solution. 
with aeration 

}24 

1.170.000 

10 

764.000 

65 

o 
40 

5 

8 

6 

"Starvation" 

6 
18 

751.000 

6.8 

281.000 

37 

o 
37 

1.5 

",40 

2.5 
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H. 14C02-BiOsynthesis No.3 

This biosynthesis was run for the sol~ purpose of establishing 

the biosynthetic relationship of morphine and normorphine. Four 

plants were used, each of them 90 days old (two of them had already 

developed ilTlTlature capsules) and weighing about 25 grams. Steady­

state conditions were maintained as closely as possible throughout 

the 6-hour run. A small amount of 12C02 was added at the beginning 

of the run, along with the 14C02 , to insure that the specific 

activity would not decrease. The CO2 concentration was set at 0.035% 

at the start, and dropped only slightly during the last half-hour of 
. 14 

the exposure. It was planned to use a total of 120 me of . CO2; 

however, about 50 me was lost from the pressurized l4C02 cylinder 

at the start of the experiment, leaving only about 70 mC for the 

exposure. Of this, about 20 mC was left in the chamber at the end 

of six hours, meani n9 50 mC (~100 mn was taken up by the pl,ants. 

It should also be noted that the actual time of active metabolism 

was more like three or four hours. 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. 

Beginning after one hour, ~erefore, a tray of water was placed in 

the chamber, and the humidity rose to about 40% at the end of the 

second hour, and finally to 50%, where it was maintained. The plants 

responded favorably to this change, and looked fairly normal again 

after two hours. 

The plants were worked up via the modified acid/butanol/benzene 

procedure, with one slight change. Rather than including the 

... ! 
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butanol/benzene duri n9 the g,ri ndi ng process, the plants were ground 

with only the aqueous acid phase, centrifuged to.remove the solids, 

and the a,queous extracted by hand with several portions of butanol/ 

benzene. The end result is undoubtedly nearly the same, but the 

number of manipulations is significantly decreased (an important 

factor when one has to extract in the hot box). The normal procedure 

was ~ollowed once the aqueous acid phase had been washed with 

butanol/benzene. 

The specific activi,ties of the isolated morphine and codeine 

were determined by collecting aliquots from several gc injections of 

the crude acetylated alkaloids, and then determining the mass of the 

particular alkaloid by re-injection, and the activity of the collected 

material. In addition, the total mass of each alkaloid in question 

was detennined by gc of the crude mixture. The normorphine presented 

a slightly different problem in detennining its specific activity; 

in particular, the small mass present, and the presence of several 

hot impurities chromatographing very close to normorphine-Ac3 in the 

vpc. Therefore, the nonnorphine ... Ac3 was purified first by three 

s,oparate preparative tlc's. During this purification process, it 

was discovered that one particular colored (pale green) plant product 

gave a gc peak which was only four. minutes different from that of 

normorphine-Ac3 (32 min for the former and 36 min for the latter, at 

a column temperature of 240°C, which was the temperature used for 

collecting). This compound was also found to be extremely hot, 

relative to the alkaloids. However, the three separate preparative 

tlc'sdid remove most of thi.s impurity. as well as others. The final 
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activity determinat~on was then done by collecting a known al iquot of 

the normorphine-Ac3 from the vpc. To assure that only that activity 

due to normorphine-P.c3 itself was being counted, the collection was 

done over a 20-minute period (the normorphine-Ac3 peak in the middle) 

at one-minute intervals. Thus, a plot of activity collected for each 

interval versus time showed clearly the actual activity as a peak 

corresponding to the mass peak for normorphine-Ac3. 

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 nor codeine produced from codeine, of which there was some in the 

morphine. The system used for this purpose was silica gel layers, 

developed with EtOH/dioxane/benzene/NH40H (1:8:10:1).29 In this 

system, normorphine has an Rf of 0.11, andnorcodeine 0.24, while 

morphine'S is about 0.4. 

The results 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 ts 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 exposure). The results for the 

nuclear carbons of the:morphine and the normorphine do, within experi­

mental error, further support the hypothesis that the normorphine 

cames about as a result of a demethylation of morphine. The near 

. . 
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Table XIX 

14C02 Steady-State Exposure 

Compound 

Codeine 

Morphine 

Morphine 
(minus N-CH3) 

Normorphine 

Spq~ific Acthi ty 
.' (dpmJnmole) 

'440 x 106 

38 x 106 

26 x 106 

27 x 106 

Total Alkaloid 
(mg/100 9 fresh wei ght) 

4 

26 

",1 

identity of the specific activities of each also supports the proposed 

hypothesis that the fu,rther metabolism of normorphine occurs at least 

as fast as its formation fran morphine. In addition, this identity 

leads one to conclude that 'the formation of normorphine potentially 

plays a very active role in the metabolism of morphine; i.e., in a 

period of , only 4-6 hours, the normorphine and morphine pools are in 

equ1li.brium 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 feeding experiments leads one 

strongly to the tentative conclusion that the natural dflradation of 

morphine via normorphine is, at the 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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1. Discussion 

Although it is fa;'rly difficult to make definitive conclusions 

from the kinds of results presented here, nevertheless, certain 

implications are apparent. As already suggested, the results of the 

morphine feeding experiments could be explained .almost entirely by a 

metabolic breakdown via normorphine, if the latter's turnover rate 

is on the order of 2:..4 hours (as suggested by the 14C02 exposure). 

The initial burst of degradation seen in the early feedings can be 

postulated to occur as a result of high local concentrations of mor-

phine, implying that control mechanisms are· at work to maintain an 

equilibrium concentration of the various alkaloids. This would 

seem to imply that the level of morphine is a major controlling 

factor in the synthesi.s of the morphine alkaloids. 

One fact that is extremely interesting is that normorphine is 

never the most abundant alkaloid. It is known that the other major 

alkaloids, thebaine, codeine, and morphine, all tfiketheir 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 formation of normor­

phine is nearly equal to the rate of breakdown. The relative increase 

in normorphine 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 nonnorphine as the final step in the alkaloid 

biosynthesis completes the sequence of· demethylations from thebaine 

(III). This fact lends support to the hypothesis that the alkaloids 

are involved as specific methylating agents, the relative stabilities 

of the successive methyl groups affording the plant a specific control 

of methylation processes. All other passive roles, such as protection 

from predators, or even simple biochemical control factors, cannot be 

justified on the basis of our results, since they "would not require 

the high turnover observed. 

A recent study by Fairbairn and Djote on tsolated stem and capsule 

latex, led to the conclusion that morphine metabolism is mainly asso­

ciated with stem latex. 38 Although our results neither support nor 

refute this hypothesis, the indications here are .that, prior to 

flowering, there is total equilibration of both the morphine and 

normorphine pools throughout the plant. This would reqUire that 

active synthesis and degradation are occurring in the~.entire 'plant. It 

may be that flowering, or maturation of the seeds, is the signal for 

the plant to shut off alkaloid biosynthesis, and the alkaloids in the 

capsule latex may no longer be required for methylating activity. It 

would indeed be of interest to do a l4C02 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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III. CONCLUSION 

The work presented in this part of the thesis has .established 

beyond a doubt that morphine is an active metabolite of ~ somniferum. 

The presence of normorphine, and the results of morphine feedings and 

l4C02 exposures, lead one to the conclusion that morphine is degraded 

to other non-alkaloidal metabolites solely via normorpnine. 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-·d~ period. Thts active metabolism, 

as well as the completion of the demethylation sequence from thebaine 

to normorphine, lends substantive support to the hypothesis that the 

morphine a~kaloids function as specific methylating agents, and as 

such are important to the plant's economy. 

More information concerning the effect of plant age on rate of 

metabolism might be sought from further l4C02 exposures. It also 

remains to be shown that normorphineis not methylated by the plant 

back to morphi ne. Thi s i rrevers i bil ity has been shown to be true for 

the steps leading up to morphine. 3l Future work concerning morphine 

and normorphine metabolism would be much more feasible if cell-free 

extracts can be isolated which perform these vital functions. 

.. 

I 

., \ , , 
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IV. EXPERIMENTAL 

A. l4C02 Biosynthesis 

Four poppy plants (average age 3-3/4 ~onths) were transplanted 

from venniculite to nutrient solution 3 days prior to the start of 

. the hot run. On the morning of the hot run, the plants were placed 

in silvered flasks {2S0 ml} containing nutrient solution and trans­

ferred to the growth chamber of the hot box in the Round House. The 

growth chamber had been purged of its natural CO2 overnight, by 

passing the chamber's air through a freshly-charged Ascarite chamber. 

The CO2 leve1 prior to charging the chamber was apprGximately 0.01% 

(as compared to 0.04% nonnally). 14C02 was passed into the growth 

chamber until the 1 eve 1 of CO2 was res tored to 0.04%. The l4C02 flow 

rate was adjusted to about 1.5 ml/min. After about four hours, it 

was nece~sary to add l2C02 to maintain the total CO2 level at 0.04%. 

The level of radioactivity had dropped to about 10% of its· maximum 

value by the end of the day. For the next 3-1/2 days, the lights in 

the gl"owth chamber and the 12C02 flow were both shut off for a peri od 

of 12 hours during the night, and turned on for the day cycle. The 

p3ants were killed on the morning of the fourth day by freezing in 

liquid nitrogen. 

