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INTERMEDIATES IN THE BIOSYNTHETIC CONVERSION OF THEBAINE TO CODEINE
"IN PAPAVER SOMNIFERUM .

Harriet Inez Parker
Lawrence Radiation Laboratory .
University of California
Berkeley, California

March- 1971

ABSTRACT

:The biosynthesis of opium alkaloids has inferested scientists
for many years, both because of the comp]ex1ty of structure of
these compounds and because a greater understanding was sought re-
.gard1ng their importance in v1vo in the hope that this understand1ng'
'wou]d a]so ]end some 1ns1ght into the reasons for the great pharma-
'c01091ca1 1mportance of these a]ka]o1ds Many of the steps on. the
b1osynthet1c route to morphine have already been e]uc1dated The
final steps have been shown to involve the conversion of thebaine to
codeine;“wnich is‘tnen‘demethylaiedvto‘morphine. Since the conversion
of thebaine to codeine involves two reactions, a demethy]ation and a
reductfon, at least one intermediate must;be involved. If reduction
occurs finst, cooeine methyl ether wi]] be an intermediate in the N
conversion. On the other hand, if~demethyiation occurs ffrst, codei-_
none will be the‘fequired intermediate. |
| The 1n1t1a1 purpose of the research described in th1s paper was o
to determ1ne whuch of these two paths was fo]]owed in vivo. | Exper1-
menta] evidence was obtained by three tynes of experiments: precursor

'feedings'of the proposed intermediates; a search_for'eacn_of the




-vi- |
vcompounds fn opium poppy p1ants (Papauer sbmniferum)§ and finally,

1n the case of code1none, an exposure to ]4C0 “under "steady state"

-cond1t1ons (i.e . s cond1t1ons wh1ch are 1dent1ca1 with the normal
cond1t1ons of growth --‘except for the rad1oact1ve 1abe1 -- and in
which the spec1f1c act1v1ty-of the ]4C02 does not decrease durlng
the exposure time), followed by a compar1son of the specific acti-
v1t1es of the 1solated thebaine, code1none, and code1ne Although
the precursor feedings demonstrated that both - code1ne methyl ether
. and codelnone could be converted to COdE]hG by the plants, no
codeine methyl ether could be found'in*the plants. On.the other
~ hand, the'presence'Of.COdeinOne_was‘detected; and after the "steady
~ state" exposure’its specific octivfty fell between those‘of thebaine
.and>COdedne; as would be expected if ft were an intermediate in the
~ conversion. |

-Once the ro]e of codeinone had been establlshed the poss1b1e
involvement of neop1none in the biosynthetic conversion of theba1ne
to codefnone_was studied. A precursor feeding did indicate that
neopinone couid be converted to codeine by the plants. In addition,
the:presenceuofhneopinone”in the plants was detected. Therefore, it
appears_1ike1y that thevbiosynthetic route from thebaine to codeine
‘inv01Ves initial demethy1ation.to neopinone, rearrangement to codei-

" -none, and then reduction to codeine.



1. INTRODUCTION

'vThévbiosynthésis of opium §1kéloids has interested scientfsts
’for many‘years, both,bécausé.of the complexity of structure of these
compbuﬁds'and because a greéter understanding was sought.regarding
their impOrtanCé in vivo in the hope that this underétanding would
élso lend some'insight into the redsons for the great pharmacological
importance of these a]ka]oids. Since good»reviéws havé frequently
appeared on the subject of the biosynthesis of morphine (the most
recent sdch'review'i§ by Kirby]), only a brief discussion of the
known’seqqénCe of steps will be presented in this thesis (Chapter I1).
‘The finaT'stps in the’biosynthesis of morphine have been shown?

tb'ihvolve the'cohveréioh of thebaine (I) to'cbdefne (V);fwhich fs
theﬁ démethylated to morphine (VI). Since the coh?ersion of thebainé
‘(I)_to'cddeine (V) invd]ves two reactions, a demethylation and a re-
ductibn,'at least one intermediate must be 1nvo]9ed,: If reduction
occurs first, codeine methy! ether (II) will be an intermediate in

the .conversion. On the other hand, if demethy]ation'occuks first,
codeinone (1v) will bé'the required fntermediate, ‘The inifia] purpose
of the research described in this paper Qas to determine which of |
'thesevtwO-pqths'was followed in vivo. After evidence was obtained
which favored the ro}é'of codeinone (IV) in the conversion of thebaine
to codeine, the pbtential invo]Vement of neopinone (III) in the route

from_thebaine to codeinone was studied in order to gain some



| undéfStanding;of}thé hechahism df thisnconyefsion..'Evidénce was ob-
tained Whibh did favdr the involvement of neopihone invthe-biosynfhesis
of morphine; A detailed discussion of thisiwork is pért of this thésis_
| Ih the cdurse of studying a biosynthetic.route, the methods (and
_aésumptioné) used for such a study have come under careful scrutiny.
Some'very‘impbrtant‘changes were made in these methods in order to
reduce'thé kindS'bf'miSinformation to which’biosynthetic studies are
) subjeét; 'Thereforé;.a discussion of biosynthetic methods and the |
changés which Were.made in some of these methods will also be pre-

sented in this thesis.

©



I1. BIOSYNTHESIS OF MORPHINE

",A]though there are many compounds , Such a;-amino-étids Anq carbo-

.hydrateé, which exist in all plants, thevgrOUpVOf c§mbbUnd$ known as
é]ka]oﬁdsfis not”nearly aSFWidéspread. Alkaloids may be defined as |
lorgahic compoundé Which”are-naturélly occurring which contain nitrdgen
fas’an amino gfoup (although synthetic analogues are often given this-
“title as'we]]); The hitrogen is‘usua11y present in a heteroqyciic
ring;iénd the sfruﬁtures_of most é]kaToids are quite comp]éx, inVo]ving

v severé]vfused rings. o | |

| MThe:distrithion‘of a]ka]bfds in 11v{ng'6rgahisms’is quife broad,
but:neverthe1es§ they do not exist in most speéies. -Mosf a]kalbids_

| which”aré knoWn‘today have been found ih vascu]ar'plénts, but alkaloids

have‘a]so been found inlfungi (for eXamp]e, the ergot alkaloids), and
4

theke:are also severa1‘a1kaloids whichvhave been isolated from anima]é.
_ W1thin ihe plant kingdom, alkaloids have been found in at least 38

familiés,3 6verv3000 different alkaloids having:beén_isolated from

about 4000 p]ant specie5,4' Aside frbm the'poppy family Papaveraceae,

in which all species have been found to contain alkaloids, wfthin most
B fahilfes on]y'Specific:SPécieslbr genera‘cdnfain alkaloids. In 1
 'genéra1,.when'the relationship- between genera is close, the structures
- of the alkaloids isolated from species within these genera are also

quite similar.3



~?Tné+é7aré-no piantiOrgansufn uhich afkatoids-haveinot been. foundt
'However, 1n a glven spec1es, certa1n organs may be a1ka1o1d free --
for examp]e the opium poppy seeds are devo1d of alka]o1ds The
.places 1n whlch h1gh concentrat1ons of a]kalo1ds usua]ly occur are .
fn:' (a) act1ve t1ssues and grow1ng fru1ts, (b) surface tlssues,:‘
.Wsuch as the ep1derma] Tayer and the layers JUSt below it; (c)~yascu1ar
: sheaths, and (d) 1atex vesse]s 3 B d | |
"“The funct1on of the alka]o1ds w1th1n p]ants is st111 a subJect
.'open for much specu]at1on at th1s po1nt S1nce only approx1mate1y 15A
of the known spec1es conta1n a]ka]o1ds, and the structures of these |
alka]o1ds are qu1te d1verse, it is 11ke]y that the ro]e of these alka--
101ds 15 not un1versa1 (1n fact an a1kalo1d conta1n1ng p]ant when .
' grafted to -2 non- a]ka1o1d conta1n1ng p]ant, w1]1 cease to’ produce
.alkalo1ds w1thout show1ng any phys1o1og1ca1 abnorma]1t1es) Some
1deas wh1ch have been proposed for the funct1on of the alka]o1ds are3
,i(a) 1nvolvement 1n n1trogen metabol1sm and detox1f1cat1on, (b) pro-
: tect1on from 1nsects or other predators, (c) d1rect 1nvo1vement in
.'general metabo]1sm, e1ther as methyl carr1ers, or possibly as co-
factors, or being 11nked tovregulatory.mechan1sms in some.manner, and
~(d)no metabo1ic.function; thefr.fOrmationvbeing merely a result of
'harmless.mutation. Atfpresenta“none of these roles haye.heen firmly
demonstrated, and much further s tudy must be done in this field.

7-in;the case.of;the opium poppy plants, the-concentration of the-
;baine,and'other a1kaioids varies greatly with the age of the plants.
,;YNo.unbound a]ka]oids'haue been'found in the'seeds. The presence of

" thebaine can barer be detected (a_concentration-of 1 ug/9g fresh plant
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weight) 1n:§gday-old seedlings, but then it rapidly accumU1ateSIa”d

‘reaches its maximom concentration (125 ug/g fresh plant weight) in

5—day}o1d‘seed]ings.5v In older plants the concentration is consider-

”ably 10wef, ohd is around 3-4 ug/g fresh plant weight'during'the time

the plaht 1s]blossoming andfforming its seeds. ~On the other hand,

codeine can be first detected in Seday-o]d seedlings, but it does not

' reach‘its'maximum concentration (125 ug/g fresh plant weight) until

60 days,;after'Which its»]éve] decreaseé'to.approxtmate1y 40 ug/g
freshfolahthweight during pTant biossoming. It is apparent that the
rate of.synthesis'of the opium alkaloids is notfthe same throughout the
]1fe cyc]e of the plant. fhis differehce ih‘rate'is probebly due to
d1fferent levels of enzymes -- a determ1nat1on which has not yet been

done. The alterations in alkaloid'concentration with the_age of the

‘ pTant aTso'WOo1d tend to indicate that a]ka]oid synthesis is not a

total]y useless function for the plant -- i.e., that at certa1n times
in the plant's growth the need for a1ka1o1ds is greater for some reason
or another, and therefore more are formed. | |
-Elucidation of the structures of the alkaloids and in vitro syn-
thesis of these molecules hae cha]]angedvchemists_for yearé. Many |
a]ka]oids‘a1sovhavevthe-added attraction of having important physio-
1ogfcé1 effects when used by humans -- in fact, many of the p]ants-

from which alkaloids can be isolated were used by witch doctors in -

‘their treatments or were (and are) used in social ceremonies for psycho-

Togical effecte induced by the alkaloids -- or were used as poisons!

Opium has been known for thousands of years, and has been used in

- many societies, both for its medicinal effects and for the euphoric



. -6- .
:effects 1t produces when. smoked It:is obtained;from”the'immature

seed capsuTes of the poppy Papaver somn1ferum (aTthough other species.

_‘w1th1n the apave genus conta1n some of the op1um alka]o1ds, none
Aconta1n morph1ne or code1ne) 3 The capsuTes are- s]1t,vand a. v1scous, @
‘m1Tky T1qu1d (the Tatex) exudes This - T1qu1d soon dr1es and ‘darkens in
; -the a1r, form1ng a dark, sT1ght1y st1cky substance wh1ch can be scraped
-off the<outs1de of. the capsuTe Th1s 1s 0p1um The~aTka101ds of
'0p1um are aTso present throughout the pTant at all stages of growth
except poss1b1y as seed11ngs 5 \Most-of the aTkaTords are found 1n-the
: ‘Tatex, wh1ch occurs in Tatex tubes throughout the pTant and are part1-
'cu]arTy numerous 1n the waTT of the | capsuTe 3
The ch1ef aTkaTo1d respons1b1e for op1um s med1c1na1 and - psych1c
vueffects 1s morph1ne (VI), wh1ch may const1tute up to ZOA of the opium. 6
.T'Even today, morph1ne is the best pa1n re11ever ava11ab1e | Code1ne (V),
vwh1ch 1s aTso found in op1um, acts as a m11der anaTge51c, 1ts effects
' be1ng caused “by 1n vivo demethylat1on to morph1ne in the patlent 7.
Other opium aTkaTOIds have aTso been found to have pharmacological
-<'act1v1ty,8 and some,_such as theba1ne (I),-have provided a good starting
point for s&nthesis of'related compounds ATthough'opium'has'beenbthe
source of many pharmacoTog1caTTy 1mportant compounds most of these
compounds are addicting. | Therefore the search for anaTogous compounds
:;wh1ch are non- add1ct1ng still: cont1nues
| Both from the chem1st s and from the pharmacolog1st s po1nt of ¥
view, the structure and synthes1s of each of the med1c1na11y useful |

optum‘aTkaTo1ds has been.of greatw1nterest.  Work towards-the elucida-

1;tion.of1the structure of morphine started with its isolation from opium



o~

_theses of morph1ne were achleved in the 1950's by Gates and Tschud1

1910, Winterste1n and Trler

'1n_]925, restated in his book in 1955

o - -7-
by’ Serthrner in 1805, 9 and was not f1n1shed unt11 two comp]ete syn—v

10,11

and by E]ad and~G1nsburg,]2 13-

‘and an X-ray ana]ys1s was reported by
4 - |

Mackay and Hodgk1n
| The b1osynthesis of morph1ne has also been of 1nterest for several -
years even before its structure was comp]ete]y known. As early as.
15 attempted to describe the biosynthesis
of alkaloids as part of the general mEtebolism of amino acids. Then in
1917, RObinson]G'suggested that amino‘acids‘such as tyrosine (VII)
mﬁoht'be inuolued in thetbiosynthesis of~benzyTisoquino1ine alkalofds;
It was Robinsoen who.rea]]y laid the foundations of modern biogenetio
tneoryttnrough his structura1'oorre1ations of many widely differing

alkaloids. He based his discussions on known chemical reactions. For

‘example, if dihydroxyphenylaienine (VIII) were, on the one hand, to

decarboxylate to the am1ne (dopam1ne) (I1X), and on the other, to oxida- ..

t1ve1y deaminate to the ketoac1d (x), condensation between the amine

and the carbonyl could occur, followed by cyc11zat1on and decarboxy-

1ation to a benzylisoquinoline alkaloid. One further suggestion which

Robinson made at that time, based on an incorrect structure of morphine,

was a suggestion which neverthe]ess has been substantiated by recent

studies -- i.e. ,‘that certa1n benzy11soqu1nol1ne alkaloids are the

b1osynthet1c precursors of morph1ne In fact, a subsequent suggestion
18 when the structure of morphine
was known pointed out that rearrangement of the skeleton of nor]audano-

so11ne (XI) by rotatlon of r1ng A about the dotted line, as shown on the-

| "fol]ownng page, yields a structure whose re]at1onsh1p to morph1ne (VI)



XIII. R = CHy, R*.="H

 XIV R=H,R'= CH,
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'biqsynthesis of morphine‘(VI), as”proposed by Robinson,

-9- | |
is immediete]y apparent. This early work led to the propOsa]ffbr'the
structuke of mokphine wﬁich was ffné]]y shown to be correct several
years ]ater . | |

Very little progress was made in the actual study of the b1osyn-.

'thesis of alka]qjds until d1scovery of radioactive 1sotopes. With

'the'avai]ability ofia:]abel,btraeer studies could be conducted to

detéct_cempouhdsvpresent in trece amdunts, and feeding experiments
could bé_COndUCtEd_to determine whether‘a propesed fntermediate of a
biosyhtheiic conVersion actually was invo]ved‘{n that sequence. o
' During fhe peét decade, mﬁéh Work has been deVoted to the study
of tHe'bioéynthesis of opium alkaloids, particularly to that of mor-
bhinef;'Mahy ofethe steps in this sequence have been e]ucidated,. |
eTthd&gh there are several questions,whichvsti11 remain to be

answered, not the least of which are questions regarding the biolo-

"gical function of morphine and the other alkaloids in the plant.

The involvement of tyrosine (VII) or related compounds in the

18 was examined.

19 20 14

by severa] groups.. Both Baftersby and Leete“" fed tyrosine-2- "C to

: Pqpaver somniferum plants and obtained incorporation of activity into

morphine‘tb.an'extent kanging from 0.017%20 to 1.7%;19 depending upoh
the feedihg technique emp]oyed (Leete used a root feeding method, and
Battersby injected the labelled compound directly into the immature
seed capsule of the poppy plant). Degradat1on of the morphine iso-

]ated revea]ed that spec1f1c incorporation of Tabel had occurred at

eC 9 .and C-16, as would be expected if the biosynthetic route from

_ tyroSine_goes as predicted through a benzy]isoquino]ine intermediate,



[foIIowed by cyc11zat1on to a morph1ne type structure In additjon,ea '

2l o 3 4 d1hydroxyphenethy1am1ne 1-14C (dopamine»(IX))

s1m11arvfeed1ng
Ied to 1ncorporat1on 1nto morph1ne w1th the Iabe] onIy at C 16 once '
vaga1n g1v1ng support to a b1osynthet1c route to morph1ne from compounds
reIated to tyros1ne : | A - -

' Severa] benzy11soqu1nol1ne aIkan1ds were exam1ned for the1r in-
;v01vement in the b1osynthes1s of morph1ne NorIaudanosoI1ne (XI)
vIabeIIed e1ther at - I or at c-3, ~was found to have good 1ncorporat1on
| _1nto morph1ne (2 2 - 3 97), W1th the»1ncorporated IabeI spec1f1ca1]y
at C 9 or C 16, as wouId be expected Var1ous methylated forms of nor-
'1audanosoI1ne were aIso exam1ned for 1ncorporat1on Rap0port et al. 2
- had a]ready demonstrated that morph1ne is der1ved from theba1ne (1) by
V-demethy]at1on and reductwon (see be10w) Therefore, the benzy]1soqu1no-
_ Tine - precursor of theba1ne would be expected to be methy]ated probab]y
'v1n a very specif1c manner. The compound whwch has a methyIat1on pattern
agree1ng w1th that of thebaine (1) is retxcu11ne (XII) Upon being fed
to the pIant, ret1cu11ne was 1ncorporated 1nto the morph1ne type alka-
.Io1ds In.order to answer the.opJectlon that the incorporation of
'reticu11ne might.have}beenldue,to prfdr demethylation of reticuline
"v‘(xu) to norlaudanosoline (XI), the reticuline fed wad specifically |
Iabe]Ied in the N-methyI .and 0- methyl groups as ‘well as at C-3. 24 The
rat1o of act1v1ty 1n the methyI groups to that at C-3 was determ1ned
In the asolated'morphlne these same activity ratios were measured and
found'tomhe!unchanged,'thus.indicating'direct biOSynthesis'from,reticu-
~ line: A]so, it was found-that a benzylisoquinoline with a-different

methyIation pattern'(for examp]e,_tetrahydropapaverine (XIII) or even



'Battersby

-

'»or1enta11ne (XIV) -- and others were. also tried) was not 1ncorporated '
' 1nto the morph1ne-type aIkanids 22,24 The methyIat1on sequence

.'Ieading from norIaudanosoI1ne (XI) to reticuline (XII) must st111,be’

determ1ned Pre11m1nary work22 has shown that N norret1cu11ne (XV);
when fed to the pIants, does become converted to morph1ne

To account for the trans1t1on from a’ benzyl1soqu1no]1ne structure
to a morph1ne type structure, a method of ox1dat1ve cyc]1zat1on of

ret1cuI1ne (XII) was proposed by Barton and Cohen 25 They suggested

a rad1ca1 ox1dat1on of the pheno]1c hydroxy] groups of ret1cu11ne to

furn1sh two phenoIate radicals wh1ch, by_1ntra-moIecuIer coup11ng, :

'wou1d’y{e1d addienone (XVI); By analogy with their work on Pummerer's

ketone and the_cyclization following dienone formation observed.there

- (xvi1),28 they originally proposed that formation of the oxide bridge

VWOUIdvthen lead to the enonev(XVIII), which on reduction would give

the enoI“(XIX), which in turn could be dehydrated to thebaine (I) and.
thence eventuaIIy to morph1ne An aIternate route was suggested by

27, 8 who proposed that the dienone (XVI) was re-

and‘GTnsburg,
duced‘to,the dienol (XX) rather than_cycIiZed to the enone.(XVIII)._.
CycIIzation_of-thevdienol'(XX) would Iead directly to thebaine (I).
The'dienone'(XVI) was hot a known compound at the time, but Barton
et aI 28 ‘were able to synthes1ze it. Short]y thereafter a new alka-

Toid, saIutarid1ne, was isolated from Croton saIutar1s and was shown

to bebidentical with the dienone synthesized bvaarton;23‘ A study of

: the-dienone saIutaridine (XVI) in both acid and base demonstrated.that

'¢ 1ts most stable form was the ‘open one, and that ring closure to the

enone (XVIII) couId not be induced to occur "spontaneous]y On the -
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‘ | -]3‘nﬂc |
other hand sa]utar1d1ne (XVI) was eas11y reduced w1th borohydr1de to
salutar1d1no1 (XX) wh1ch was found to cyclize quite readily to the-
baine 1n aqueous acid. 28 This in v1tro observat1on added further
support to the proposed roles of sa]utar1d1ne (XVI) and salutaridinol
(XX) in the b1osynthet1c convers1on of retwcullne (XI1) to thebaine (I).
Indeed sa]utar1d1ne (XVI), when fed to the p]ants was found to

28

be 1ncorporated into the morphine-type a]kaloids In addition, 1ts

presence was f1na11y detected 1n trace amounts in. Papaver somnlferum
28

-p]ants. The reduction of . sa]utar1d1ne mentloned above had 1ed to
tuo neadily separab]e ep1mer1c-a1coho]s, salutaridinols-I and -II.
Eacnﬁof these alcohols Was'fed.separateiy-fo the plants, and salutarf—
dihai;xf(xx) was found to be fncorporated into the morphine-type
a]kafoids 15-20 times more readily than salutaridinoi-II. A subsequent
analysis‘of the stereochemistry at thedalcohol function indicated that
salutaridinol-1 has‘the_structure shown (XX).2°

At this point,'sone other.interesting'stekeochemical'studies
mighf‘be mentioned. Reficu]ine (XII)-has oneiasymmEtric center, at C-1,
thus:providing the opportunfty for'optical fsomers. The stereochemistry
aboui the corresponding asymmetric center of thebaine (I) (C-9) would
predict'that (<)-reticualine (XII) and noi,(;)—reticuTine should be an
: effectiue pkeCUrsor of thebaine. A]]'studies described‘to.this point
‘had been with (+)- ret1cu11ne, SO no stereochem1cal d1fferent1atlon
cou1d have been determined. However, the enantiomers were-reso]ved,24-
and: then each compound was fed separateiy to poppy plants. The results
were quite surprising'indeed:' both isomers were incorporated into |

thebaine! In fact, subsequent experiments were able to isolate
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reticuline from Papaver somniferum plants and to show that both (+)-

and (-)~reticuline occurred neturally in the plants, the ratio of the

30,31 5 facile conversion of (+)-

two varying with the plant's age.
and (-)—keticu1ine into dehydroreticuline (XXI) was proposed to
account for both jsomers being incorporated into thebaine. Dehydro-
reticﬁ1ine was then fed to the plants, and excellent incorporation
of Tabel into morphine was deteéted.24

In terms of absolute stereochemistry, the interconversion of
enantiomers is a step which must occur somewhere along the line in
the biosynthesis of morphine. The absolute configuration of the mor-

132 and X—ray33 evi-

phine alkaloids has been established byvchemica
dence. The Configuration about C-9 is the R configuration, whereas
the absolute configuration of naturally-occurring amino acids is the
S configuration (as related to glyceraldehyde). Battersby24 has re-
lTated the configuration of (+)-reticu1ine to that of (+)-laudanosine
(XXII); whose abso]ufe configuration has been established to be 5.34
Therefore, (+)-reticuline must be converted to (-)-reticuline (XII)
before the formation of thebaine (I).

The concluding steps in the biosynthesis of morphine (VI) have
been found to be a conversion of thebaine (I) to codeine (V) and
).2’35 The sequence of these final steps was

finally to mbrphine (XI
elucidated by two methods. Short- and long-term exposures to 2
were conducted and the relative specific activities of each of these
alkaloids were determined.35 A comparison of these specific activi-
ties agreed with a thebaine - codeine - morphine sequence. 1In

addition, feeding experiments were done with each of these a]kaloids.2
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‘Incorporatfon from thebaine was found in both.codeine and morphine,
whereaé'incorporation from codeine was found on]y,in morphine, and
"o incorporation into either of the other tWo aika]oids was>detected
when'morphine-was féd.» “ | “ |
"~ The ﬁomp1ete biosynfhetic scheme,,as it is.cufrently known_frpm
}norlaudanoso]ine (X1) to,morphine (VI) is presehted-on'page ]6; In
thié.scheme, the involvementfof}codeinone (IV) and of nebpinonev(III)'
has also been indicated. Evidence with regard to the fo]es played

by these compounds is the subjeét of the remainder of this thesis.
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III. TECHNIQUES USED FOR BIOSYNTHETIC STUDIES

’Befofe the-edVent of readi]y-avai]ab]evfadioaetiﬁe isotopes, very
11tt1e progress was made in study1ng the b1osynthes1s of natura] pro-
ducts In vitro exper1ments were conducted, and pred1ct10ns about
'b1ochem1ca1 react1ons could be made based on known chemical reactions.