Extraction of the plants was done using the standard plant ex­

traction procedure. Three separate batches were required, due to the 

amount of material. All the alkaloids were'extracted together ini­

tially, before removing anythi,ng from the hot box. This organic 
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extract was dried over Na2S04 andevaporated in vacuo. The residue 

was redissolved in 20 m1 of chloroform, and then washed with 3 x 20 m1 

of KOH (pH 13). The combined aqueous extract was brought to pH 8.6 

with dry tce. It was extracted overnight with methylene chloride to 

give the phenolic alklaloids. The labeled morphine was isolated from 

this fraction by silica gel preparative thin-layer chromatography. 

using CHC13/MeOH/NH3 (3:1:1%). The thus purified morphine was dis­

solved in a measured amount of chloroform' for purposes of counting 

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

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

cated the presence of about 1t0 mg of morphine. As a test of purity, 

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

an analytical t1c plate, along with authentic samples of morphine and 

narcotine. Ascending ~elopment was performed using ch10roform/ 

methano1/1% NH3 (3:1) as above. 

B. Standard Plant AlkiQ<\Oid Extraction Procedure 

Up to 50 gm (wet weight) of plant material can be accomodated con­

veniently by this extraction procedure. The plants are first cut into 

liquid N2 and frozen. The frozen material is then ground briefly in 

a Waring blender. 100 ml of butanol/benzene (1!1) and 30 ml of 10% 

Na2C03 are then added, and the mixture ground for about 5 minutes. 

The green organic supernatant is transferred to a 500 m1 separatory 

funnel. The plant mash is then extracted in the same manner with five 

additional 75 ml portions of butanol/benzene, the last portion con­

taining 10 ml of 10% Natc03 as well. The combined organic phase is 
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extracted with 4 x 50 ml of H3P'04 (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 ml of CHC1 3• Tne latter extract is dried over Na2S04' 

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

The aqueous residue is brought to pH 8.5 with dry ice, and extracted 

with 5 x 100 m1 of chlorofonn, tc) give the phenolic alkaloids. 

Alternatively, if separation of the phenolic and non-phenolic 

alkaloids is not necessary or desired, the aqueous acid phase can be 

brou~ht directly to pH 8.5 with saturated Na2C03 and extracted with 

5 x 100 m1 of CHC1 3. This gives all the alkaloids in a single extract. 

I, C. Morphine Demethylation-Remethy1ation Sequence 
[, 
p 

I', 1. Diacetylmorphine (lieroin) 

About 50 mg of morphine is ref1uxed i.n 500 }ll of acetic anhydride 

for 16 hours, in a N2 atmosphere (bath temperature of 160°C). The ex­

cess volatiles are evaporated;n vacuo to give an oily residue. This 

residue is dissolved in 25 ml of benzene, washed with 2 x 10 ml of 
, 

0.6 M K2C03 and 2 x 10 m1 of H20, dried over Na2S04, and evaporated 

to dryness to give a semicrystal1ine residue. Analytical t1c shows 

this residue to be heroin. The heroin can be puri.fied by recrystalli-

zation from ethyl acetate. For the purposes of the s.mall-sca1e demethy-
. . 

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

2. Normorphine (vi.aN-cyanonorheroin) 

The heroin (from above) is redissolved .in 10 ml of CHC1 3 (redis­

tilled), and transferred to a dropping funnel. This is added dropwise, 

over a period of 15 min, to a stirred, ice-cold sol~tion of 400 mg of 
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BrCN in S ml of CHC1 3, under a N2 atmosphere. After rinsing the funnel 

with an additional 2 ml of CHC1 3, the reaction flask is fitted with a 

reflux condensor, stirred at O°C for 30 min, at room temperature for 

30 min, and finally refluxed at 7SoC for 2.S hr. The solution is 

cool~d and evaporated in vacuo. The residue is twice redissolved in 

5 ml of CHC1 3, and evaporated to remove lingering volatiles. This 

residue is redissolved in 20 ml CHC1 3, and washed 'ith 3 x 10 ml of 

0.1 M H3P04• Each acid wash is back-washed with 10 ml of tHC1 3. The 

combined organic phase is dried over Na2S04 and evaporated. The 

residue, N-cyanonorheroin, is dissolved in 1.5 ml of concentrated HCl 

by heating at BO°C for 5 min. Twelve ml of H20 is added, and the re­

sulting mixture heated at BOoC for 1 hr, refluxed (ll8°C) for four 

hours, cooled, and evaporated irivacuo to a slightly smaller volume. 

The pH of this solution is adjusted to 9.1 with 10% Na2C03. It is then 

extracted with 6 x SO ml of CHC1 3/EtOH (4:1). The organic extract is 

dried over Na2S04, and evaporated to dryness. To obtain chromato­

graphically pure nonnorphine, this latter resi.due i.s spotted on a 

preparative tlc plate (silica gel, 1000 microns thick), and developed 

in CHC1 3/MeOH/NH3 (3:l:trace). The nonnorphine .band (Rf = O.OS) is 

scraped off, and eluted from the s ili ca wi th CHC1 3/MeOH (l: 1) . A 

second preparative plate can be run, the latter assuring greater than 

99% purity. 

3. Normorphine to Morphine (via N-carbethoxynormorphine) 

To the normorpnine is added S ml of H20 and 0.5 g of NaOH, and the 

resulting mixture stirred at O°C until solution is complete. To this 

is added 10 ml Qf CHC1 3, followed by 1.0 ml ofC1C02Et, and the mixture 
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stirred vigorously at O°C for 20 min. The aqueous layer is separated, 

and washed with 10 ml of CHC1 3. The combined organic phases are 

washed with 2 x 10 ml of 0.1 M NaOH and 2 x 10m1 of 0.1 M H3P04. 

Each aqueous wash is backwashed with 5 ml CHC1 3. The total organic 

phase is dried over Na2S04, and evaporated ~ vacuo. 

The carbethoxynonnorphine residue is dissolved in 5 ml of dry 

THF, and stir·red at O°C. Nine ml of LiA1H4 in THF (0.25 mmoles/ml) 

is added from a dropping funnel over a: period of 5 min. The mixture 

is stirred at O°C for 1 hr, and ref1uxedfor 2 hr (in N2 atmosphere). 

The solution is then cooled in ice, and 3 ml of 12 N HC1 in 10 ml H20 

added (slowly at first), followed by 3 g of sodium potassium tartrate 

in 10 ml of H20. The solution is filtered, and the precipitate washed 

with ~20. The pH of the solution is then adjusted to 8.5 with concen­

trated NH40H, and extracted continuously with CH2C1 2 for 24 hours. 

The extract is dried over Na2S04 and evaporated in vacuo. Themorphine 

thus obtained can be purified by preparative tlc on silica gel, 

developing with CHC1 3/MeOH/NH3 (3;1:trace). This effectivel,y removes 

any trace of unreacted nonnorph;ne. 

D. 'MorphineFeedings,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 solution, their roots patted 

with paper towels to remove the bulk of water, and th.en placed in dry, 

blackened 50 ml 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 radioactive morphine, 2.1 mg to the second, and 21 mg to the third, 

beginning at 12:30 PM. This was done by dissolving the morphine in 

a minimal amount Df 1% H3P04 (approximately 150 A), diluting to 2 m1 

with nutrient solution, arid then giving 1 ml of solution to each plant. 

Additional cold nutrient solution was given to the plants according 

to the schedulE in Table XX. At the end of the 24-hour metabolic 

period. the plants were removed from the flasks, the roots rinsed 

first in 1%H3P04, followed by distilled water, and then cut up into 

liquid .N
2 

and frozen. The two washings \<Jere combined to comprise the 

neutral residue. These two solutions were diluted to a known volume, 

and an aliquot of each counted in dioxane scintillation solution. The 

counter used for this, and all subsequent radioactivity analyses \'/as 

a 'PackardModeJ 3375 Tri~Ca~bLiquid Scintillation Spectrometer. 

Time 

° 
5 min 

20 min 

35 min 

50 min 

2 hours 

6 hours 

20.5 hours 

24 hours 

Table XX 

Amount to Each 

1 ml 

·lml 

1 ml 

2 ml 

5 m1 

5 ml 

10 ml 

5 ml 

Hqrvested 

Description 

Morphine ~olutions 

Cold nutrient solution. 

II 

II 

II 

II 

II 

II 
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The cu~-up plants were transferred to a Waring blender, and ex­

tracted via the standard alkaloid extraction procedure, to give the 

various plant fractions. Agai.n, all aqueous fractions were counted 

by adding an appropriate aliquot to dioxane scintillation solution. 

The latter is prepared from 50 m1 of Fluor Concentrate II (Research 

Supplies laboratory), 250 m1 absolute ethanol, 400 ml p-dioxane, 50 g 

naphthalene, and toluene to bring the final volume to 1 liter. Those 

solutions which were soluble in toluene (such as organic extracts) 

were counted in cocktail made from 50 ml of F1 uor II. , di 1 uted to 

1 liter with toluene. 

The ~queous 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-XB, 200,..400 mesh, hydrogen­

ion fonn). The column was washed wi ttl di still ed water to neutral pH, 

and then with 1.5 N NH40H until about 300 ml of basic eluent was col­

lected. All eluents were saved (in about 150 ml fractions) for subse­

quent counting. Fraction 1 from this column (containing the bulk of 

non-basic active substances) was reapplied to the regenerated c.tion 

exchange column and eluted in th.e s.ame manner. Counting of the eluents 

showed that nearly all the sample passed through prior to eluting with 

base, indicating little if any column overload. 