18 was qu1te

As was d1scussed in the previous section, Rob1nson S work
51gn1f1cant in this regard. Pred1ct1ons of the kind that he made
helped to remove a Eektaih‘"b1ack box" aura from.the study of chemica]v
éonversdbns 13;31393 Although it is'known that enzymes in living orga-
nisms can assist chemical conversions which are often'very difficult,
if'not 1mpossib1é, to induce 6n the chemist's 1aboratory bench, never-
“theless the reactions and interactions involved are, in the}]ast
analysis, chemical and physical in nature and do not defy the funda- -
mental laws of-scfencé. | | _

On the other hand, it must be understodd that reactions which may
occur in vitro may nof necessarily occur in vivo. As a trivial
‘examp]e of this, considek'fhe codeine - morphine system. In vivo,
codeine is'demethylated to morphine, but the reverse reaction does
not ocCur,2 in spite Qf the fact that the plant system is known to _
contain agents which will methylate phenols, such as norlaudanosoline®?
(see Chapter II). On the other hand, both the methy]diion of morphihe :
36

and the demethylation of codeine can be done in vitro.”" " Therefore,

ohe_thing which must always be keptdin mind when studying or
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-'d'predict1ng b1osynthet1c convers1ons 15 tha_ v1tro react1ons have,
h at best a tenuous relat1onsh1p to react1ons which occur 1n v1vo

- Before the’ ava11ab1]1ty of rad1otracer techn1ques, very few
;jg;ylxg_experaments had been conducted to study the b1osynthes1s of
aikalotds Soime attempts were reported in which large amounts of a.
proposed precursor of an a1ka1o1d were fed to the plant in the hopes
of be1ng ab]e to observe an 1ncrease 1n the poo] s1ze of the a1ka—

d 37_ For examp]e 1ys1ne was fed to an op1um poppy, lead1ng to

38

101
1ncreased amounts of morph1ne It is ‘now known that lysine 1is not_
a-precursor of morphwne The 1y51ne fed must have stimulated the sys-
-tem wh1ch does ]ead to the product1on of morph1ne 37 Now, using
radiotracer techn1ques an error of th1s var1ety can be avo1ded

- There are a number of types of in vrvo exper1ments.wh1ch have
been used in study1ng a b1osynthet1c route.. One:methOd:which'has been
, used extensively w1th m1croorgan1sms is' the use of mutants which
Iackrsome enzyme-necessary on the pathway and thus create a block.
Another method which has so far been 11tt1e used w1th p]ants (but
def1n1te1y used w1th unicellular organ1sms) is that of radioactive

8- By-far the most common method used to

'compet1t1oncexper1ments.
'studyjbiosynthesis of alkaloids in plants is that of precursor
feedings'é-vj;g,, feeding a 1abe1]ed compound which is thought to be
aaprecursor of thehaTkaIOid under investigation and looking for in-
corporat1on of ]abe] 1nto the a]ka]o1d Another method, whose popu-
’1ar1ty 1s 1ncreas1ng in work with p]ants, is that of -growth in a

Tabelled environment: the organism under consideration is grown in .

- an environment containing Some labeiled compound.which that organism
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'wiiitéssimiiefei(thisfis hot’the same as aAprecursor feediné in fhat
the organism is norﬁé]fy accustomed to assimilating that compound .
fromvits enViroﬁment e-Afor instence,-1ebe11edksuerOSe may be used
instead 6fvordinahy.sucrose in a medium forvgfowing bacteria, or
.1abe11ed'carbon dioXide may be ﬁsed'instead Qf ordinefy carbon diexide :
in studfes'of photosynthetic organiSms).._In genera],,one‘type of ex-
perfment does not provide sufficient eVidehCe'to determine a biosyn-
thetic route. However, if a potential precursor of an alkaloid is
a]ready'known;to:exist'in the 6fganism,-and a feeding of that com-
pound; ]abe]led, 1eads to.incorporation of label into the alkaloid
(particularly if the label is at a'specificvplace and retains its
specif{tity); then such_a preeursor feeding is usuei1y felt io be :
sufffcieﬁt to establish the role of that compound in the biosynthesis :
of tﬁe aTka]oid | Much'more conc]hsfve evidence is obtained, however,
1f the organ1sm can be grown for a short t1me 1n a labelled environ-
ment and the relative specific activities of the compounds of interest
are'exam1ned. ' |
 The remainder of this chapter will be a careful examination of .
the-kindsrof radiotracer experiments.which_can.be conducted when
studying the biosynthesis of alkaloids in blants; Some of the metheds
wh1ch have been used in the past and which are still being used will
be discussed ‘along W1th the kinds of information which can be obta1ned
from these exper1ments and the dangers associated with 1nterpretat1on
ofethe data. |
By far’the'biggestvdanger to which all ig.ijgmexperiments are

liable is that the methods used to exemine the organism under
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"'1nvest1gatlon w111 themse]ves a]ter the organ1sm S0- that that wh1ch
}:1s observed 1s not actua]]y an 1nd1cat1on of the natural behav10r of
the organlsm. The organlsm (1n thls case, a. p]ant) cou]d actua]]y be
damaged dur1ng the study, or the ex1stence of an unnatura] env1ron—
‘ ment (or an abnormal]y h1gh concentratlon of softe compound) may in-
~ duce. metabo]1c pathways wh1ch are norma]]y of minor lmportance or a
non- spec1f1c enzyme may end up cata]yz1ng a react1on wh1ch 1s fore1gn
to the plant The ex1stence of these prob]ems does not - comp]ete]y
' 1nva11date all b1osynthet1c stud1es, but it does mean -that caution
‘must be exerc1sed in the des1gn and 1nterpretat1on of these exper1-
ments.. . From th1s po1nt of view, the closer the exper1menta1 condi-
't1ons can be to the natura] ones for that organ1sm, the more conf1—
dence the sc1ent1st can have that the data he obtalns are true 1nd1-
cations of what is normally happen1ng in the organ1sm
Precursor feedings, by the1r very nature can never comp]ete]y

c1rcumvent the prob]em of an unnatural env1ronment -=--or of an abnor-
ma]]y:h1gh, 1oca]]1zed_concentrat1on.of some compound. Many different
technioues:have been.:used to feed labelled compounds to plants.

K1einschmidt and Mothes used three techniques for feeding glucose39’40

40,41 - to op1um popp1es ~ One method they employed was to

and tyros1ne
j-spread a concentrated aqueous so]ut1on of the labelled compound on
the isolated ]eaves. The second method was to extract some of the
]ateX from the p1ants, mix the labelled compound with the fresh latex,
and:then keep the mixture in a closed system for a given period of
- timeif:The'third approach uas to inject a cohcentrated, aqueous solu-

‘tion of the labelled compound directly into the immature seed
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capsu]e 42 ﬁBattersbyhet‘a]}] -also used the 1n3ect1onrtechn1que in
.most of the1r work the1r Just1f1cat1on for us1ng th1s method being
that they obtained h1gher 1ncorporat1on of label 1nto the alkaloids
'under cons1derat1on by using this method than by smear1ng the 1abe1]ed
'compound on the leaves or by root_feed1ngs,; In work1ng w1th other i
kinds of plants, direct_injection'into_theestem of the plant has been

83 |eete has also used a wick feeding method;3’ in

triedrby Leete.
which‘ootton thread is threaded.throughvthe stem of the plant and -
: then the ends of the thread immersed in a concentrated, aqueoos:soTo-
tion of the Tabelled compOUnd ‘Whichbthen moves up the thread and into
' the p]ant by "b]otter action." | |

' One obJect1on to all of the feed1ng methods descrlbed so far
(with the p0551b1e except1on of 1nJect1on 1nto the capsu]e) is that
they all ‘damage the-p]ant in some way. -An evenvmore.seyere objection
is that the comoound, when introduced to the plant, is in a non-
physioiogica] medium, and it is essentially forced into the plant at
'one high]y-]ooallﬁied spot, thus creating-an'abnormalTy high concen-
-tration of the compound at that'point‘ It is to avoid such situations
that the feeding experiments done in this laboratory are done by root
feed1ngs the labelled compound is d1ssolved in the normal plant. |
nutrient so]ut1on and allowed to be absorbed through_the roots of
‘the- p]ant. ObJect1ons can.also be raised to this method of feeding.
There‘is_always the possibility,that microorganisms in the‘nutrient
soiution or on. the root hairs modify the Tabe]]edicomp0und‘before it
becomes absorbed into the plant. Some workers have tried to eliminate

this possibility by cutting off the o]d_roots and allowing new roots



'[to develop wh1]e the p]ant is- grOW1ng in a ster11e solut1on or e]se.
by wash1ng the roots w1th a germ1c1da1 so]ut1on before feed1ng 37

;,However both of these methods enta1] expos1ng the p]ant to rather
"fdrast1c cond1t1ons | In the case of the feed1ngs wh1ch we have con-

"ducted ana]ys1s of the nutr1ent so]ut1on after feed1ng and of an

h VaCId wash of the roots after feed1ng a]ways 1nd1cated that the radio-

| act1v1ty wh1ch d1d not pass into the p]ant was' st111 in the compound

fed -~ i.e e > no- other radioact1ve products were found 1n the nutr1ent

' t'or root wash, 1nd1cat1ng that m1crob1a1 act1on need not be a cause

- for great concern in the exper1ments done here Another ob3ect1on

'"11to root feed1ngs is’ that the plant is not accustomed to absorb1ng

vthe compound wh1ch is belng fed through the roots. Th1s of course,

is a prob]em 1nherent to a]] feed1ng exper1ments, and all’ that can be o

- saﬁd 1s that in the root feed1ng method the b]ant is not forced to 7'
-absorb the compound ’ ' |
Precursor feed1ngs can g1ve 1mportant but poss1b1y m1s]ead1ng,

data concern1ng a b1osynthet1c sequence It is s1gn1f1cant to know

"-that a compound when fed to a plant, can be converted to the alka-

Toid- under cons1derat1on However, the very fact that feeding

exper1ments 1nvolve feed1ng the'pTant something Which-tt is not |

'.;accustomed to be1ng fed can mean-. that the p]ant alters its metabo11c
h*behav1or as a- consequence Therefore, conclusions based solely on

.rfsuch feedings must be regarded w1th some caution.

Growth of an organ1sm 1n an 150t0p1ca11y -labelled env1ronment

' can C1rcumvent a number of the problems 1ntroduced by an unnatura1

_‘environment.. In the case of plants and other photosynthet1c organ1sms,

X
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’thisvusua1iy'involves eXpoSure'to co,, a techn%qUe'firSt used with
-op1um p0pp1es by McIntosh et al. 44 in 1950 There are a number of
purposes for such experiments On- the most bas1c level, exposure ex-
v per1ments may be used as a tool to detect the‘presence-of a certain 7
compound in the plant. Often, due to tne complexity of its structure,
che’mere fact that a COmpound can be detected in the plantvlends'a
great dea] of support to its poss1b1e 1nv01vement in a bxosynthet1c
scheme However, more definitive data can be obta1ned when the
specffrc activity of each of several compounds from the proposed
path'is analyied. For these studies to'be'valid, true “steady state"
conditions must exist. »F
’The.requirements for ideal "steady state" are two-fold: (1) The
'p1anfs must not experience any change in their environment when passing
from riormal conditions of gromch to‘growth in an atmosphere containing
14C02 (2) The specific activity of the ]4C02 must not decrease
during ‘the exposure. These requ1rements will be d1scussed 1n some
detei] below. For the sake of clarity in the following discussion, a
system of nomenclature must be established. A1l references to "carbon
dioxide? or "C02“ refer to the entire quantity of that gas, Tabelled
or unlabelled. If the discussion is specifically about the labelled
gas, tne-designation:"14C02" will be used -- and if it is specifically |

about the unlabelled gas, then ul2

C02" will be used.

In order to satisfy the first requ1rement for “steady state",

" factors such as pressure, 1ighting, carbon dioxide concentration,
hum1d1ty, and nutrient must all be the same in the exposure chamber

as they are in the normal greenhouse. Most of these cond1t1ons are



.a:eas11y contro]]ed _ However up unt11 now carefu] control of the
ucarbon d1ox1de concentrat1on has not been poss1b1e As a conse- - - 2
_quence, 1n most of the exposures conducted the carbon ‘dioxide con- S

“centrat1on has started out qu1te h1gh (0. 15 - 0. 2%, hereas air-level

CO2 concentrat1on is- 0. 04%) in order to 1nsure hav1ng enough carbon

1;d10x1de for the ]ength of the exposure t1me, and it has then been

a110wed to decrease stead11y dur1ng the course of the exposure,
somet1mes to'a‘concentrat1on'even Jower than that of air-level.

.1ATthough'dn sohe cases the _4CO2 is added in spurts to prevent the

””concentrat1on from getting too h1gh, in no case has cont1nuous con- fi :

| tro] of the carbon dioxide concentrat1on been poss1b1e -Such contro1

is necessary, because it 1s dangerous to assume that p]ants (or any‘

. photosynthet1c organ1sm) w11] grow 1n exact1y the same way or fol]ow

the same metabo]ic paths at high and 1ow carbon d1ox1de concentratlons.

‘_.A maJor path at one concentrat1on of .carbon d1ox1de may be only a

-v:minor path at another Therefore, if we are to determ1ne the plant's

“true b1osynthet1c path to any given end-product, we must ensure that
the p]ant is under completely natural conditions.
The need for the second requirement for "steady state cond1t1ons

-(1 e., that the specific activity of the ]4C02 must not decrease) may
14

L3

not be comp]ete]y obvious. When CO2 exposures of the ' steady state"
,var1ety are used 1n the e]uc1dat1on of b1osynthet1c pathways, the

. spec1f1c actlvitjes of several compounds from the proposed paths are’
compared."For;eXample, if A % B » C, the specific activity of A will

‘be higher than'that_of B, which in turn will be higher than that of C,

{f true "steady state" conditions apply and the specific activity of
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tnefj4Coz"has not decreasedr(see Figurefla). However, fffthe:specific
activfty dfbfhe ]4C02 has decreaéed'dUring?the'exposure,.vfrtUalTy :
any.arrangement'of thevspecific activities of the three ccmpdunds in
question cou]d be possib1e (see Figure lb) 45,46 - For examp]e B
m1ght even have a h1gher spec1f1c act1v1ty than either A or C (time X),
1nstead of hav1ng its spec1f1c activity fa]] between those of A and C!
It 15 tO-avo1d such'confus1on that the second requ1rement is a very
neceSSary,one for "steadv,state“ conditions.

During theacdurSe ofbﬁhe'Wdrk deecribed.in this thesis, a system-

14

was devéToped in which plants can be exposed to CO2 under true-

"steady"etate“ conditions. The ]4C02'i$ generated from Bal?