The first 150 m1 of ba$ic eluent from above was evaporated in vacuo 

until th,e pH was reduced to B. It was then applied to an anion exchange 

column (150 ml of AG-l-X8, 200~400 mesh, hydroxide-ion form), the 

column eluted with distilled water to neutral pH. and finally with 2 N 

He1 to remove any adherants. Again all eluent 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 each. The feedings were done in the same manner as for 

Set 1. Two plants were harvested at the end of each metabolic period 

(3, 6, 9, 12, 20, and 24 hours, respecti ve ly) . An enti re day-ni ght 

cycle was thus included in the experiment. The harvested plants were 

treated in the same maimer as previously, to obtain the various plant 

fractions for counting. 

F. Codeine Methyl Ether from Normorphine 

Fifty mg of nonnorphine is di.sso1ved in 250 111 of H20, 50 111 of 

5 N NaOH and 25 lla of dimethy1su1fate. The reaction is carried out 

in a small vial (~5 ml volume), fitted with N2 bubbler. The vial is 

placed in an ice bath for 4 hr, with constant stirring. At the end 

of each hour, 40 111 of 5 N NaOH and 25 III of Me2S04 are added (for a 

total of 125 ,..1 Me2S04). Finally, the solution 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 filtered through an anion­

exchange resin (15 gm of AG-1-X8, 200-400 me.&h, rinsed previously with 

1 N NaOH H2{), 1 N HC1, NaCl solution, and H20 until the eluate was C1-

free), eluting with H20 to a C1-free eluate (about 100 m1 is needed). 

The eluate is evaporated in vacuo to dryness, then transferred to a 

micro-sublimer. It is heated for 20 min at 220°C, 0.2 mm, and then 

40 min at 280°C, 0.2 nun. The sublimate is rinsed from the cold finger 

with EtOH, evaporated to a smaller volume, then spotted on preparative 

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

$Olvent used here is CHC1 3/MeOH/NH3 (3:"1:trace). 
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G. 14C02BiOsynthesis -Search for Normorphine . 

A two-day 14C02-bioSynthe~iswas 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 time 

the plants were added. In order t~maintain the CO2 concentration 

near 0.04%, another 35 mC had to be added 3 hours. into the biosynthesis. 

The remainder (45 mC) was added at about 22 hours, after the lights 

were turned on the second day. The CO2 concentration was then allowed 

to drop to about 0.02%, at which time (30 hrs) cold CO2 was added to 

restore it to 0.04%. The plants were kept on a 12-hr light/dark cycle; 

at least 95% of the activity had been taken up at the end of 48 hours. 

Due to the quantity of plant material, it was divided into two 

batches, whi ch were extracted ~eparately to the organi c al ak1 oid ex­

tracts. The following cold carri.ers were added (total amounts): nor­

morphine (100 mg), mor~hine (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 BuOH/benzene (1:1). the normal al~aloid 

extraction scheme was followed to get an acidic solution of the alka­

loids. This solution was brought to pH 12 with 8 M KOH, and extracted 

with 5 x 100 ml of CHC1 3 to obtain the non-phenolics. The pH was then 

adjusted to pH 8.6 with concentrated H3P04, and the resulting solution 

extracted with 6 x 90 ml of CHC1 3/isopropyl alcohol (~:l). This 

organic extract was dried over Na2S04 and evaporated to dryness in vacuo. 

The residue was taken up in a minima" amount of MeOH/10% CHC1 3, and 

spotted on four preparative silica gel plates (dried previously for 
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1/2 hour at lOo.oC). After development in CHC1 3IMeo.H/NH3 (3:1:trace), 

the morphine and normorphine bands were located by spraying the edges 

with iodop1atinate. These were scraped off, and eluted by stirring 

with 15 m1 of Meo.H for 15 minutes, filtering on a millipore filter, 

and repeating once more. The resulting solutions were evaporated to 

dryness. A second preparative tlc of the normorphine from above was 

performed in the same manner to give morphine-free normorphine. 

Conversion of the 14C-normorphine to 14C ... codeine methyl ether was 

carried out using the procedure described in Section F above.Subse­

quent purification of the CME was done by preparative tlc, as above, 

and sublimation at 12o.oC, 0..2 mm. Mass analysis of ,the purified 

materia1 was done by vpc and UV at 286 nm (E = 1350.). 

The 14C-morphine isolated from the plants was converted first to 

normorphine, and then to codeine methyl ether. The latter was also 
.%",. 

purified by tlc. A final purification of both CME samples (i.e., from 

l4C-morphine and 14C-normorphine) was made by subliming each for 8 hrs, 

at 12o.oC, 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. 14c-Normorphi ne, Ex~racti on 

A sample of 14c-normorphi,ne (containing about 20.,0.0.0. dpm) was dis­

solved in 10. ml of Na2Co.3' A 10.0. A aliquot was removed and counted, 

and 9 ml of the remaining solution inmediate1y transferred to the 

Waring blender. 10.0. m1 of Buo.H/benzene (1:1) was added, along with 

21 ml of 10.% Na2Co.3' Finally, a frozen 53, g plant, 60. days old, was 

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

60 m1 of BuOH/benzene had to be added to break up the emulsion, and 

the mixture was ground f'Or 10 minutes more. 100 m1 of the dark-green 

supernatant was removed by pipetting into a volumetric flask. BO m1 

more BuOH/benzene was added, and the mixture ground for 15 minutes. 

After removing another 100 ml . of organic superj)atant, 60 ml more 

BuOH/benzene was added to the mash, the mix ground fQr 5 mi~utes, and 

the remaining superrtatant removed and diluted to 100 m1. Samples were 

then removed from each ·extract for counti ng purposes. The aqueous 

mash was centrifuged at 2500 rpm for 15 minutes, and the. aqueous (along 

with asmal1 amount of soli.ds which. remained on top of the water) de­

canted and filtered. The solids were rinsed with water, recentrifuged, 

the aqueous decanted and added to the former~ueous solution, and 

the remaining solids dried in a dessicator. 

2. Nonnorphine Extraction - Cold , '. , . 

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 ~olution A were added 10.6 mg of cold normorphine, and the mix­

ture stirred until the normorphine was completely dissolved. To th.is 

solution were added 6 ml of stock Solution B, and 19 ml of H20, to 

give 50 ml of aqueous normorphine solution buffered at pH B.6. 

A single poppy plant, about 90 days old, was cutpup, frozen in 

liquid N2, transferred to a Waring blender, and ground briefly. The 

normorphine solution from above was then added, and the mix ground 

again for about 30 seconds. Finally, 100 m1 of BuQH/benzene were 

added, and the mix gr~und for 10 minutes, stopping it at 5 minutes to 
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scrape material from the sides of the blender .. The mash was allowed 

to settle, and then the Qrganic supernatant was decanted, yielding 

about 75m1 of solution. An additional 75-m1 portion 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 

fil tered, wi th suct; on. and a check on the deeply colored fi ltrate 

showed the pH to be 8.55, indicating the buffer was effective. 

Each of the organic extracts was extracted with 4 x 20 m1 of H3P04 
(1 M, pH 2.5). The aqueous extracts were brought to pH 8.6, using KOH 

pellets and concentrated H3P04, and extracted with 4 x 50 m1 CHC1 3/IPA 

(3:1) .. The organic extracts were dried over Na2S04, filtered .• and eva­

porated to dryness in vacuo. Subsequent analysis was done byg~ (on 

OV~17). after dissolving each residue in 5 m1 of CHC1 3/MeOH (1:1). 

3. Normorphine Acetylation 

To 105 mg of normorphi,ne in a 25-ml pear-shaped flask was added 

one ml of acetic an~ydride. The flask was fitted with condenser and 

nitrogen bubbler, and refluxed. Samples were removed after various 

time int.ervals for tlc analysis. The refluxing was contfnued for 16 

hours (bath temperature -160°C). The residual acetic anhydride and 

acetic acid were removed by evaporating in vacuo; the residue was taken 

up in 25 m1 of benzene (it dissolved slowly), then washed with 2 x 20 ml 

of 0.5 M K2C03. The combi.ned aqueous washes were back-washed with 25 ml 

of benzene. The combined organics were dried over Na2S04 and evaporated 

to dryness in vacuo. The residue was redi$solved i.n 25 ml of CHC1 3 for 

vpc analysis. 

... 
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4. Morphine-NormorphineCo~acetylation 

To a three-necked pear-shaped flask (25 ml), fitted with nitrogen 

bubbler and condenser, was added 100 mg each of morphine and normor­

phi ne, and 2 m1 of aceti c anhydri de. I twas placed in an oi 1 ba th, 

and the solution brought to reflux (bath temperature of 155°C). A1iquots 

were removed and checked by vpc inmediate1y after AC20 addition, and 

45 minutes after addition (just prior to boiling). Reflux was continued 

for about six hours. The product was worked up the same as. above for 

the normorphine case, to give a resi.due of the acety1ated products. 

5. Normorphine-Plant Extraction with Acid 

To a single frozen, ground poppy'"plant, ",20 gm wet weight, 50 days 

old, in a Waring blender, was added 19.4 mg of normorphine. 75 m1 of 

butanol/benzene (BB) was added, and the mixture blended briefly. 

Finally, 50 m1 of 1 N Hel was added~ and the mix blended for five 

minutes~ The BB supernatant was removed by p;petting to a separatory 

funnel. 75 m1 more BB was added,~he mixture ground again for 5 minutes, 

and the supernatant transferred to the separatory funnel. Theremaining 

plant mash was centrifu~~d, after rinsing thoroughly from the blender 

with 1 N HC1, for 20 minutes at 2400 rpm. The ~queous layer was re­

moved by syringe. Additional HC1 was added to the residual solids, the 

mix stirred briefly, and then recentrifuged. The aqueous phases were 

combined, brought to pH 8.6 with solid Na2C03, and extracted with 

6 x 70 m1 CHC1 3/IPA (3:1). The total organic extract was dried over 

Na2S04, and evaporated to dryness. Vpc analysis was performed directly 

on this residue, after dissolving in 5 m1 of MeOH. The sample was sub­

sequently redried, then acety1ated ·by refluxing for 16 hours at 155°C 
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in acetic anhydride. This was used to study the feasibility of 

analyzing plant extracts as the acetates. 

A second check of the acid-butanol/benzene extraction procedure 

was done by adding 10 nig of nonnorphine to a ground poppy plant (fresh 

weight about 20 gm), and the mixture extracted using the new acid­

butanol/benzene procedure. Two separate 75-ml portions of ~. N HCl were 

u&ed to: remove .the·a.lkalotds-~1!heitf.,'s,tBB phase was back-extracted wi th 

1 M (,H 2;5) H3P04. All the aqueous acid phases (after centrifugation) 

were combined, brought to pH 8.6, and ext~acted with 6 portions of 

CHC1 3/IPA (3:1). The organic phase was dried over Na2S04, filtered, 

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

fluxing Ac20 (3 ml) for 16 hours, and the product evaporated to dryness. 

I. Contro 1 Experiment,S 

1. Control No.7 

To a sample of radioactive morphine (150,000 dpm, '\.3 mg) was· added 

9.7 mg of cold normorphine. The mixture was di.ssolved in a small 

. amount of 1 N HC1, and added to some ground plant material ('\.35 gm), 

for extracti on vi a the act d.-.butano 1 /benzene procedure. The fi.na 1 a 1 ka-

10id residue, after acety1ation,:'was separated on preparative tlc, to 

give the morphine-Ac2 and normorphine .. Ac3. After counting and mass 

analysis, the nonnorph~,ne-Ac3 was rechromatographed a second time, the 

developing solvent being CHC1 3/MeOH/NH3 (3:l:trace), as opposed io 

EtOH/benzene (1:4) for the first plate. 

As a check blank, a sample of the radioactive morphine used in 

this control was acetylated, and the percentage of normorphine present 

detennined. 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 three distinct points in the extraction procedure. 

For the first one, 5.4 mg of morphine was dissolved in 37 ml of 1 N 

HC1. This was extracted wi th 2 x 75 ml of BuOH/benzene. The 1 atter 

extract was back-wahhed with 2x 25 ml of 1 N HC1. A second portion 

("-40 ml) of 1 N HCl was extracted with 75 ml of BB. , Each BB-acidex­

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

I' • , portion was brought to pH 8.6 with solid Na2C03, and extracted with 

6 x 75 ml CHC1 3/IPA (3:1). The latter was dried over Na2S04, and 

evaporated in vacuo to dryness. 

For the second control, 125 ml of 1 N HCl was extracted with 150 ml 

of BB. To the aqueous phase was then added 4.8 mg of,morphine, the pH 

of the solution ,brought to pH 8.6, and extraction pe-rformed with CHC1 3/ 

I PAas above. And fi nally, for the thi rd control , everything was 

identical as in the second one, except the morphine (5.2 rDg) was added 

to the CHC1 3/IPA extract prior to drying and evaporati.ng. 

All three residues were acet,ylated as usual,and analyzed for NM/M 

ratio by vpc. 

l. ' Control No. 10 

Five mg of mDrphine was.·.eissolved in 35 ml ofl N HC1. This 

solution was combined with 70 ml of BB in a round-bottom flask, fitted 
" with air bubbler and reflux condenser. It was then heated for 15 min 

at a bath temperature of 75°C, with air bubbling through at a rate 

1 imtted only by the capaci ty of the condenser. After cool ing, the aqueous 

phase was separated, and extracted as usual to give the alkaloid residue. 
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4. Control No. 11 

Th.is experiment was run just like No. 10, after combining 73 mg 

of morphine, 75 ml of 1 N HC1, 130 ml 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 

Th1s was again a repeat of No. 10, substituting 1 M H3P04, buf­

fered at pH 2.5, for 1 N HC1. Conditions were identical, except the 

heating time was extended to 30 minutes. 

J • Gas ChromatographyQf the A 1 k.a 1 oi. ds 

All vpc,analyses for the normorphine studies were done using 6-

foot, 3 mm i.d. glass columns filled with Aeropak 30 (100/l20 mesh) . 
coated with 3% OV-17. The latter is a silicone rubber with 50% methyl 

and 50% phenyl side chains. The preparation of these columns has been 

described in detail by Parker16 {according to'the procedure of Kruppa 

etQ.).4l An F&M Scientific Model 402 High Efficiency Gas Chromato­

graph was employed; This equipment is designed to take glass columns, 

and avoids 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 used for most 

of the analytical work were: column temp .• ; .250QC; flash heater and 

detector temp., 290°C; carrier gas, argon; flow r.ate, 60 ml/min. 

Sens.i ti, vi ti es of about 50 nanograms for both tri acetyl normorphi ne 

and diatety1morphi ne were achi eved under these' condi ti ons. 

, I 

i . , 
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The column conditions had to be altered when it was desired to 

trap compounds from the vpc. Apparently the integr.ityof triacetyl­

normorphine is not maintained at 250°C. Good recoveries were obtained 

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

K ~ ... Modi fi ed . Pl ant . Ex~racti on ,Procedure 

!he plant material (40 gm) is frozen in liquid N2, then ground 

briefly in a Waring blender. After adding 75 ml of H3P04 (1 H, pH 

2.5) and 150 ml of butanol/benzene, the mixture is blended for five 
, i 

! minutes, 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 is 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 supernatants are ex­

tracted 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 m1 CHC1/isQ~PrOH 

(3: 1). The latter extract is dried over Na2S04 and evaporated to dry­

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

fluxed at 1600 for 16 hours.. The excess anhydride ;s removed in vacuo, 

to give the crude alkaloid peracetates. 

L. Normorphihe-Morphine OntogenyStudtes 

Plants of various ages were extracted via the modi. ned extraction 

procedure (the initial ones using 1 N HCl as the aqueous phase). The 
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resulting alkaloid residues were ana'l'yzed by dissolving in 3 ml of 

CHC1 3, and injecting appropriate aliquots onto an OV-17 vpc column. 

The opium samples were extracted by dissolving BOO mg of the raw 

opium in 200 ml of 1 M H3P04 (pH 2.5) with vigorous magnetic stirring. 

The pH of the solution was then brought to 8.6 with sodium carbonate, 

and extracted as before with six portions of CHC1 3/iso-PrOH (3:1). 

The res.idue was acylated and analyzed in the same manner as the plant 

extracts. 

M.· MOrphine Feedings, Set 3 

l~ 'Morphine Feeding No. 5 

The nuclear l4C-morphine (110,000 dpm/mg) was di,ssolved i.n 1 ml of 

CHC1 3/MeOH (1:1). 500 pl of thh was transferred to the feeding vessel. 

The chamber used for this feeding was a 500-ml crystallizati.on 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 pl of 1% H3P04. Poppy nutrient was then added, with 

stirring, to a total volume of 300 m1. Three plants (72 days old, each 

weighing about 25 gm) were transferred from hydroponic tanks to the 

feeding container. The nutrient level was',mainta1ned at 300 ml for the 

first two hours, then allowed to drop (to about 250 mll for the next 

four hours, at which time it was brought to 350 ml to last overnight. 

The plants were removed from th.e chamber after 22 hours total, their 

roots rinsed in dilute Hl04 (1%)., and the plants frozen in liquid N2. 

The pl ant materi al was extracted i.n two batches, after addi ng about 

5 mg cold normorphine to each batch. Again, the BBphase was back­

extracted once with aqueous acid. All the aqueous acid portions were 
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comMned for alkaloid extraction at pH 8.6. Acetylation by the nonnal 

.proceduregaye the perac~tates; 
. , 

: ":. ".~ ~ , I -.;; .. ' " 

After attempt; ng:,.to,)::oll ectthe nonnorphi netriacetate from the 

vpc for specific act~vity, aryalysi~i' a'ndfailing, it was decided that 
" . ~ , 

a tlc system should b~ soug~t to separate the NM-Ac3 from heroin, as 

well as from the abundant 10w~R".high1y colored 'impurities. Ethano1/ 

benzene (1:4), with silica gel, was found to give such a separation. 

The crude acety1ated alkaloid mixture was therefore purified by a 

preparative tlc, using EtOH/0H as the developing solvent. The normor­

phine triacetate so obtained was purified once more by preparative tlc, 

deve 1 opi ng wi th CHC 13/MeOH/NH3 (3: l) . Vpc showed that the fi rs t t.~c 

had effectively removed all the morphine-Ac2, so the second t1c was 

just 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-Ac3 material. 

2. Morphine 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 Na2C03. The resulting solution was extracted with 

3 x 250 m1 CHC1 3/IPA (3:1), and the organic extract dried over Na2S04 
and evaporated to dryness. Vpc analysis showed this extract 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 H3P04, and diluted to 300 m1 with poppy nutrient solution. To 

this solution were added portions of roots from the poppy plants 
t' 

(aged 70-90 days), and the whole fitted with an air bubbler. After 4 

hours of bubbling, the roots were removed and rinsed in about 25 ml 

of 0.1 M H3P04; as much liquid as possible was squeezed 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 3/IPA (3:1). At this point, the pH was re-checked 

and found to be about 9.5, so it was brought back to 8.6 with H3P04 
(conc.). After readjustment, the solution was extracted with three more 

lSO-m1 portions of CHC1 3/IPA (3:1). The total organic extract was dried 

over Na2S04, filtered, then evaporated to dryness .. 