CO3 and
,trapped in a slender brass cy]1nder of sma]] volume (25 ml) (F1gure 2)
by 1mmers1ng the cy11nder in liquid n1trogen -The ent1re generat1on

and trapp1ng procedure take place on a vacuum line to insure effi-

c1ency of transfer Since the 14

CO2 generated is of very high
Spec1f1c activity, it can often be d11uted by the addition of a known
amount of 12CO2 A]ternat1ve1y, if it is necessary to keep the ]4C02
at a h1gh specific act1v1ty, pressure can be built up in the chamber
by the addition of nitrogen from a nitrogen cylinder. In either
case;'fhe final result is that at room temperature the']4C02 is in a
-cyiinder under presSure, and hence. the rate of flow out of the

| cy]dnder and into the erposure chamber can be redu]ated by means of
a need]e_valve. Regulation is crucial, for in order tormaintain |
norﬁai air-]eve] concentration of carbon dioxide in the exposure
chamber carbon d1ox1de must constant]y be added as the plants consume

ft. If a small number of pltants is used, as is frequent]y the case,

this rate is usually less than 1 ml/min.



© specific activities of compounds in a biosynthetic route: - -

a) under true "steady siaté@,conditiOns‘df exposurévtp.?ﬂcoz;- S

b) if the specific activity of_ihe ]4692‘decreases‘during fhe exposure: -
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| An exposure experiment 1s conducted in the fo]low1ng manner (see
B Figure 3 for a dlagram of the exposure chamber) The alr in the ex-
posure chamber is freed of carbon d1ox1de by c1rcu1at1on through

E ascar1te for severa] hours Then ]4 12,

CO2 and’ 0, from cy11nders are
’added to the chamber up to a1r-1eve1 concentrat1ons of carbon d1ox1de
;The reason for add1ng some ]ZCOZ at the beg1nn1ng of the exper1ment
j1s that weig1 et a] 4 have shown that resp1rat1on of carbon d1ox1de

r:does occur at the same t1me as photosynthes1s ~ This resplred carbon’

.‘.d1ox1de wou]d at’ ]east 1n1t1a11y, have a spec1f1c act1v1ty much '

. :1ower than that in the exposure chamber and hence wou]d dilute the -
'spec1f1c act1v1ty “of the gas in the exposure chamber In order to-

1nsure that the overa]] speC1f1c activity. of ‘the 14

CO2 in the chamber
.will not decrease dur1ng the’ exposure, the .]4C02 added during the ex-
'posure has a h1gher spec1fic act1v1ty than that or1g1na1]y present

To' accomp]ish th1s or1g1na1 d11ut1on some 12

_ €O, is mlxed w1th the

.‘forig1na] 14CO2 used to f)]] the chamber.. A1l carbon dxox1de added
_subsequent]y is from the ]4C02 cylinder. .

: Once the exposure chamber has an a1r-1eve1 concentration of carbon
_'d10x1de'(now ]4C—1abel]ed) the plants are adm1tted via a dual-door
dsystem; The entire exper1ment is conducted in the 11ght at approxi-
'mate1y~75°C;» ]4C02 is adm1tted to the chamber from the cylinder as

".vitlisfneeded'mn order-to maintain air-level concentrations of carbon
:Adidxide'in thekchamber.throughout the exposure time. Regulation of
. thej14602'in‘the‘exposure chamber is monitored byvcircu1ating the air
'in'the chamber'through a sensitive CO, analyzer and through a vibrating

~reed electrometer.

-
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- Figure 3. "Steady state" apparatus for ]’4"302 exposures.
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In study1ng the b1osynthes1s of morph1ne we have used precursor'

‘feed1ngs and exposures to 74002 in order to obta1n 1nformat1on
Since none of the compounds whose ro1e we were 1nvest1gat1ng had
- ever been detected in opium popp1es -our first exper1ment with each

compound was to- feed ‘the ]4C 1abe1]ed compound to the p]ant and" 1ook

' ~lvfor incorporation of - rad1oact1v1ty into’ codexne and. morph1ne When

such 1ncorporat1on was detected then a more - exact1ng search for - the

- compound in the plant was ‘conducted, fo1lowed by a compar1son of
spec1f1c act1v1t1es as f1na1 ev1dence 1f suff1c1ent amounts of the
compound cou]d be 1so1ated from the p]ant material to make this last

i exper1ment mean1ngfu1
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' IV. _ROLE OF CODEINONE

‘The 1n1t1a1 quest1on 1n the study of the bwosynthet1c convers1on
of theba1ne (1) to code1ne (V) was to determine the sequence of the
steps involved, these steps . be1ng demethylatidn and reduction.
Regard]ess of the route, since two steps are involved there must be'
at least one 1ntermed1ate, and there could be more. In order to
v determ1ne-wh1ch route is the one fo]]owed, the most likely inter-
mediate ffom each route was chosen for inVestigation. If the route
were to first involve feductidn of -thebaine, followed by demethylation,
ft appears that codeine methyl ether (II) would be involved in that
rohtefaf some'point. Even if the initial reduction were not a 1,4-

: reductibh, subsequent rearrangement to cOdeine‘methy1 ether would be-:
necessary before deheth&]ation could occur te yield codeine. For this
' reason; codeine methyl ether was chosen as the compound to study.
Likewise, if the:route were to first involve demefhy1atioh and then
reduction, it would be difficult to conceive of such a route which

did not involve codeinone (IV) at some point. Therefore, initial
investigations.were conducted using codeinone and codeine methy1
 ether. Once the basic route was estab]ished, other possible inter-

mediates could also be investigated.



'1A Code1ne Methy] Ether

In order for th1s argument to be complete the work w1th code1ne

-methy] ether (II) must be 1nc1uded a]though a]] of that work was’ |
'-done here by Dr Gottfried B]aschke 48, 49v The . f1rst exper1ment con-
-‘ducted was a feed1ng.gxper1ment.v The codeine methyl ether fed to the

plants.wés~nuc]eér-labe11éd - i;g,;.On]yrthe ring'carbons were labelled
-.Witﬁalfbs-the Né'aﬁd7d}methy1 groups were uhiabe]led. This pkecaution
'*‘wés_takéh‘totavbid ééeihg effeéts whfth'wete caUsed only by trans-
'methy1ation Sterm1tz and Rapoport2 noticed -a decrease in the 0 -

methy]/r1ng rat1o in codeine isolated after a 14

C-thebaine feeding.
Hgyever,;no alteratjon of the‘Nemethyl/r1ng ratio was detected. To

avoid any such peripheral questicns, most of the feeding experiments
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‘were conducted W1thvnuc1ear¥15be11ed compounds in order to ensure
that any act1v1ty 1ncorporated by codeine and morph1ne was from the
actual compound fed and not mere]y from methyl groups (the one excep—
t1on to nuc]ear Tabelled: feedlng was the feed1ng of neopinone (I11) --
see Chapter V) | v

| 'NuCTearélabelled'codeine nethyl ether (II) was synthesized,from
randomly-labelled biosynthesized morphine'(VI) (see Scheme‘Ii, page
34). The morph1ne was converted to normorph1ne (XXIII) using the

50 conversion to codeine

von Braun react1on w1th cyanogen brom1de
methy1 ether was then accomp11shed by methy]at1on with d1methy1su1fate,
ion'exchange and then pyro]ysis.S] The compound was fed to the poppy
pTént;ithrouoh:the roots aTong with the nutrient solution. Feeding
wae'EIIowed to proceed for 24 houre; Prior to nork-up,‘carrier
codeine:methy1 ether, codeine, and morphine were added to the plant
mesh.'}The non-phenolic and'phenolic alkaloid fnaetions were obtained
by the.ueual'nork-up'procedure (see‘Chapter‘VII); and oodeine was
sepanated from codetne methyl ether by oolumn chtomatbgraphy. Further
purification of all three compounds was.done_by sublimation and re-
crystallization to constant aetivity The results of the feeding
exper1ment are presented in Tab]e I (page 35). Incorporation of
activ1ty into both code1ne and morph1ne was detected Similar
resu]ts were. also reported subsequently by Brochmann Hanssen et al. 32
Upon effecting a successfu1 feeding exper1ment the next step
was to detect codeine methy] ether 1n'op1um}p0ppy plants. There was .
53

one report in the literature®’ of the isolation of codeine methy]

_ether from raw opium (but the poSsibi]ity}of its being an artifact of
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~Table I

: ]4C;Nuc1ear Labei]ed’A]kaloid Feeding Experiments

Codeine methy]l

Compdund fed Codeinone Codeine

ether
Activity fed (dpm) S 74,000 380,000 130,400
‘Mass fed/100 g fresh plant (mg) 2.1 7.8 12
Incorp. into p]ants (dpm) (%) 52,500 '369,000 79,100
() (81) - (61)
% of 1ncorp act1v1ty in _

compounds isolated: . _

" Thebaine ~ . - S ---
Codeine S 4.7 4.5 54
Morphine ' o 3 2.8 13
Codeinone S -—- B 14 0

- Codeine methy] ether - 52 - -
Table II

Search: for Code1ne Methy] Ether and Codeinone in Papaver somniferum
Plants after ]4C02 Exposure

Specific v
: , - _ activity Total % of
Compound.  Compound Carrier of isolated - activity  Thebaine-
sought -analyzed added  compound ~in plant = activity
— (mg) __(dpm/mg) _(dpm) -
Codeine = Thebaine 0 2.8 x 10 1.9 x 108
methyl : ' 6 6
ether . o Codeine 0 3.5x 100 - 1.8x10 94
Codeine: methy] : : ' .
“ether 33 S - 324 - K0.02 .
Codeinone - Thebaine  62.3 176,000 11 x 10°
© . Codeine 60.0 20,000 1.2 x10° 109
Codeinone . - | v ‘ =
5.4

- (as ‘dihydro- 298 2,000 _ 6 x 107
~codeinone) ' ' S v
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_‘”that 1solat1on procedure was a]so ment1oned) but no codelne methy]

,,4ether'had ever been detected 1n the poppy plants themse]ves Y-Thef_:

) “7search-for code1ne methy1 ether was conducted by f1rst grow1ng a .

v7:p1ant 1n an env1ronment conta1n1ng 4CO m1xed w1th a1r The p]ant:.’

,}lwas worked up for analys1s after an. exposure perlod of four hours
3}Column chromatography and vapor phase chromatography were used to'
:3separate code1ne, code1ne methy] ether, and theba1ne However, nov

~,fcode1ne methy] ether could be detected by gas chromatography In

lu*order to 1ncrease the sens1t1v1ty of the detect1on carr1er code1ne,‘
“'methy] ether was added to the mater1a] trapped from VPC at the t1me f
' correspond1ng to the retent1on t1me of code1ne methyl ether (prlor
sexper1ments had shown that codeine methy] ether cou]d be trapped from .
i.that VPC to the extent of 40% and that it reta1ned its 1dent1ty) The'
fatrapped substance, mixed w1th the carrier, was pur1f1ed to constant
act1vity by TLC and recrysta111zat1ons As can. be seen in Table II
' (page 35), act1v1ty correspond1ng to only 0. 027 of that found in- the
_ theba1ne 1so]ated 1n th1s exper1ment could be detected in the code1ne"'
'ftmethy1 ether This does not e]1m1nate the~poss1b111ty.that-code1nev
_.methy] ‘ether is 1nvo1ved 1n the b1osynthes1s of code1ne ffs pooT'
- is1ze may, in. fact be- extreme]y 1ow .or it.may be enzyme -bound and

: hence not extracted by the extraction methods used Before any con-.'

“ﬂa”clus1ons can be drawn the resu1ts of s1m11ar exper1ments with

’-'codelnone must be exam1ned
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:vAt'this point, attention was turned to codeinone (IV) as a pos-
sib]e'intérmediate in the biosynthetic conversioniof.thebaine (1)
to codeine (V). vThe results from experiments wi th #odeine methy
efher had shown-thatbg;;somniferum can cbnvert'fed codeine methyl
“ether (II) to éodéihé:(V)»andvthencé'td‘horphine (V). However, vir-.
tual]y‘ﬁb codeine methyl ether cou]d'be detected in'the‘plants. A
éomﬁarison With data obtained in a similar ménnervstudying codeinone
(IV) was fe]t.to'be necessary before any conclusions could ba drawn.
‘fEar1y in_the work with codeinone it was discovered that the
stability of codeinone is considerably lower than that of codeine,
bcodeine methy] eiher, or of thebaine. For this reason, the problems
of isoiation, purification, and analysis were somewhat more difficult
to overcome. The first goal was to find a method‘to separate codei-
none from the Othéf'non4phenolic alkaloids (specifitally,'thebaine_
:and'codeine)‘ Chromatography did effect some separation, but both
'silfté Qe1‘and alumina caused some decomposit}on of the codeinone.
"It was finally decided to isolate codeinone by means of its bi-
sulfite adduct. As an 5,84unsathated ketone, codeinone should form

a bis-adduct with bisulfite, and this has been demonstrated to be ‘the

L~

o)

NaHSO3 ~ pH 8-9
—_— —_—
Oo4s o

HO SO3

Codeinone
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case 54 The formatlon of thls adduct 15 reversed at h1gh pH (aooveh
th 12), and free code1none can then be obta1ned Most of the morph1ne
a]ka101ds have a pK of: approxxmate]y 8 In order to 1so]ate codeinone, -