The residue, containing morphine ~nd morphine-Dl, was separated 

into its two components by preparative tlc on siHca gel, developing 

with CHC1 3/MeOH/NH3 (3:1:trace). 

3. Morphine Feeding No.6 

The rem4ining nuclear l4C-morphine was purified once more by pre­

parative tlc. The resulting morphine gave a single spot on tlc, and a 

single "peak on vpc. The entire sample was taken up in one ml of '0.1 M 

H3P04. 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 solution was transferred to each of three feeding flasks 

(blackened 50-ml Erlenmeyer flasks). Three P'Wpies, about 70 d1ays old, 

were removed from the hydroponic tank, their roots blotted with paper 
\ 

towels, and placed in the feeding flasks. After 5 minutes, one ml addi-

tional nutrient was added to each flask. Additional nutrient was ~dded 

I' 
,I 

'. 
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periodically to maintain the level near 5 ml in each flask. After six 

hours, the plants were removed from the flasks and their roots rinsed 

in 0.1 M H3P04. The flasks, after rinsing with acid, were filled with 

nutrient solution, and the plants replaced. They were kept this way 

for an additional 18 hours, for a total of 24 hours. They were then 

remoV\Jd,rinsed briefly in nutrient solution, and frozen in liquid 

nitrogen. Extraction of the plants was done as normal, via the acid­

butanol/benzene procedure, after adding 14.8 mg of cold normorphine as 

carrier. The crude alkaloid extract was acetylated with 3 ml ofre­

fluxing acetic anhydride. The product from this was separated by 

preparative tlc on silica gel, developing with ethanol/benzene (l :4). 

Bands were scraped off, eluted with CHC1 3/MeOH, and evaporated to dryness. 

Counting of most of the samples was straightforward. However, the 

plant mash was counted by suspending it in scintillation solution with 

Cab-O-Sil (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

H20" to insure solubtJ i ty. 

The residual nutrient and root washes were combined, and brought 

to pH 8.6, by first adding about 100 ml of a pH 8.6 borate buffer, 

then adding 8 M KOH to the proper point~ This solution was extracted 

with 3 x 200 ml of CHC1 3/IPA, followed by 3 x 200 ml of CHC1 3. The 

combined organic phase was dried over Na2S04 and evaporated to dryness. 

The residue, after being counted, was purified by preparative tlc 

(silica gel, developing solvent CHC1/MeOH/NH3,3:1:trace). The mor­

phine band was eluted as usual. 
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N. Morphine Biosynthesis No.3 

F~li.Ir poppy plants, 90 days old, were exposed to 14C02 under IIsteady­

state" c:onditions .for a total period of six hours in the light. There 

was a slight drop in the CO2 concentration over the last one-half 

hour, but the specific activity of the CO2 reamined fairly constant 

throughout. At the end of the exposure time, the plants were cut up 

and frozen in liquid riitrogen. They were then.ground briefly in a 

Waring blender (in two batches), 150 ml of H3P04 (1 M, pH 2.5) added, 

and the mixture ground for an additional 5 minutes. The aqueous phase 

was separated from the solids by centrifugation,·and the latter blended 

again, with a second portion of H3P04. After separating, the total 

aqueous phase was extracted with 3 x 200 ml of butanol/benzene (1:1); 

the organic extracts were back-extracted once with 50 ml of H3P04. 

The combi ned aqueous phase was brought to pH 8.6 with sol i d Na2C03 (to 

about pH :6) and 8 M KOH. I t was then extracted wi th 6 x 150 ml CHC1 3/ 

IPA ($£1). It was necessary at times to add more organic to break up 

the emulsions which occurred. The total organic extract was dried 

over Na2S04, filtered, and evaporated to dryness in vacuo. 

The alkaloid residue was immediately esterified with AC20 (16 hours 

at reflux) and evaporated. A portion of the acetylated alkaloid mixture 

was separated by prf!parative tlc on silica gel (developing solvent, 

EtOH/benzene, 1:4) to give one fraction containing the normorphine-Ac3, 

and another the morphine-Ac2; the latter also including codeine-Ace 

The normorphine-Ac3 was further purified ~y tlc, usi'ng CHC1/MeOH/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 of the normorphine-Ac3 from a vpc injection, eluting, and 

counting. 
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The specific activities of themorphine-Ac2 and codeine-Ac were 

determined by vpc trapping of known a1iquots of each, and counting. 

The total fraction was then purified by a second preparative t1c, 

developing with CHC1 3/MeOH/NH3, 3:1:tra~e; the morphine-Ac2 was eluted, 

and evaporated to dryness. This residue was dissolved in 5 m1 of 

freshly distilled CHC1 3. The resulting solution was .then added, over 

a period of 20 minutes, to a stirred ice-cold solution of 200 mg of 

BrCN in 2.5 m1 of CHC1 3. The funnel was rinsed with one m1 of CHC'3' 

The reaction mixture, under nitrogen, was stirred at O°C for 30 min",tes" 

room temperature for 30 minutes, and fi.nally ref1uxed (}5°C bath) for 

2.5 hours. After cooling, the solution was evaporated to dryness 

,in vacuo, twice redissolved in CHC1 3 and reevaporated, and finally 

dissolved .in 10 m1 of CHC'3' washed with 3 x 10 m1 of 0.1 M H3P04' 

dried over Na2S04, and evaporated to dryness. 

The residue was dissolved in 0.75 m1 of concentrated He1 by 

swirling and heating at sooC for 15 minutes. To this solution, 6 m1 

of water was added, and the resulting solution heated at 80° for one 

hour, then ref1uxed (1189
) for 3.5 hours. After" cooling, the pH of 

the solution was brought to 8.6 with 10% Na2C03, and it was extracted 

with 6 x 20 m1 of CHC1 3/IPA (3:1'). The organic extract was dried and 

evaporated. The normorphine was then purified by preparative t1c 

(developing solvent, EtOH/dioxane/benzene/NH40H, 1:8:10:1), and its 

specific activity determined (mass by t1c). 
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PART 2 

BOUND ALKALOIDS 
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1. INTRODUCTION 

A report concerning the presence of "bound" alkaloids in the 

seeds of several varieties of ~ somniferum32 led to our interest in 

determining ,whether or not bound fonns of alkaloids exist in the 

poppy plants themselves, or in our variety of seeds. If, indeed, 

bound morphine is present in the plants as a metabolite of morphine, 

this would most certainly be reflected in labeled morphine feedings. 

Any activity ending up in water-soluble metabolites 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 initially water-soluble,. but releasing a free alkaloid upon 

,acid hydrolysis. Both seeds and 2-month old plants were subjected to 

this procedure. Evider;lc! was sought to establish the presence or ab­

sence of bound forms by comparing pre-hydrolysis 'and post-hydrolysis 

alkaloid extracts. In the case of the plants, it was of greatest con­

cern to determine if morphine is found in some bound form, although a 

qualitative estimate of the extent to which non-phenolic alkaloids 

were present was also made. Some doubts were raised concerning the 

ability to distinguish actual bound alkaloids from incompletely ex­

tracted free alkaloids and aberrant products produced by the hydrolytic 

conditions. Some discussion of this problem will be included with the 

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

A. Historical 

In 1968, Fairbairn and El~Masry reported the discovery of "bound" 

alkaloids in the $eeds of several varieties of ~ somniferum. 32 They 

claim that upon acid hydrolysis or pepsin digestion of ground poppy 

seeds. alkaloid-like substances are liberated; among them being 

codeine and a phenolic alkaloid si~ilar to morphine. These results 

are somewhat contradictory to' those obtained in this laboratory by 

Martin concerning the gradual appearance of alkaloids in seedlings, 

which leads one to the conclusion that no alkaloids are present in 

the seeds. 20 ,33 There is one report in the literature of a Russian 

woman who ate several tablespoons of ground poppy seeds, and found 

her;.:'psycho log; ca 1 s tate to change from i rri tab; 1; ty to euphori a. 34 

Fairbairn and El-Masry claim this could be due to the release of 

bound alkaloids by the action of the stomach acid-pepsin. 32 

No evidence exists in the literature for the presence of bound 

alkaloids in the poppy plant itself~ The existence of such forms 

has been indicated for the alkaloids in hemlock. 35 ,36 Bound forms 

of the morphine alkaloids are found as metabolites in animal 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 studi,es to the si tuation occurri ng 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 plint. is to adequately distinguish between free and 

bound forms. Since the determination of the bound forms is accom-

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

necessary to remove all naturally free alkaloids first. Fai'rbairn 

and El-Mas ry accomp l1Shed thi s by exhaus ti ng the ground seed wi th 

EtOH. 32 Subsequent hydrolysis 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 

scheme (as descri bed in Part 1 of thi s thes1{:s) 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 

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

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

lowed by an alkaloid extraction, gives the bound. In addition, an 

hydrolysis of the solid phase was iQ~luded, as a check for any water­

insoluble bound forms. The extraction for alkaloids from aqueous 

phase was performed with CHC1 3 at pH 8.6 (or first at 12, then 8.6, 

if the non-phenolics and phenolics 'were separated). 
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Seed Extraction Scheme 
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A similar procedure was adopted for plant material, with the 

exception that no pre-grind wash, was necessary. It was already 

apparent at the time these extractions were made that CHC1 3 was not 

totally effective in removing 100% of the alkaloids. In certain 

cases, therefore, a second extracti on wi th CHC1 3/EtOH (4: 1) was 

performed, at pH 9. As noted in Scheme VI, a second complete 

grinding and blending protess was included, to provide a check on 

the efficiency 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 

detennining whether morphine or codeine exist in bound forms, and 

to give a qualitative idea of the relative importance of them to 

general alkaloid metabolism. 