] ﬂthe alkaloxd m1x was dlsso1ved in benzene and shaken w1th 1 M b1su1-

‘ ‘;fate solut1on (pH 4) . Due to the ac1d1c pH a]] of the a]ka]o1ds ,;'
1-went 1nto the aqueous phase AdJustment of the pH - to pH 9 ]0 fol-"
5flowed by extract1on w1th benzene, extracted a11 of the alka]o1ds ex-

'cept code1none (1t.was shown that no-code1none-was re]eased atrth1s“

pdint)' Tfhé adueous soiutfonMWas:then made quftehbasic’and Was‘

,shaken w1th ch]oroform for two days to extract a11 of the code1none,

:r;.wh1ch was slowly re]eased from its b1su1f1te adduct

Due to the instab111ty of code1none, 1t was dec1ded that more

- effect1ve pur1ficat1on and ana]ys1s cou]d be accomp]1shed 1f the iso-
'lated codelnone were converted to some other comoound prior to further'
V‘man1pu1at1ons Hydrogenat1on of - codelnone over Pd/C produces d1hydro-

codeinone (XXV) 1n good y1e]d 55A b1hydrocode1none is more stab]e

than code1none, therefore much more easy to man1pu1ate ' In add1t1on,

it has never been detected in. op1um poppies.. Therefore, this was

the compound used in the analysis of the results frdm.the'feeding'ex—

per1ment and in the 1n1t1a1 search for code1none in the: plant both

v | of wh1ch exper1ments were done by G.. B]aschke 48, 49

._ o As Wlth the ‘codeine methy] ether, nuc]ear-labe]1eddcodeinone ‘

n for thedfeeding.egperiment‘was'Synthesized tromhrandomlv—labelled

inormorphtne:(XXIII) obtained_fromtbeSynthesiZed«morphfne (see Scheme

II; page 34); The'normorphine was N-methylated to morphine XiE.O3N-

| dicarbethoxynormorphine (XXIV) followed by reduction with Tithium
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a]um1num hydr1de 56 The morph1ne thus obta1ned was 03-methy1ated to
code1ne us1ng d1azomethane and finally ox1d1zed_w1th silver carbo-
nate to code1none (IV) 57. |

Nuc]ear-labe]]ed code1none was fed to the plants by means of
root feedlng 1nvnutr1ent.so]ut1on.',The,feed1ng.t1me was 24 hours,
' 'afterﬁwnich the plant51Were‘ground'uo with carrier codefnone, codeine,
mOrphine,land thebaine and then‘wonked up to isolate the alkaloid
fraotionst.iCodeinoneVWaS Sebarated'from codeine and thebaine in the
.nonéphenolfo alkaloid'fractioniby_ﬁeans of its bisulfite addition pro-
duct, and was then COnverted'to-dfhydrooodeinone for further purifi-
cation _ Code1ne and theba1ne were separated by means of column
.chromatography A11 of the a1kalo1ds were pur1f1ed to constant acti- -
>v1ty by means of sub11mat1on and recnysta111zat1on The results. from
'the feed1ng experlment are presented in Table I (page 35). Incorpona-
t1on of activity into both code1ne and morph1ne was detected, but no
act1v1ty cou1d be found in theba1ne Ana]ogous-resuTts were reported
subsequent]y by Battersby et a] 58,59

As_can be seen upon examination of Table I, both oodeinone and
codeine}methyl ether ane,incorporated into codeine'and‘mofphfne.when
“they are fedfto the;p]ant.. These data by themse19e5»open-up several

tpossibj]jties but proyide,few conclusions. The only thingnwhich can

wbe_stated_with aséuranoe is that the Papaver somniferum,p1ants can use
- both oodeinone and codeine methyl ether when.these-compounds are ad-
“ministered to the'o]ants. This opens up the possibility of dda] path-d
ways from thebaine to codeine. On the other hand, tnefe is a]so.the.'

possibility that one of the pathways is aberrant: it is either induced
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t by the presence of a strange mo]eCU]e or convers1on to code1ne has .
‘ occurred so]e]y because of the presence of. non spec1f1c demethy1at1nq .
or reduc1ng enzymes _' M'~ . | '_

The f1rst c]ue to he]p resolve th1s apparent d1chotomy was ob- . _ d

talned when a search was made for code1none 1n the n]ant No previous

‘.freport cou]d be found of the ex1stence of code1none in P somn1ferum

In order to max1mize sensit1v1ty 1n our search, some poppy p]ants were
'grown 1n an env1ronment conta1n1ng ]4002 for four hours Carr1er '
::code1none, code1ne, and theba1ne were added to the p]ant mater1a1

v before work up After separat1on from code1ne and theba1ne by . means

of b1su1f1te, codelnone was converted to d1hydrocode1none for further
pur1ficat1on - The amount of rad1oact1v1ty found 1n each of the pur1-
:'faed compounds is presented in Tab]e 1. (page 35) For compar1son,

the results from the experxment in wh1ch codewne methy] ether-was
sought are\also presented in the same tabje,_a1though the actual ex- ,'
_'periments:werensomewhat'different (in‘particu1ar;'no'carrier was added '
:to'the”codeine~or to the thebaine). Althoughtthe amount of comparison

- which. can be done between these two exper1ments is rather Timited, one .
"p01nt wh1ch doeslstand out 1s the large amount of code1none detected |
’compared_to-the4amount<of code1ne,methyl‘ether,found, These data, in

combination'with'the resu1ts of the feeding experiments;-give strong

]

'support to a b1osynthetic route of theba1ne go1ng to codeine by way of

Vcode1none
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€. DeveIopment of the. "Steady State“ System and jts Use in the Study )

of the Role of. Code1none

~ Even more conclusive support'for the role of codeinone in the

biosynthesis of morphine was sought by means,ofia,shbrt—term ]4C02

exbo§0re;’at the end of which the specific activities of thebaine,
codeinone;_and codeine would be compared; If the sequence occurs as

eXpeeted and is thebaine +7codeinone‘+ codeine, then the specffic acti-

14,

Vity'bffthebaine'after'a'éhdhtAterm exposure to ' "C0, should be higher

‘than the spec1f1c actlvity of code1none which in turn should be

'h1gher than the specific act1v1ty of codeine. 45

In1t1a]1y, the system used’ 1n these stud1es for the exposure of

p]ants to 14COZ; was a mod1f1cat1on of the apparatus used by Bassham

) 60 in their work w1th a]gae and photosynthet1c bacter1a This

14 ]ZCO

"et al
CO2 1nstead of
14 .

e CO2 is

systemtdoes ma1nta1n_an atmosphere conta1n1ng 23
but:itfphovides very.]ittlevopportunity for chtrol.
introduced into the system by means of a "loop" into which it was

"0, There is the

ortginaily trapped after geheratidn‘from Ba
opportunity to have two such Toops in the system, but‘aside from that
the admissidn: of ]4C02 to the eystem is an "all or nothing" affair.
'wheh wohking with-a b]ant thfs means that the‘system’must start with

S a veny h1gh concentration (cempared to normal air level) of carbon

_ d1ox1de in order to have enough present for the duration of an expo-

- sure {two to four hours in this case). ‘At the end of the exposure,
the concentration of carben dioxide in the system may.even be signifi-
cantly lower than that oftair level. Need]ess to say, the use of such

a system raisesfseveraT questidns regarding the validity of the data
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:thus obta1ned bewng used as a reerct1on of react1ons wh1ch occur
natura]]y 1n the pIant However, th1s was the onIy system ava11ab1e

'at the t1me for USe w1th short exposures des1r1ng h1gh act1v1ty 1n-‘,”

o corporat1on, so 1t was lnltlaIIy used for our blosynthetlc stud1es

| -f Due to exper1menta] prob]ems not- re]ated to the exposure procedure,

vthe exposure exper1ment had to be repeated a coup]e of t1mes The

~resu1ts of one such exposure 1nd1cated some very abnormal pooI s1zes,

,and 1t was th1s experlment wh1ch was f1naIIy the straw which broke B
”v.the cameI s back" B Our prlor qualms about the exposure system we werei
us1ng were now shown to be qu1te 3ust1f1ed For th1s reason, a com-

” pIete "steady state" system was . deve]oped A thorough d1scuss1on of

' 4;the requ1rements of such a system and a descr1pt1on of ‘the system |

- vwhlch we deve]oped for our use is presented 1n Chapter III During.

:the deve]opment of th1s system an- even greater apprec1at1on was ob--
:f;ta1ned for the amount of Iuck wh1ch is assumed 1f non steady state“
.biconditions are used to obta1n meaningfu] data of the type sought from

vsthese exposure exper1ments (1 e, compar1son of spec1f1c act1v1t1es |
of 1soIated compounds as’ an 1nd1cat1on of a b1osynthet1c sequence)

In order to compare spec1f1c act1v1t1es of b1osynthet1c compounds

vl_after a short term exposure of the pIant to ]4

C02, no: carr1er com-

pounds may be-added to the work-up S1nce'the pooI s1zes of'some of

'the compounds in’ the plant are very Iow, exceIIent separat1on tech-

| Tn1ques and h1gh]y sens1t1ve methods of ana]ys1s must be used in order
' to.study-these compounds.v-In the case,of the-theba1ne, codewnone,
.codeiné'seouence;'the prob]em was~particu1ar1y severe forwcodeinone°
'“1ts pooI stze in the pIant is very Iow, and it 1s somewhat unstab]e

f'under many conditions.
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As has been discussed, early work with codeinone (i.e., the
feeding-experiment and'fhe~fnitia1 searchbforfcodefnone in the

pTants)fCOnverted the 1so]ated codeinone to dihydrotodeinone (XXV)

'before_funthen analysis. The advantages of this procedure were two-

fold4' dihydnocodefnone is mone stable than codeinone and analysis
for 1t can be much more sens1t1ve and also it is not known to be a
natura]]y occurr1ng a]ka]o1d It was or1g1na11y felt that d1hvdro- |
codelnone cou]d also be used for the ana]ys1s of codeinone isolated

from the "steady state" exposure. However, this was found not to be

“the oase. D}hydrocode1none‘is‘prepared:from codeinone by hydrogena-

tion'ouer Pd/C.‘55 The yieid is good.and the side-products few and

low in yield. However, it was found that if the reaction was scaled

ddwnvsovafsca1e of 50 mg or less, the 'yield of dihydrocodeinone was

‘gneatlyldecreased, and ihe ihpurities in the product greaf]y'incneased.

A change of cata]yst to Pd/BaSO4 d1d not help, and a complete change

(for 1nstance, to Adams cata]yst) comp]ete]y a]tered ‘the course of the

react1on, y1e1d1ng a m1xturevof d1nydrotheba1nols as the product.6]

Since the amount of codeinone expected from the plant material was on

the microgram scale, ana]ySis of it as dihydrocodeinone'was not
feasib]e' Another derivative was sought.

The next compound cons1dered for use in the analysis of codeinone
was code1ne (V). Borohydr1de reduction of . codeinone produces code1ne :

in quantitative y1e1d.62 The d1sadvantage of using codeine was that

‘codeine js a known plant alkaloid -- in fact, the "steady state" ex-

periment was also going to isolate codeine for analysis. However, it

was felt that if the bisu]fite‘procedure could compTete]y'separate
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LS

";code1none and codeine, then the subsequent ana1y51s of the code1none

. fas code1ne wou]d be qu1te va]1d However, tr1a1 runs of the b1su1f1te

"v:procedure us1ng

]4C code1ne revea]ed that as much as 2 3% of the

| code1ne was carr1ed a1ong w1th the code1none, altmough the reason for g
»‘this cannot be exp1a1ned Therefore, the use. of code1ne was fe]t to 4“
-be a rather unsat1sfactory method for the analys1s of code1none |
There is one further react1on of code1none wh1ch 1s very c]ean .
vffand quant1tat1ve : react1on w1th methy111th1um to produce 6-methy1-

code1ne (XXVI) 63, We found that use of excess methy111th1um produced |

¥ ’no s1de effects and the reactlon cou]d be run w1th quant1tat1ve y1e1d

'even W1th very sma]] quant1t1es of code1none A]so 6-methy1code1ne
is not known to- occur natura]ly 1n poppy p]ants However, 1n the end

‘6~ methy]code1ne was not used in the analys1s of the results from the

_;~“steady state" exposure. Mass determinat1ons of the compounds of

| ]-tion of 6- methy]code1ne and of code1ne-

"1nterest from the "steady state" exposure were done by gas chromato- .
,_graphy using a flame 1on1zat1on detector Sens1t1v1t1es in the range
: of 50 100 nanograms were obtalned for the alka]o1ds However the
retent1on time for 6-methy1code1ne was always exceptxona]]y close to |
that of code1ne on the good colunmstr1ed (1 e., the ones which ~gave
'ugood sens1t1v1ty and good separat1on of code1ne and theba1ne) Acy1aj
64 was tr1ed as a means “to
<.separate ‘these compounds further on VPC but st11] the resulting peaks
- 4were too- c]ose together. L
It was fe]t”thatvjncreasing,the molecular weight of the codeinone
derivat1Ve,might'increase its.retention.time, thus making analysis

_heas{er:3:0ther Tithium reagents have been used'with;dihydrocodeinone,65
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but‘oh]y.pethy]1ithiumpwae_ever reported to have been used with codei-
none.§3' Inifia11y, we tried reaction with n-butyllithium. However, .
mu]tip]e_products werefObtained at least three of which were in
sizabiebyield Reactlon w1th pheny111th1um was tried next.
6*Pheny1code1ne (XXVII) was obta1ned in quantltatlve y1e]d (as one
‘compound), and it had a retention time on gas chromatography which
was much 1onger.than those of thebaine or codeihe'or'of any alkaloid
found in the non~-phenolic alkaloid fract1on 1so]ated from the poppy
plants. Therefore 6-pheny1code1ne was used for the analysis of

codeinone from the "steady state" exposure.‘

SR XWI R=CH,
- XMWVII R=C,

. Onrwork-up of pre]imineny,"sfeady,state“’exposures, a very small
amount3of‘thebaine was isoTaied after the biSUIfite treatment which
removed code1none from -the other alkaloids. It was found that the
theba1ne was not carrled over and subsequent]y extracted with the