C. Seed Alkaloids 

A 20 gm batch of seeds was extracted and hydrolyzed according to 

Scheme V. Each crude alkaloid residue was analyzed both by gc and 

by tlc. The gc results are depicted graphically in Figure 4, and 

Table XXI lists the tlc data. Fraction IV showed no peaks on vpc 

or alkaloi'd spots, so 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 Fractions I and II, only one new 

peak appears in the pre-hydrolysis alkaloids (17:30). The other 
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Plant "Bound-Alkaloid" Extraction Scheme 
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I. Pre-grind wash 

o 5 (min) 10 15 

1I. Pre--hydrolysis alkaloids 

o 5 ·15 
min 

m. Post-hydrolysis alkaloids 

o (min) 10 15 

" VPC OF SEED EXTRACTS 

XBL726-4669 

Figure 4. 



Fraction 

I. Pre-Grind Wash 

II. Free Alkaloids 

III. Bound Alkaloids 

Standards 

1. Morphine 

2'. Code; ne 

-94-

Table XXI 

Spot Rfhl 

77 

15, 77 

3,77 

19 

37 

peaks may represent actual free alkaloids, but more likely they repre­

sent 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 

enhanced in the post-hydrolysis alkaloids, but tlc does not substan­

tiate that 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 

retenti on time. I t does appear, therefore, that there do exi s t 

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

and one or two in bound forms. However, the amount of alkaloid 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 
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the mature.plant. The amount of seed codeine would represent only 

one-tenth of one percent (l/1000) of the total plant at maturation. 

Thus, it appears as if some other more extensive useb made of the 

alkaloids. 

The fact that there do seem to be trace a 1 ka 1 oi cis in the seeds, 

is not necessarily a contradiction of the results obtained by Martin 

and co-workers, which indicate that no alkaloids are synthesized 

until ,about three days after germination. The limits they reported 

for detection were on the order of 1-5 ~g/gm of seedlings. The seed 

concentrations reported here fall below these limits, especially if 

one assumes that there is at least a five-fold weight increase in 

3-d~ seedlings relative to dry seeds. 

Certainly more intensive study of the identity, biosynthetic 

source, and metabolism of these seed alkaloids is needed to deter­

mine their importance to the g~owth and development of the poppy 

plant. Fairbairn's hypothesis32 that these seed-alk~loids 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, were ground, extracted, and hydrolyzed according to Scheme lJ. 

In addition, the aqueous residues from whjch the non-phenolics and 

phenolics were extracted at pH 12 and 8.6, respectively, of paths I 

and I II were continuously extracted with CHC1 3/EtOH (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 

subsequently, this additional extraction demonstrated the ineffi­

ciency of the initial CHC1 3 extraction. All alkaloid extracts 

were separated into their non-phenolic and phenoli~ fractions, 

for easier analysis. 

An ana lyti ca 1 t 1 c of each i so 1 a ted fraction was run. The re­

sult is depicted in Figure 5. 

The following spots in IA and IB can be assigned with some 
i 

certainty: codeine (streak in IA and Rf 0.35 and 0.34 in IIA and 

r&~,: respectively); thebaine CRf 0.57':}; papaverine (VIII) and/or 

narcotine (IX) (Rf 0.80); and morphine CRf 0.20). In addition, IB 

contains two spots (Rf1s 0.26 and -0.39) which are not presently 

identified. The appearance of the yellow spot in nearly all the 

samples, including the hydrolyzed alkaloids, seems to eliminate it 

as a bouhd alkaloid, since it appears to be merely a matter of in­

complete extraction. 

Fractions lA, lB. IlIA, IIIB, IB aq., and IIIB aq. were all 

run on preparative tlc, and bands corresponding to the observed 

spots were eluted with MeOH and CHC1 3. After drying, the eluted 

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

o 
<-o 

Papaverine Nartotlne 

.-
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in Table XXII (non-phenolic alkaloids), Table XXIII (phenolic alka­

loi"~). and Table XXIV (residual alkaloids extracted at pH 9.2). 

The numbers in the tables under the peak retention times are the 

areas of the corresponding vpc p~ks, relative to a reference. 

For the non-phenolics, the reference is codeine = 100 (retention 

time = 4:30, band IA-~). For the phenolics, i.t is morphine = 1,000 

(retention time = 6:00, band IB-b). In Table XXIV, it is the. peak 

at 5:40, band IB aq-c. This is presumed to be residual morphine. 

The vpc spectra of Fracti on II (the check on the eff; ci ency of 

the initial plant extract for free alkaloids) are not included here, 

but it should be noted that significant amounts of several phenolic 

alkaloids were obtained by this second grinding. In fact, all four 

of the peaks observed for the 'racti.on IIIS-c also appear in Fraction 

lIB (as well as IS-d). However, on the basis of the relative abun-

dt;nces of each of these compounds in the three fractions, one can 

conclude that the peak at 7i20 (Table XXIII) is the only one that 

is definitely enhanced by hydro.lysis. All the others seem to be 

lingering, incompletely extracted free alkaloids. 

It is of the greatest importance to our metabolism studies to 

find that no morphine is released by the acid hydrolysis. The data 

presented here make that conclusion absolutely definitive (compare 

the 6-minute peak for Fractions IB and IllS). 

Turning finally to the non-phenolic alkaloids (Table XXI!), 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 ofNon-~heno1ic Alkaloids 
t·· 
'\.-." 

TLC Peak Retention Time (Min) 

SamEk Rf range 4:30 6:30 7:40 11:20 12:45 15:00 16:00 31:30 .' 
'-"",,, 

_ lA- br-e- t' 
t ... .,. 

." 

hydro 1ys; s): """-

cc 
a 0*10 2;4 6.8 86.0 88.0 _ .. 
b 10 + 19 2.6 

I (, 
\0 

c 19 + 37 100.0 7.2 3.9 \0 
I ,rot 

-".-

d 37 + 58 2.3 3.9 r, • 
;b 

58 + 100 15.7 
#-, 

e \nJ 

lIlA (post-

hydrolysis) : 

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 Phenp1ic Alkaloids 

TlC Peak Retention Time (Min) 

SamPl!. ~Rf range 3:00 4:30 5:30 6:00 7:20 16:40 

IB (pre-

hydro lys is) : 

a o -+ II 3.6 

b 11 -+ 30 1,000 
I ..... 

c 30 -+ 42 9.7 3.2 0 
0 
I 

d 42 -+ 100 5.7 13.3 14.2 59.0 

II IB (post-

hydrolysis) : 

a 0-+6 9.7 

b 6 -+ 64 tr. 

c 64 -+ 100 2.4 8.2 14.9 35.2 



" . , 

Table XXIV 

VPC of Alka1oids'Extracted at pH 9.2 

r' 
'--

TlC Peak Retention Time (Min) 
'-' 

Sample Rf range 2:00 2:30, 3:00 4·30 5:40 7:20 : ,14: 40 '16:40 ,.' ~ ~~..,..-

IB aq. (pre- (0'''' > 

"---

hydrolysis) : (.-., 

a 0-+6 17 100' 

b 6 -+ 19 
~ ..... "'" 

I <-..... 
c 19 -+ 28 100 0 ..... 

I C 

d 28 -+ 100 30 41 20 35 30 " , ...... 

II IB aq. (post-

hydrolysis) : 

a o -+ 10 

b 10 -+ 32 

c 32 -+ 100 35 
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was evidence of some lingering alkaloids (in Fraction II). However, 

these do not correspond directly with the compounds produced by 

hydrolysis. This brings us to the point regarding the distinction 

between bound alkaloids and acid-sensitive alkaloids. It is known 

that thebaine undergoes rearrangement in the presence of hot acid. 27 

Whether some unknown plant alkaloids might also be sensitive to 

acid is impossible to determine, without more definitive controls 

(such as treating the normal free alk.aloids 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 problem. 

It is fairly obvious that neither codeine, thebaine, nor mor­

phine exist in "bound" form in the plants of the age $tudied here. 

If bound alkaloids do exist, as suggested by the results, 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 al ka loids are not di rectly 

involved with morphine metabolism at this stage;n the plant's 

development. It would definitely be interesting to do a similar 

study on mature plants, as a check on the hypothesis of Fairbairn 

and co-workers tha t bound a 1 k.a 1 oi ds do play a role in the producti on 

of viable seeds. 32 
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II 1. CONCLUSION 

The results presented here do lend some support to the hypo­

thesis32 that acid-hydrolyzable bound forms of alkaloids exist in 

the seeds of ~ somniferum. Whether or not such forms also exist 

in the plant is still in question, though our results do indicate 

their presence. In the case of the plants, however, the acid­

released alkaloids do not correspond to the more abundant free 

alkaloids. In particular, no morphine, codeine, or thebaine is 

released, 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 playa role in the metab~lism of morphine 

prior to flowering. Examination of plants .beyond that stage should 

be made, to determine whether alternate metabolic fates are avail-

able to morphine in the mature plant. 

The levels of alkaloids found in the seeds, both free and bound, 

represent dnly a small fraction of the total alkaloid content in 

the capsule at the time of seed development. Whether these traces 

of alkaloids are necessary to the propagation of successive genera­

tionsis impossible to determine from these results. However, the 

implications are that thi~ is a minor role, at most, for the morphine 

a 1 klol oi ds . 
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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% H3P04, followed by 50 ml H20. The 

combined aqueous washes were brought to pH 8.6 and extracted with 

CHC1 3 (5 x 75 ml). The latter ex~ract was dried over Na2S04, and 

evaporated to dryness to give the ilPre-Grinft Alka.10ids ll (II). 
I: . 

The washed seeds were transferred directly to liquid N2, frozen 

briefly, then ground in a Waring blender with 30 m1 of 10% Na2C03 and 

100 m1 of butanol/benzene (1:1). The extraction then proceeded in 

the same manner as that for plant alka,loids, to give the alkaloids 

extracted into CHC1 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 CHC1/EtOH (4:1). These two organic extracts were dried 

over Na2S04, and evaporated to dryness, to give the IIFree (pre­

hydrolysis) Alka10ids ll (I). The reDla'ning seed mash was completely 

extracted a second ti me', as a blank check on the effi ci ency of the 

free alkaloid extraction. 

The seed mash ·"05 then centri fuged to separate the sol i d and 

aqueous phases. The soli ds were washed once wi th water, recentri­

fuged, and again separated. The combined aqueous phase was taken 

to approximately 2 M in aei d by addi,ng concentrated Hel, then heated 

and stirred on the steam bath for 2 hr. The solid phase was heated 

. ! 

.. 
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in the same manner after the addition of 60 ml of 2 N HC1. The 

aqueous portion, after cooling, w~s brought to pH 8.6 with 10% KOH 

and solid Na2C03. It was then extracted with 5 x 100 m1 of. CHC1 3, 

and the latter extract dried arid evaporated to give the "Water­

soluble, Hydrolyzable Alkaloids" (Ill). The rem~ining aqueous 

phase was then brought to pH 9.2 and extracted with CHC1 3/EtOH 

(4:1); this extract was also analyzed as water-soluble hydrolyzable 

alkaloids. The solid material, after heating 1.n acid, was cooled 

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

was blended with 200 m1 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 qonnal, to give the CHC1 3 extract at pH 8.6, and a CHC1 3/EtOH 

(4:1) extract at pH 9.2. The two dried and evaporated organic ex­

tracts were then the "Water-insoluble Hydrolyzable Alkaloids" (IV). 

Both analytical and pre.parative tl CiS of the four extracts 

were developed in CHC13/f1eOH/NH3 (3:1:trace). The vpc spectra were 

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

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

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

B. PlartIlBoulid,;.·Alkaloid" Extraction 

Fifty gm of fresh plant material were cut up and frozen in liquid 

nitrogen, and then blender-extracted in the normal manner. A second 

complete butanol/benzene extract was performed 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 SO ml H3P04 (1 M, pH 2). The pH of the 

aqueous phase was adjusted to 12 with KOH (8 M) and solid Na2C03, 

and extracted with 5 x 80 ml CHC1 3 to give the free phenolic alka­

loids. Both organic extracts, as well as subsequent ones, were dried 

over Na2S04' and evaporated to dryness in vacuo. 

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 m1 of con­

centrated HC1, to bring the acid concentration near 2 N. The resulting 

solution was heated on the steam ba~h for two hours, with stirring. 

It was cooled and brought to pH 12 with KOH, and extracted with 5 x 80 

ml CHC1 3. The pH was readjusted to 8.5 with dry ice, and extracted 

with CHC1 3. These two extracts gave, thus, the non-phenolic and 

phenolic water soluble hydrolyzable alkaloids, respectively. To the 

solid phase was added 50 ml of 2 N HC1. The mixture was heated on a 

st~a,m bath for two hours, cooled, the pH adjusted to 9 with KOH, and 

the mixture transferred to the Waring blender. It Was. then extracted 

as normal 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.S% UC-W .. 96 on Aeropak 30 (100-120 mesh), at a column 

temperature of 218°C. 

• .. ' 
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SYNTtiESIS OF NORNEOMORPHINE , 
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I. INTRODUCTION 

Parker has shown that neopinone (X) is present in the poppy 

plant, and is an intennediate in the biosynthetic conversion of 

thebaine (III) to codeine (IV).16 Its presence leads o~e to suspect 

that an alternate biosynthet:;c fate might be conversion to neopine 

(XI) and thence to neomorphine (XII) and norneomorphine (XIII), by 

a ~th paralleling the normal morphine biosynthesis. The possibi­

lity also exists thatnorneomorphine, due to its similarity to 

nonnorphine, may have been the plant-derived normorphine impurity 

which was encountered in some of the earlier l4C02 exposures. With 

both these thoughts in mind, it was decided to synthesize some 

authentic nonnorphine and neomorphine, for use as comparison stan­

dards for subsequent plant work,. It should be hated that none of 

these a 1 ka 1 oi ds (other than neopi'none) has been found as a na ti ve 

popp,.,y constituent. Neopine, however, has been fo'Uf(d in extracts of 

raw~pium.42 

RO 

HO 

x XI: R=CH3 
XII: R=H 

XIII 

• '.,., 
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The synthetic approach taken was to convert I"feopine to neo­

mrphine with HBr in acetiCl<acid. Acylation of the neomorphine, 

followed by treatment with diethylazod1carboxylate, would afford, 

upon hydrolysis. norneomorphine. Some prelimlnary searches were 

made to determine whether or not any of these compounds exist in 

the poppy plant. 
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II. RESULTS AND DISCUSSION 

"" Neomorphine (XII) has been prepared by Small by conversion of 

ne9pine-HBr to 6-acety1neomorphine (XIV) with 15% HBr in acetic 

acid. and·hydro1ysis of the latter in ·2 N NaOH to neomorphine.43 

No~neGmorphine (XII!), however, has never been reported in the 

literature. The conmon method of N-demeA:hy1ation~ the Von Braun 

reaction, w.ill 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 diethy1azodicarboxy1ate as the demethy1atingagent. 44 

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

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

medi ate adduct (XVI). 

XIV: R1=H, . R2=CH3 

XV: Rl=Ac, R2=CH3 
.NH-C02Et 

XVI: R1=Ac, R2=CH2-~ 
C02Et 

i. 



-

I I 

I I 

I 

i 
i " 

-111-

The first step in the conversion sequence was the treatment of , 

neopine·HBr with 15% HBr in glacial acetic acid. Unfortunately, 

these conditions were apparently misinterpreted, and I made up the 

reaglmt by mixing 3.6 ml of concentrated HBr (48%) with 8.4 ml of 

glacial acetic acid. Small had reported a crude yield of about 

75% of the 6.;.acetylneomorphine, whereas I was able to obtain only 

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

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

CH3Br. No such gas evolution was observed under the aqueous condi­

tions used here, probably due to hydrolysis of the resulting CH3Br. 

The product obtained was a cream-colored precipitate, which had a 

broad melting point of 200-245°C, with decomposition. Small reported 

a melting point of 243-251 0 C (evac. tube, decomp.) for once-crystallized 

6-acetylneomorphine. 

The crude 6-acetylneomorphine (300 mg) was hydrolyzed by boiling 

in 2 N NaOH for 10 minutes. The work-up of the product was done 

differently than Small had done. Small had saturated with CO2, eva­

porated to dryness, and digested the residue with CHC1 3. I adjusted 

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

with CHC1 3/IPA (3: 1) .. The residue obtained, upo,nevaporating the 

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

poi nt of the crys ta 1 s was 90-93°C, whi ch compares wi th a reported 

melting point of 107°C for the pure CHC1 3-s01vated 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 

of 107°C; however, crystals (80 mg) had also developed on the residue 
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in the bottom of the sublimer, and these ,melted at 210-215°C with 

decomposition (lit. mp 240-241°, evac. tube, decomp.). 

Attempts were made to improve the initial O-demethylation step 

on neopine·HBr. Two different reactions were run. The first in­

volved demethylation directly to neomorphine, using 48% HBr (aqueous). 

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

which yields 6-acetylneomorphine. The reaction was carried out on 

one gram of neopine'HBr, using a 10-fold molar excess of HBr. The 

problem of wate~-,solubility of the neomorphine, mentioned as a 

deterrent by Small, was overcome by extracting theneomorphine from 

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

was preceded by a CHC1 3 extraction at pH 11 to remove any unreacted 

neopine. Analysis of the latter extract by tlc did show neopine as 

the only spot. The extraction process~gave a crude phenolic extract 

(90% yield), which upon drying at 75° under high vacuum for one hour, 

gave a pale-yellow powder, 0.44 gm (60%), which melted over a broad 

range from 110°-150°C. This implies that the product is partially 

solvated (CHC1 3-so1vate, Which has a melting point of 107°C, com­

pared to 240°C for the free neomorphine). Tlc of the product showed 

only a single spot, Rf = 34, which compares to an 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-a-cetylneomorphine, afteroptaining the non-aqueous HBr (30 ... 32%) 

in HOAc from EastmanChem1ca1s. 15% HBr in HOAC was prepared by 

mixing one gram of the commercial HBr with one gram (0.95 ml) of 
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gl aci a1 teeti c acid. Using this for demethyl ating neopine ·HBr(one 

gram) ,under Sma 111 s condi tions and work-up procedure, gave a 66" 
, ' 

yield of crude 6-acety1neomorphine. Analysis by t1c and vpc indi-

cated the presence of about 10% neopine, and the melting point of 

190-250°C (decomposition) confirmed this lack of purity. 