.code1ne. Instead,,it remained in the aqueous solution, even at nigh
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pH (subSeQuent inVestigation by Dr. Bjeldanes ih this laboratory has
Showﬁ that, in the présence'of oxygen and bisulfite, thebaine becomes
converted to demethylsalutaridine (XXVIII)).66' To avoid this exten-

v sivetloss of thebaine, instead of using 1 M NaHSC3 in the bisulfite
prdcédufe, a bisulfite-sulfite buffer at pH 7 was used. Very little
thebaine went into the aqueous phase, whereas the codeinone b'sulfite
adducf was.sti11 readily formed. In this manner, most of the thebaine
couid be preservéd for analysis, and at the same time codienone could
be separated from the other alkaloids. |

~ The final"steady state" exposure could now'be done. The plants
were kept in the light under "steady state" conditions in the exposure
éhambek for three hours before removal and work—dp. After isolation
of the'nbn-phenolic alkaloids, codeinone was separated from the other
cohpodnds by means of its bisulfite adduct, formed in'a'pH 7 bhisulfite-
§U1fite buffer §o1ution. The isolated codeinoné was then converted to
6-phenylcodeine (XXVII) for.Subsequént analysfs. The masses of all
three compounds were determined on gas chromatography. Aliquots of
the:Samples were also trapped and then counted by liquidvscinti1]ation
counting to obtain an activity.determinatfon.- (The trapping effi-
ciency was firsf determined for each compound. In the case of the-
baine, some decomposition occurs on VPC, but no Toss of Tabel

occurred -- this was determined by trapping standard samples of

thebaiheu) The specific activities of the compoﬁnds could be calcu-

lated from these data and are presented in Table III (page 47).
~"One. further determination heeded:to be done before the results

from the "steady state" exposure could be unambiguously interpreted.
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Table 11T

-]4C02—“Steady15tate" Exposure of Poppy Plants

, s 100 g fresh plant
o/ M) 7 ) |
Thebaine 24 x 10/ 85
Thebaine . o
o ) 18 x 10
(minus 6-0CH,) v
“Codeinone ? .-7
L S . 16 x 107 0.2
(as 6-phenylcodeine)
Codeine . 6x10 s

3'fhe 6-OCH3'grdup-bf thebéine (I) does”not exist'fh either codeinone
o (IV)_of codeine (V);v An accurate cqmparisoh ofrthe specific activi-

‘ tiés of»the three compoﬁﬁds isolated from the exposure must be done
only on the carbon‘atoms.which'all three compounds have. 'In order to
determiné‘the amouhi Qf'aCtivity in the thebaine which was due to the

6—OCH3 group, the following procedure was used: A portion of the non¥

' 7"phenolic_a]ka]oid‘mixture was mixed with un]abe]]éd thebaine and sub-

mitted to column chromatogkaphy. The isolated thebaine was purified
to constant activity‘by means of sublimation and recrystallization.
This sample was then reacted with N-bromosuccinimide to produce 14- .

bromocodeinone (xx1x).57
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XVIII XXIX .

The 14 bromocode1none was purified to constant activity, and its
spec1f1c act1v1ty compared to that of thebaine, 1nd1cat1ng that 24A
of the spec1f1c act1v1ty of theba1ne had been-1n the 6—OCH3 group
whiCh7Wastlost in theicbnversion~to 14-bfomocodeinone. Going back to
‘thevdata*tn Table IiI,“the value for the specific activity of the
thebaine was:corrected to e]iminate the amount of activity contri-
buted by the 6-0CH; group. |
| It can be séen from Table 1II that the relative specific activi-

ties of thebaine, code1none and codeine fo]]ow the pattern which -
~would be expected for a b1osynthet1c sequence of thebaine + codeinone
> codeine -- i.e., the specific activity of thebaine is higher than
that,bf-codéinone,‘which is higher than that of codeine. In addition,
the specific activity of codeinone is very close to that of thebaine,

wh1ch would be expected to be the case for a compound of small pool
siza. '
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The speCific act1v1ty of the 6- OCH3 of thebaine may be- compared
w1th the spec1f1c actiVity of the 4CO2 in the exposure chamber The
spec1fic act1v1ty of the']4002 is-only known w1th1n 10-15%, as no
exact determination nas conducted However, the specific activity

14

of the 6- OCH3 of the thebaine equals that of the | COZ’ within this

R experimentai error, a fact which wouid tend to indicate that the

methyi group is put on a very immediate precursor of thebaine (or

that the pooi sizes of the 1mmediate precursors are very small), and
that the turnover of thebaine is quite rapid -- or else that the methyl
group is very 1ab11e (However, Barton et al. 23 found no exchange of
methyi groups in the conversion of reticuiine (XII) to thebaine S0
~this last. possibility appears unlikely.)

One further question ex1sts w1th regard to the ro]e of codeinone
in the conver51on of thebaine to codeine, and that 1s the p0551b111ty
of an equ111briumrex15ting between thebaine and codeinone or between
codeinone and codedine (it is;aiready known thatvthe overall conver-
sion of thebaine to codeine‘isinot4reversibiez),_'Upon feeding

‘1abe11ed codeinone_to'the'plant,,no radioactivity was found in the
_thebaine (Table 1, pagei35),,thus indicating that the conversion of
-thebaine to codeinone is irreversibie. In addition, nuclear- 1ahe11ed
codeine was fed to some poppy p]ants, and no radioactivity could be

58,59 also couid

detected in the codeinone (Table I). Battersby et al.

~detect no evidence of any conversion of codeine baCk to codeinone.
The'incorporation-of codeine methyl ether, reported.in Table I,

now_becomes.an interesting case. It is still possible that codeinev

methy]gether is'a'true intermediate in the conversion of thebaine to.
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cddeine;LBUt occurs in a very small pool. However, this is rather
_dodbtfu],uas no codeine methyl etner cou]d.Be detected down to a limit
of 0 02% of the theba1ne present -- whereas codeinone was shown to
'have a poo] s1ze as much as 5% of that of theba1ne Another p0551b1-
ljtyv1s that code1ne methyl ‘ether is converted back to thebaine, which
is then converted to codeine. The work of Brochmann-Hanssen gt_gl,sz
‘provides evidenceiagainst this alternative,‘as they could detect no
actﬁvity 1n'thebaine after.they fed labelled codeine methyl ether to
thegplants It would appear, then, that the cpnversion of codeine
methy] ether to codeine is an aberrant path, probab]y caused by de-
methy]at1on by a non- spec1f1c demethylating enzyme.

The data presented in this chapter should serve as good evidence
' in support of a b1osynthet1c sequence of theba1ne > code1none -+ codeine.
In other words, demethy]at1on of thebaine occurs before reduction. At
th1s point, the main sequence of steps involved in the conversion of
vtheba1ne to codeine has been determined. Now a more detailed exami-
nation of these steps_would be of interest. The second step -- i.e.,
reductionfof codeinone to codeine appears to be a fairly straight-
forward'reduction of a ketone to an alcohol. However, the formation
of codeinqne from thebaine may involve the intermediacy of neopinone °
(111, With subsequent rearrangement to codeinone. The possible role
of neopinone in the conversion of thebaine to codeinone will be inves-

tigated.in the following chapter.
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V. ROLE OF NEOPINONE -

In the preced1ng chapter, the basic: route by wh1ch thebaine (I)

is COnverted to code1ne (V) in Papaver somn1ferum pIants was described.

Ev1dence was presented to support the role of codeinone (IV) in this
convers1on AIthough code1ne methyI ether (11), when fed’to the
}p}ants,,Wasvconverted'to codéine, thiencompound could.not'be found
to'betnoturaIIy oocurring“to the limits of the detection methods used.
Therefore, it Was’ooncluded thét the most IIker route by. which the-
baine was converted to codeine was by 1n1t1a1 demethylat1on of code1-
none, foIIowed by reduction of code1none to produce code1ne

The‘format1on of codeinone from thebaine became of interest at
this'point.' Ihebaine‘is'the enol ether of both codeinone (1V) and
neopinone (III) Codeinone, being'an a,e?unseturated.ketone, is
thermodynam1caIIy more stabIe than neopinone. However. this fact
does not e11m1nate the possib111ty that initial demethylat1on of
thebaine may produce neopinone f1rst which then rearranges to the
more stable codeinone. The possibility that this. cou]d be the case
would also help to eprainva (partial) Toss of tritium label at C-7
which:wes noted by Barton gt_gl.23.in the conversion of thebaine to
code1ne | . | |

67 and uses

The synthes1s of neop1none is reported by Conroy,
thebaine as a start1ng point. Théba1ne can be converted to 14-bromo--

codeinone (XXIX) by reaction with N-bromosuccinimide.’ Hydrogenation
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f'dfili;b;amocddéfnoﬁe igads té:dfffefeﬁt_pfqducts; depénding'upon'the '
ébﬁdfffbns of}tﬁe ?éactibn,sg However, in a neutEé1,medfum'(90% S
véhldro%bfm;_lb% methano1),'wjthﬂ10% Pd/C éﬁ.the caté]yst, 14-bkomo-.' |
'cﬁdéﬁﬁbné'Eléwiy'absofbg one mole df_hydrogén;'yjelding neopinone ‘as
; tthé”bf§&thmf;Aftér filtering of f the Eata]yst}'the ﬁeobinone exists
Vin-sbluinn-as the hydrob%pmide{sa]t; ;Free.néopinoneican be liberated

by:shaﬁfﬁg with a solution containing an equivalent amount of sodium

"

' cakbohate or bicakbohéte;' Utmost care must be taken in this proce-
a&re;'§$ a §mq11 éméunt‘of ccdeinoné is formed quite readily.
'“~TﬁfsAcontaminatfon by cbdeihone presénted a.major problem in the
"bioéyhfhetic'studiés; A]mosf eve}y sampie ofAneopinpne prepared'had
someiéoéeinone,in'it, usually to the extent of 15-20%. The drive tp

 ”cbtaiﬁ a_compound in its,absbiute]y pure State can, at a’certain
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point, .become mere]y anhaesthet1c one,vpart1cu1ar1y if that compound
can be der1vat1zed and the pur1ficat1on of the der1vat1ves is an
easy task. For most b1osynthet1c studies with neopinone, analysis
coutd (and wou1d) be done by means of derivatives. The soie reason
(as1de from the!aesthet1c) for the efforts.descr1bed be1ow to obtdin:v
abso]uteTy pure neopinonevwao for'a'feedihgdexperiment, It wes par-v
ticularly desirable not to have codefnonevpresent with the neopihone
duringethe’feeding experiment, as the biosynthetic ihcorporationvof
code1none into codeine and morph1ne had a]ready been demonstrated.
Conf1rmation that the contam1nant in neop1none was indeed codel-
none - was obta1ned from a number of sources. React1on of neopinone
with borohydr1de resu]ted in a product of neop1ne (XXX) containing
up to 20% codeine. These two compounds could be readily separated
and identified. In addftion; reaotioh with methyllithium, which pro-
duoedza homber of unidentified products and also gave a fair yfeid of
6—methy1heopine (XXXi); producéd 6—methy1codeine (XXVI) in a yield of
‘approXimate]y 20%. Infar-red spectroscopy of‘neopinone showed a
major cdrbbny] absorption, due to an uhconjugated carbonyl, at 1735
cm'];,end also a smaller absorption, due to a conjugated carbonyl, at .
1679'om']. Thin layer chromatography,on'formamide—impregnated cellu-
'1ose69 indicated'the presence of two spbts, Rf 0.47 and 0.30 (Rf for |
codeinohe: 0.47),_and_the'bottom'épot disappeared when the-neopinOne
was converted to codeinone (see’fo11owing'page)
| Confirmatory ev1dence for the presence of- codelnone was a]so

provmdedvby NMR. The NMR of. both compounds has been reported by
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"Okuda et a] 70 (but on carefu] exam1nat1on of the1r pub11shed spec-

' M;trum of neop1none we feel that the1r sample of neop1none also had

3'7;some codeinone contam1nant) There are severa1 reg1ons in the NMR

‘spectr m71n wh1ch code1none and neop1none have character1st1c absorp—

;t1ons jx?robab]y the most 1nstant1y apparent 1s the absorptlon of the
7- H of code1none (two doublets 6 06 ppm) ard the absorpt1on of the

‘.8 H of ne0p1none (two doub]ets, 5.44. ppm) However s1nce these ab-
'sorptions are quartets,,they are broad and are not very good reg1ons
for pinpo1nt1ng 1mpurit1es A regwon which'is far more useful is that;
.of the 5- H a sharp s1ng]et at 4.69 ppm for code1none and 5.00 ppm

' for neop1none In_add1t1on,.upon obta1n1ng spectra of mixtures of _
: code1none'and neopfnone'we ﬁotiééd that the absorption‘of'the 3-0CH,
‘can;be Gsed,'asitt-appears‘at 3~85'ppm’for-Codeinone'and at‘3 91 ppm
for neop1none -- Just enough separat1on so that a good spectrum of a

' m1xture shows two we]] reso]ved peaks (However, at low concentratzon
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7of code1none in the neopinone this region is d1ff1cu1t ‘to work w1th,
as ring1ng from the ne0p1none absorpt1on often- 1nterferes ) The
most usefu1 area for quant1tat1ve determ1nat1on is that for the 5-H.
The spectrum of neop1none 1n a]most every case. showed a small absorp-
t1on (approx ]5%) at 4u69 ppm. In add1t1on, several mixtures con-
ta1n1ng a known amount of code1none added to the crude neop1none were
stud1ed and these spectra also 1nd1cated that the neop1none contained
code1none to the extent of 15 20% i
| Severa] d1fferent approaches were used to try to obtain codeinone-
free neopfhone. Conroy67 reported'that'neopinone could be made to
crystaliiZevas a. chloroform adduct}ahd codeihone did not form this
adddCt.' This'method was'tried by us, .and althoUQh a SIight:decrease
in the code1none content of the ‘neopinone was observed (as seen by NMR
“or der1vat1ve format1on) the method never real]y got rid of the
codelnone _

_ Var1ous types of chromatography were. attempted 'KarUSZ and Ru1168
reported that alumina converted neoplnone to code1none and this ob-
servatlon was confwrmed_here, ‘In addition, silica gel also converted
most, tf not 511 of the neopinone to cOdeﬁnone (as well as to some
-.other,nunidentified prodocts). Paper chromatography was also con-
‘sidered. Brochmann—Hanssen7] had'had success‘dnxdistinguishihg-codeine
'and neop1ne (XXX) by the use of paper chromatography with paper buf-
fered w1th pH 6.5 McIllvaine buffer 2. However, a good separat1on of
code1none and neop1none cou]d not be obta1ned u51ng the so1vent
systems he had used. Paper chromatography is a very time-consuming

* procedure, and the load-limit of the paper is so small as to make it



rather 1mpract1ca1 for preparattve work so 11tt1e t1me was . spent
' :look1ng for other solvent systems (in retrospect, 1t a]so looks as
"though the process of e]ut1on from the buffered paper and subsequent
:separat1on from the c1tr1c ac1d in the buffer woqu have ]ed to iso-
mer1zat1on of some of the neoptnone anyway) | ' |
o Ce]]u]ose chromatography seemed to ho]d forth qu1te a b1t of '

69 were reported to have had some success

:ghope Te1chert et a]
separat1ng severa] opium a]ka101ds by chromatography on- formamxde~
‘1mpregnated ce]TuTose | Us1ng the1r so]vent system, chromatography
tof neop1none showed two spots, Rf 0. 47 and 0 30 Rf for code1none '
was 0 47  By. means of preparatxve chromatography, the two spots from
7fneop1none were 1so]ated ETut1on w1th methanoT aTso eluted the forma-v'
m1de but comp]ete eTutlon cou]d not be obtained with ch]oroform 7

The methanoT eTuate then had to be evaporated and the resu1t1ng 011 :

.taken up 1n chToroform and‘water The chloroform was washed several

' _,t1mes w1th water to remove aTT of the formam1de The two - products

: thus: 1so]ated shuwed on: rechromatography, that they each reta1ned
.the1r 1dent1ty NMR of the mater1a1 obta1ned from the: top spot was a
very crude spectrum of code1none NMR of the mater1a] from the bottom
.spot, however, Showed that neop1none was, present on]y to a very sma]l
‘ extent —— numerous un1dent1f1ed absorpt1ons were a]so present. It
would appear then that neopanone was e1ther aTtered by the chromato-
graphy 1tse]f or by the 1so]at1on procedure In any case, the final
product was far less pure than the start1ng material.
| Slnce chromatograph1c procedures were not - too successfuT in re-

: mov1ng code1none from neop1none, attention was turned to the b1su1f1te
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' adduct of codeinone 54 (see d1scu551on on page 37) As a ketone, -neO—
p1none wou]d be expected to form a b1su1f1te adduct at the carbony] --
but th1s adduct format1on should be reversed easily in m11d base

(pH 8-9) As has a]ready been discussed the bis- blsulflte adduct
formed w1th code1none does not re]ease code1none in m1]d base pH
greater than ]2 is requ1red for the re]ease of code1none and even
then it occurs very slowly. Neop1none was subJected to the bisulfite
'treatment us1ng either 1 M NaHSO3 of a pH 7 b1su1f1te sulfite buffer.
After the. adduct had formed, the so]ut1on was coo]ed on an ice-bath,
and the pH was carefully rajsed to pH 8.6 using ice-cold saturated
sodium carbonate solution. The neopinone extracted from this solu-
tion was shown by NMR and by conversion to 6-methy1neopine (plus 6-
methchodeine)fto containpsomebcodetnone tEVenvwhenrthe pH adjust-

73 the 1so]ated product con-

ment.naS'done with a pH 9 borate buffer,
tained'some.codeinone dwhen thelprecaut1ons described were not taken
in the pH adJustment the ‘isolated product contained much h1gher ‘ |
__quant1t1tes of code1none

‘From this work, it wou]d‘appear that neopinone is rather unstable
in aoueous so]utton, particu1ar1y in solution which is even mildly
basic; .This observation was'cdnfirmed by placing neopinone in a pH 9
so]ut1on and allowing it to stay there for vary1ng 1engths of time,
" then extract1ng and tak1ng an NMR At first, the amount of codeinone
1ncreased, ,However,rafter an hour the appearance of a third product
cou]d be detEcted‘by cellujose TLC. After 24 hours, th1s product was
the maJor substance, and was shown to be 1dent1ca1 with the dimer

67

(XXXII) reported by Conroy,>’ which is formed by.neop1none in basic
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éo]utfdh”by'a Michael-type addition to'codeinong,and’subsequént re-

~arrangement.

XXXII

vThis concern,abouf obtaining codeinone-free neopinone, as al-
'ready'mentioned,:was afmed at trying to find a method to obtain pure
neopihoné’for abfeeding¢experimeht, to determine whether neopinone
'cbu]d'bé converted to codeine and morphine by P. somniferum. At this
pdint?ft'was decfdéd'to check the stability of neopinone in the
hutriént soiution used’during root feedings. Neopinone was placed
in thé'nutrient solution for varying lengths of time. At the end
of thensbecifiedrtime, the pH of the solution was raised to pH 8.6
v'usingiice-cold saturated sodium carbonate solution (admittedly, this
procedgfé to raise the pH caused some convérsion to codeinone. as
seen ffom the bisulfite work described above, but no other method
ifor-aﬁalysis was available), and the neopinone was then éxtracted.
NMR of the isolated neopinone indicated that slow conversion to
codeinone was taking place in the nutrient. After four hours, a

5-10% increase in the amount of codeinone present could be detected,
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and ihé amant was gfeatéf after-]dnger periods of fime. itﬁwas‘_
éppakéht'that;neopinone'was.not’convekted to codeinone as fast in
nutriéﬁt SOiution asvit was in pH 9 solution, but nevertheless con-
;verSion»did_dccur's1ow1y.' “

~ Keeping the instabiifty of neopinone in mind, a feeding experi-
ment was'f{nally designed in the foilowing manner. Three feedings
wéré Conducted in para11e1,‘on plants of the §ame agevand size.
 Six plants were fed ]4C-neopfnone, which had been preparéd from bio-

14

synthetic C-thebainé; Six other plants were fed_apprqximatély the

same méss of ]4C4todeinone. Final]y. some other plants were fed a

14

mass'of Cﬁtodeinonevéorrésponding to 15-20% of the neopinone fed

(1n other words, in the last feeding the codeinone fed corresponded
to thé‘amount of_éodeinone in the neopinone féd). A1l three feedings
were cbnducted‘fdr bnly fbur hours, at the end of which time the
p]énts Werexa110Wed to grow for another 24 hours in pufe nutrient
solutibh; Priqr tQ workedp, éarrier codeinone,. codeine, and mor-
phinélwére added to the plants from the codeinone féedings, and
'cakrier neOpinoné, codeine, and morphine were édded to the plants
fromzthé neopinone feeding. The non-pheno]ic and phenolic alkaloid
fractioﬁs-were isolated by the usual procedure.' In the case of the
two codeinone‘feedings, codeinone was separated from codeine by means
of the bisulfite procedure and was then converted to 6-methylceopine
(XXXI) for further purificatidn. In the case of thevneopinohé»
feeding, the neopinone was converted to codeinone by chromatbgraphy

68

on alumina, - and the codeinone was then separated from the codeine

by the bisulfite procedure and then converted to 6-methylcodeine.
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_Purifications‘of_all'compounds were. accomplished by varying kinds
of TLCiand'by SUbTimation The resu]ts from these feed1ngs are
presented in Table IV, page 61.

From the data presented 1n.Tab]e IV, it can be seen that the in-
'corporated'actiVityofromfneop{none fnto.codeine and morphine was much.
greater than could be attr1buted to a 20% codeinone impurity. Since
it has been demonstrated 1n this paper that neop1none becomes s]ow]y
converted to code1nonev1n aqueous so]utjon,-it could a]ways be
argued that the'neopinOne, once incorporated tnto thetplant, con-
tinued'toiondergo such conversion and the codeinonedthus'formed Was
converted to code1ne -- i.e., that the conversion of neop1none to
code1none was not part of a natura] b1osynthet1c route,’ but mere]y
occurred because of the 1nstab111ty of ne0p1none |

The next step was to try to detect the presence of neoplnone in

Papaver somn1ferum p]ants In order to hope to do this, a derlvatlve

of neop1none was sought wh1ch could only come. from neopinone. Two
: der1vat1ves were cons1dered neopine, and 6- methy]neop1ne A]though
novneop1ne has been 1so]ated_from poppy plants, the possibility of
itsxexisting there dndetected is present -- in'fact, such a possibi-
Tity would become rather large if neopinone could be shown to be in
the_p]ant, as‘itvcould;be COnverted to neopine by simple reduction
in the'same’manner as codeinone is converted to codeine in the plant.
To avoid;any'SUCh questions, it was decided to look for neopinone in
the»p]ant by converting it to 6-methylneopine. In order to be sure

14

that.no interference occurred from other compounds, ' 'C-thebaine,

14C-codeine, and ]4C—codeinone were all treated with methyllithium
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Table 1V

4C-Neopinone'and

14

C-Codeinone

CompoUnd fed

Neop1none -Codeinone - Codeinone

| y (larce) {small)

- Act1v1ty fed (dpm) 188,800 240,000 101,160
Mass fed/100 g fresh plant (mg) 80 106 14
._Incorp. into plants (dpm)-(%) 143,170 138,080 78,820 .

5 (4 6) ~ (57.5) (72)
%of incorp. activity in
compounds isolated: : _
Codeinone (or neopinone). 19 2.3 2.5
~ Codeine | 8.0 16 17
Morphine 8.7 | ' 4.7 3.4

‘Table V

Search for Code1rone ‘and Neopinone in qu;yer somn1ferum P]ants
after ]4C0 Exposure

k (as 6-methy1—

neopxne)

Specific | ' :
_ s activity Total % of
Compound  Compound” . Carrier of isolated activity Thebaine
sought = analyzed - added compound in plant = activity
B _{mg) __ (dpm/mg) (dpm) ST
Codeinone Thebaine. 62.3 176,000 1 x 10°
. Codeine 60.0 20,000 1.2x 108 109
. Codeinone 298 2,000 6x10° 5.4
- (as dihydro- = :
© codeinone)
~ Neopinone' Thebaine 58 2.1x 10% 12 x 107
* Codeine 50 1.5 x 108 7.5 x 107 62
Neopinone = 240 3.1 x10% 7.4 x10% 6.
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_ ;and the products subJected to the same pur1f1cat1on procedures as
’ wou]d be used to 1so]ate 6- methylneop1ne No act1v1ty from these "
compounds was carr1ed over w1th 6 methy]ne0p1ne (thebalne does react
a smal] amount W1th methy111th1um, but not in. a way to 1nterfere,
:fycode1ne comes through the procedure as" pure code1ne and code1none,
,.of course, 1s converted to 6-methy1code1ne wh1ch can be separated
from 6 methy]neop1ne by a]um1na TLC) _ ‘
- In order to search for neoplnone in the poppy p]ants, the plants

”coz, At the

"were grown “for two days in an enV1ronment conta1n1ng
» end of the exposure per1od carr1er neop1none code1ne ‘and thebaine

| “were added to the p]ant mater1a1 pr1or to work - -up-. Upon 1solat1on

;_of the non pheno]1c alka101d fract1on, the ent1re fract1on was treated

-wwth methy]]1th1um in order to convert the neop1none to -6-methyl-

.neop1ne Theba1ne, code1ne, -methy]neop1ne, and 6~methy1code1ne

(which was a]so present 1n s1zeab1e quant1ty due to convers1on of

:neop1none to code1none dur1ng the work up) were separated by means

of a]um1na TLC, u51ng two d1fferent so]vent systems Thebalne,

:codeine, and 6 methylneop1ne were then pur1f1ed to constant act1v1ty

. by sub11mat1on fo]]owed by severa] d1fferent k1nds of TLC The re- |
_su]ts are presented 1n Table v, page 61. (For conven1ent compar1son,

. the results from the search for codeinone are also presented here .
'aga1n ) |

This 1ast experlment has demonstrated that neopinone in fact

3does ex1st in Papaver somn1ferum plants The ear11er'quest1ons re-
: gardlng the feedlng exper1ment can now be. answered It is known