To prepare diacetylneomorphine for the subsequent conversion 

to norneomorphine, 6-acety1neomorphine was prepared using the ori­

gin'al conditions tried {Le., 15% aqueous HBr in glacial acetic 

acid). A 55% yield of crude product was obtained, and tlc showed 

it _be much more pure than previously. This was converted directly 

to diacety1neomorphine by acetylating with acetic anhydride in 

pyridine, at room temperature f9r'32 hours. 43 The product, recry-' 

stallized once from Ligroin, was a white" crystalline solid, with 

a melting point of 124-l28°C (lit. mp l27-127.5°C). It gave a single 

spot, at Rf = 64, on tlc; this compared with an Rf of 70 for the 

morphine analog, heroin. 

Jt should be noted that diacetylneomorphinewas also prepared 

from 'both 6-acetylneomorphi,ne and neomorphine, using refluxing 

acetic anhydride. Although the crude product was pure diacetylneo­

morphine by tlc and v~c (Rf = 8:40), several attempts to purify it 

further by recrystallization and sublimation failed. However, 

enough pure material was on hand for the final conversion tonorneo­

morphine, so this investigation was dropped. 

Treatment of diacetylneomorphine wi thl.8 equivalents of di­

ethylazodicarboxy1ate in benzene. followed by a basic hydrolysis of 

the crude product, gave a 72% yield of norneomorphine (m;p. 120-150°). 

This product was pure by tlc CRf = 22, compar,d to Rf = 19 for 
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nonnorphine). It was indistinguishable from nonnorphine by vpc. 

However, conversi on to the tri acetylq'<ieri vati yes wi th refl uxi ng 

acetic anhydride accomplished a definitive separation by vpc (Rf = 

28:40 for norneomorphine-Ac3,36:40 for normorphine-Ac3). It should 

also be mentioned that the diacetates of morphine and neomorphine 

are well separated by vpc (8:55 and 7:00, 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-

acetylneopine,45 and -6~acetylcodeine45 are included for compari,son. 

'A~A~8"\'be"'seenfr9m ttRzt;d~,JQOrphine 'andneomGf'phirie are read; ly 

d1stinguish;:}ble by nmr. The same is true for nonnorphine and norneo-

. morphine, whose nmr Jpectra are sUllJl1arized in Table XXVI. 

No defi ni ti ve search has been made for the ~O'-seri es in the 

plant. One plant extract, of 90-day-eld plants, did ~'how a peak in 

vpc wh1ch co-chromatographed with authentic norneomorphine (as the 

peracetates). A crude approximation of abundance indicated about 

0.6% relative to the morphine concentration. A sU!Dsequent extract 

of 87-day-old plants failed to confirm this finding~ so the results 

are still inconclusive . 

. No J1~~orphine has been seen, although the presence of large 
I ~~ 

quaflttttes of both. morphi ne and codetne i. nterfere cons i derab ly wi th 

its detection. A peak has been observed in several plant extracts 

Which does correspond to neopine. Further evidence for the presence 

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

spectrometer system. 

~ I 
I 

• i 
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• Table XX~, 
." 

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

• 
i i Neoheroin Heroin 6-AcNeopi ne 6-AcCodeine 

1.2-H 6.70 6.64 6.59 6.67 

5$-H 4.70 5. 1 4.66 5.02 

6-H 5.4 5.1 5.4 5. 1 

7-H 5.6 5.62 

8-H 5.46 5.45 5.44 5.36 

9a-H 3.58 3.34 3.59 3.36 

lOB-H 3.2 3.06 3.28 3.08 

3-0Cl:!a -.-'" 3.85 3.85 

~ N" 2.44 2.45 2.44 2.43 
.'. 

3-02CC!iJ 2.27 2.28 

6-02CC!!a 1.53 2.14 1.49 2.15 
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Table XXVI 

Chemical Shifts (0) • ';,/ 

Triacetyl- Triacetyl-
• . ~. 

Proton(s) normorphine norneomorphine , 

1,2-H 6.68 6.75 

5-H 5.1 4.8 

6a-H 5.1 5.6 

7'-H 5.6 

8-H 5.45 5.6 

9a-H 3.4 3.5 
" 

lOa-H 3.1 3.1 

3-0Ac 2.25 2.30 

6-0Ac 2.15 1.55 

N-Ac 3.32 3.5 
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III. CONCLUSION 

The synthetic procedures tested here do provide a suitable means 

for preparing both neomorphine and norl'J~omorphine. If neomorphine 

is th~ desired product, the best O-demethylation procedure seems to 

be treatment of neopine-HBr with aqueous 48% HBr. The pt'eparation 

of diacetylneomorphine for subsequent N-demethylation to norneomor­

phine. however, is best done by making the 6-acetylneomorphine, in 

non-aqueous HBr/HOAt •. and converti ng thi s to the di acetate. As noted 

in the discussion, the conditions used here left some unreacted neo­

pine. It seems likely that extending the time of the reaction should 

bring it to completion. This could easily be followed by vpc to 

determine optimum conditions. 

The use of diethylazodicarboxylate as a demethylating agent 

proves to be very successful fot this type of compound. 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 

nearly quantitative. 

Additional work is definitely called for to determine whether 

or not the neo-seriesof alkaloids exist in the popPy plant. The 

availability of authentic standards and a suitable extraction and 

analytical procedures make such stud1~s feasible. 
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IV. EXPERIMENTAL 

A. Preparation of Neomorphine 

A suspension of 2 grams of neopine hydrobromide in 12 ml of HBr 

in glacial acetic acid (3.6 ml of 48% HBr and 8.4 ml of glacial 

acetic acid) was stirred and heated to 145°C over a period of one 

hour. This was followed'by 15 minutes of refluxingat 145°C. After 

cooling the product mixture to room temperature, 12 ml of H20 was 

added, followed by concentrated NH40H to near pH 7. Additional 

NH40H was added to the solution at O°C, until a copious precipitate 

was obtained (about pH 8). This precipitate was filtered, to give 

420 m§ of a cream-colored solid, crude 6-acetylneomorphine. 

300 mg of this crude material was dissolved in 2 ml of 2 N NaOH. 

This solution was bGiled for 10 minutes. After cooling only slightly, 

the solution was added to 2 ml of 1 M H3P04 (pH 2.5), and the re­

sulting solution was brought to pH 8.6 with additional 1 M H3P04. 

, I Water was also added to bring the total volume to about 15 m1. The 

solution was then extracted with 5 x 20 m1 of CHCl3/IPA (3:1). The 

organic extract was dried over Na2S04, 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 m~crons, for 6 hours. This yielded 80 mg 

of neemorphine, with a melting point of 210-215°C. In addition, 

20 mg of CHC1 3-solvated neomorphine was obtained as a sublimate; this 

melted at 107°C. 
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An alternative method for preparing neomorphine directly from 

neopine was also tried, wi·th some success. To 19m 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 to 145°C over a period of an hour. 

After cooling the solution, it was brought to pH 11, with concen­

trated NH40H and 8 M KOH. The solution was then extracted with 

2 x 25 mT of CHC1 3 to remove any unreacted neopine. The pH of the 

aqueous solution was then brought to 8.6 with H3P04 (conc.), and 

extracted with 4 x 25 ml of CHC1 3/IPA (3:1). The organic extract 

was dried over Na2S04, and evaporated to dryness. The residue was 

dried for one-half hour at 75°C, 100 microns, yielding 0.44 gm of 

a dry brownish powder, which melted over a broad range of 1l0-150°C. 

Chromatographic analysis (tlc and vpc) showed only neomorphine. 

B. Preparation of Diacetylneomorphine 

The procedure used by Sma11 48 was rnodifiedsl.ightly in the work-up. 

To 10 gm of neopine'HBr was added 60 ml of aqueous 15% HBr (in acetic 

acid (18.8 ml of 48% HBr diluted to 60 ml with glacial acetic acid). 

The suspension was heated slowly to llSoC, where boiling commenced, 

and then to 145°C over the next hour. The solution was cooled, and 

brought to neutrality with NH40H (conc.). The solution was kept at 

O°C for 2 hours, and the precipitate formed was collected, to give 

1.13 gm of a solid melting at2S0-259°C (dec.); the reported melting 

point is 245-25l oC (dec.). The pH of the aqueous residue was ad­

justed to 8.6, and the solution extracted continuously with CH2C1 2 
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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 yellow crystals, 

"I 

~ . ;: 

m.p. 250-266°C (dec.). 

The combined products from above were acety1ated with 8 m1 of 

pyridine and 4 m1 of acetic anhydride. This mixture was allowed 

to s1 t at room temperature for 24 hours, aj: whi ch time tle of the 

reaction mixture showed a single spot, corresponding to thediace­

tate. The solution was evaporated in vacuo to reduce the volume as 

much as possible. It was then dried over H2S04 (conc.), under high 

vacuum, overnight. The syrupy residue was emulsified 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 evaporated to yield a yellow 

syrup. Recrystallization from ligroin (b.p. 60-110°C) gave 340 mg 

of diacetylneomorphine, having a melting point of ll7-125°C (reported 

melting point is 127-t28°C). Analysis by tlc, vpc, and nmr indicated 

purity. This material was used as i.s for the subsequent conversion 

to norneomorphine. 

C. Preparation of NOrneom~rphine 

To 230 mg of diacetylneomorphine was added 5 m1 of benzene and 

0.15 ml of diethylazodicarboxylate. The resulting mixture was 

brought to reflux, 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 ref1uxed at 125°C, under 
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nitrogen, for two hours. The pH of the cooled solution was brought 

to 8.6 with 5% Hl04: The solution was extracted with 6 x 30 ml of 

. CHC1/IPA (3:1), the organic extract dried over Na2S04, evaporated 

to near dryness in vacuo, and then to dryness under high vacuum. 

This yielded 133 mg of a pale yellow solid, m.p. 120-1S0°C (pre­

ceded by bubbling). 
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