‘that ne0p1none rearranges to code1none in aqueous so]utwon - That
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t'th1s can happen 1ns1de the p]ant as we11 as 1n v1tro is no’ great sur- -
pr1se and a feed1ng exper1ment wh1ch shows that neop1none can be :
| *converted to codeine in the plant has no part1cu1ar s1gn1f1cance
..except to- show that there 1s noth1ng 1n the plant wh1ch prevents

ﬂthe 1somer1zat1on of neopinone to code1none (wh1ch can_ then. proceed
) to code1ne) Now that neop1none has actua]]y been found to be a

.natura11y occurr1ng a]ka]o1d, it 1s qu1te reasonab]e to suppose that
‘natura11y produced neop1none 1s converted to code1none and thence‘
to code1ne | | d

A rough compar1son of the apparent poo1 s1zes of neop1none and

A; code1none can be’ made from Table V. It wou]d appear that these two ,

| N compounds have approximately the same poo] s1ze However, s1nce

ffneop1none is known to be qulte unstab]e and read11y rearranges to
v)code1none -= even during the work up procedure -- a significant

: amount of the codeinone reported to have been found in the plants
'»may have actually. occurred as neop1none wh1ch was changed to codei-
none by the work-up precedure. In fact, the p01nt coulld be raised
that"no codeindne'exists»1n the plant -- i.e e , that a11 of the codei-
.-none wh1ch has been isolated from plants came from rearrangement of
neoplnone during the work -up procedure.’ | Two poxnts would. speak
against this suggest1on. One 1s that code1none fed to the plants

48,58, 59

is converted to codewne and morph1ne (However we also

_know that code1ne methy] ether fed to the plants is converted to

48 52

code1ne.and morphine,”>? 48)

yet it cannot be found in the plants.
'hThe other'point is a’mechan1st1c one: it is very. difficult to con-

ceive of a route by ‘which neop1none cou]d be reduced to code1ne
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without prior_hearfangeméﬁt td,ccdefhdne.- Pkéfimihéry reduction to
neopiné,_fb]]owed by'reafrangement'of neopiné tofcodeihe, is,-of
course,évéossibi1ity; but not a Qery likely pne,'particu]ar]y,since
- the rearrangement of neopinone to codeinone is known to occur‘veny
readi?y;'Whéréas a similar rearrangement of neopihe to codeine has
never'béeﬁ observed. Therefore we fée] feasonably.safe in concluding
that thebaine is convertéd to codeihe by way of neopinone and codei-
none, aifhough nothing can be said at this point about the relative

‘pool sizes of these two intermediates.
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VI. CONCLUSION

- Thé;hork presénted in this thesis.ﬁas‘provided;evidénce for a
biosyhthétic route fOr fhebaine gofng to cddeineryig_néopinOné and
codeiﬁqnel Although codeine»methyl‘ether was shoﬁn by G. Blaschke
to-bé‘convekted to codeine in vivo, no codeine methyl ether could

be found naturafly'bccurrfhg'in,PapaVer somni ferum p]ants.48 On

the ofher hand, both codeinone and'neopinone were found in the
.p1ahts, and jg_ngg conveﬁsion fq Codéfne.and morphine was also
demonstrated. 1In the caéé of codeinone, a study of its specific
actfyity§in relation to fhbse of ‘codeine and thebaine after a "steady
statéfiéx§o§ure‘fo 14C02‘also supported the role of éodeinone as an
intermedféte'ih»the cbnveréidn'bf;thébaine to codeine.

', The involvement of néqpinone in the'biosynthetic conversion of
thebainévto cddeine‘may-hé]p;to explain a pakti$1 Toss of tritium

1.23

Tabel at C-7 observed by Barton et in the transformation of
dual-labelled thebaine to codeine. A 14% loss of,tritium'was ob-
served;’.ance Ehe Tabel Was.not completely Tost or cqmpléteiy re-

~ tained, there are two poﬁsibilfties.fok the r61e of neopinone. One
possibiiﬁty is that proton addition to thebaine in'thevformaticn

of neopinone and'subéequent remdva] in the rearrangehent to codeinone
is.npt}comp]ete]y_stereospecific but does have a steric preference.

The otheh possibility is that there are two paths from thebaine to |

codeinone: 85% of the codeinbne'is formed direct]y,from'thebaine



_demethylatlon whlle 15% is formed by pr1or convers1on to neop1none
‘.At present, no answer can be provided for thls quest1on 1
‘ Now that the occurrence of neop1none has been demonstrated in

' Pagaver somniferum p]ants the p0551b111ty of neop1ne be1ng present

is a1so qu1te 11ke1y Neop1ne has been 1solated from op1um 1tse1f
but no report has been made of neop1ne occurr1ng natural]y in the -
'plant.. A further. extens1on of th1s search would also be a search

for neomorph1ner(XXXIII), formed-by demethy1at1on_of,neoplne. o

'Xxxm -

Now that many of the steps in the blosynthes1s of morphlne have

L been e]ucidated a: search for the enzymes 1nvo]ved in these steps

: wou]d defin1te1y be: in order Once these enzymes have been isolated,

| "the1r spec1f1c1ty wou]d be of great lnterest, Part1cu1ar1y with re-

gard to us1ng the p1ant as a "factory" in order to make morph1ne

87 In add1t1on;

‘ana]ogues, as has been done in the. case of n1cot1ne
if enzyme studies -can be conducted a better 1dea .can be obta1ned '
dlconcern1ng the rate of synthes1s of. the morph1ne a]kalolds, their

: turnover.rates,,and poss1b1y_even their ultimate fate within the

plant.

74
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- Subsequent work cou]d also study the order of methy]at1on of
the precursors of thebalne Rapoport et al. -have proposed that .
the morph1ne a]kalo1ds may play a role as methy] carriers or trans-
methy]at1ng agents,:and th1s 1dea-cou1d be,pursued-further. In
'additibh§‘the'meiaboTic fate of‘morphineAin the b]ant could be
determined. Further studies in these ]1nes may he]p c]ar1fy the role

of the morph1ne a]ka]oids in Papaver somn1ferum plants and may a]so

‘help g1ve a c1earer understand1ng of alkaloid chem1stry, both in vitro

and” 1n v1vo



* VII. - DESCRIPTION.OF EXPERIMENTAL WORK

A Start1ng MateriaTs

Theba1ne, code1ne, and morph1ne were obta1ned in crysta111ne _
'form from Ma]]1ncrodt Chem1ca] works Code1none was prepared from

code1ne by ox1dat1on with s11ver carbonate as descr1bed by Rapoport

and Re1st 57 Neop1none was prepared accord1ng to- the method of
:Conroy”67” The p]ants used in this work were from seed of Pagave

,somn1ferum L s var alba, u. S D. A No. 40 grown at Somerton,-

Ar1zona 1n 1950

.B Blsulf1te Treatments of Codelnone .
U immanso, v E

Flfty mg codexnone p]us 20 mg code1ne were d1ssolved in TO ml
_benzene and" p]aced 1n an er]enmeyer fTask w1th 10 ml freshTy prepared
1 M NaHSO3 ' The f]ask was f1ushed-w1th n1trogen stoppered, and
| 'shaken on a mechan1ca1 shaker for half an hour after which time the
.benzene.layer was removed, Ana1y51s of therontents of th1s;1ayer

indicated that all of the alkaloids had been removed. : The pH of

B the aqueous solution was' then ra1sed to ‘oH 8. 5 and- the solution

was - extracted several times wwth benzene to remove the .codeine. No
«codelnone was.TTberated;.aS'seen.by TLCn(s111ca-geT, soTvent system
‘of CHCTy - CHyOH : 3/1 plus 0,028 NH,OH. Note: These conditions of

:TLC were theoones-alwaysvused unless otherwise indicated). - Subsequent
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‘~vexper{nentsiusfng ]4C—COdeinone'under.the“sanefconditiOnéealso'shdwed-
no release of actfvity at this pH. The pH of the iqueous solution. |
was then‘reised'to.pH 12-14. Thevbasié‘éo]ution_p1u$’10 mL ch10rd-f~
form'wené'Shaken in tne:derk"(to avoid decompoSition aecelerated by
1ightf75 on a mechanical_Shaker for 48'h6urs (in a stopnered.flask
f]ushed w1th n1trogen) During this time, the chloroform layer wae
changed after 2, 4, 8 and 24 hours,.and fxna]]y removed after 48 H
hours Each organ1c extract ‘was 1mmed1ate1y dried over sodium su]--
fate,-f11tered, and-evaporated‘to dryness, but the products,from all
of tne‘eXtracts were combined. Yield of codeinone wae epprox._55%;
but this substance waé shown on TLC to have some polymeric material
in it. .Pyrification could be accomplished at this stage,by sub1{ma-"
tion}and necrystallization, but generallyvin these studies derivati-
zaﬁion_nas first effected, fd]]owen_by-the easier purification of -the
derivative. | | |

An attempt was made to improve the final extraction of codeinone
from the’aqueous_§o1ution=by continuous extractior with methylene .
chloride. -HoWever, a lower yield (27%) was obtained, and the amount

of polymer (as seen by.TLC)-in this‘product‘wa§ much,higher.

2, _PH 7 Bi’sulfite

A pH 7 b1su1f1te—su1f1te buffer was made 1n the manner descr1bed.u 
by Rapoport and Lovell, %% and con51sted of a 1:3 mlxture of 1 Mo
NaHSO3,and 1M NaZSOBY(w1th f1na1 pH adJustment w1th»one or the otheri .
 of these_solutions as needed). A treatment similar to that descr1bed

above was given to codeinone. It was found that code1none took a-
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,‘;]ongér perdodfof:time to‘form'the bisquite adduct7at.this-pH
‘.‘Therefore the 1n1t1a1 shak1ng time was increased to one hour

‘ Under these cond1t1ons, no code1none was 11berated when the pH was
;'ra1sed to pH 8 5, 1nd1cat1ng that 1t had a]] formed the adduct

]4

: _(th1s was also checked us1ng C code1none) Recovery ofIcode1n0ne

was. accomp11shed 1n the same manner as- descrlbed above

,;f‘C Prob]ems with’ the B1sulf1te Procedure as a Method for Separatlng,

Code1none from Other Non-pheno]1c A]ka]o1ds S

:‘] Loss of Thebalne | | |
0r1g1na11y, 1 M NaHSO3 was used 1n the separat1on of codelnone

from the other non phenol1c a]ka1o1ds However at t1mes rather

extens1ve loss of theba1ne was observed from th1s treatment There-

fore, an 1nvestlgat1on was 1n1t1ated to determ1ne where th1s 1oss
foccurred and how to avoqd 1t Theba1ne is: known to undergo several

8, 36 76 Our 1n1t1a1

};react1ons 1n ac1d depend1ng on the cond1t1ons
_-1nvest1gation was to see if the 1oss of. thebalne was due to ‘the ‘low
LpH (m4) of the 1 M NaHSO3 solution.: When th1s was shown not to be.

* the case, then pH 7 b1su1f1te was tr1ed for the extractlon scheme,_

.and the ]oss of theba1ne was great]y reduced S1nce code1none could

-1st111 be effect1ve]y separated from the other alka]o1ds w1th ‘the pH- 7

.treatment a change to this pH was made in the extract1on Some

4[I1further work as to the 1dent1ty of the thebawne b1su]f1te product was

66 was ab]e to show that the product

Vconducted and f1na1]y BJeldanes
1was demethy]sa]utar1d1ne (XXVIII) Itsvformat1on could be_avo1ded

by work1ng in the absence of oxygen The results:for codeinone

L]
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extraction usin§ oH'7'bisu1fite are described on the preceding pages.
The deta1]s of the theba1ne work are presented below. |

‘a) Compar1son of theba1ne behav1or in phosphate: and b1su1-

fite solutions. Ten ml ‘thebaine stock so]ut1on (approx 5 mg.theba1ne/,

100 m] benzene) were shaken on a mechan1ca1 shaker for one hour with
10 ml, phosphate buffer at pH 2. 3 (1 NH PO4 + NaH P04) The benzene
layervwas-remoyed, the pH of the aqueous layer taken to pH 9.7 with
1N NaOH,.and_the solution was extracted wjth_benzene.v This.benzene'
vsolution was evaporated, and the kesidue ana]yzed_qUantitatiVe1y by
UV (methanol. solvent) | |
Thebaine  from the same stock solution was s1m1]ar1y shaken with

1M NaHSO3 (pH ), taken to pH 9 7 extracted, and the benzene extract .
ana1yzed Tle pH of the aqueous solut1on was -then taken to pH 12 5,
and the so1ut1on was shaken for four hours on a mechan1ca1 shaker

vw1th benzene chang1ng the benzene ]ayer tw1ce dur1ng this period.

v analys1s A ax =285 my
: Samg]e | S _"AbSOrbance % RécOvery_of Thebaine_
SStandard S o 0.572 | | ”
.,After-phosphatevtreatment . "0.565 99

-zAfter bisu]fite tneatment |
CpH9T extract 0205 35
P 12:5 extrat ”‘_ 0o

;)_Treatment of theba1ne with b15u1f1te at pH 4 and at pH 7

Ten m] theba1ne stock so]utlon (approx 10 mg/100 m1) were shaken -

w1th.10 ml pH 7 bisul fite-sul fite buffer solution on a mechanical
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‘eshaker for. half an hour or for one hour. The oenzenellayerJWae re- ‘“

moved. and=worked up for oy ana]ys1s "The pH of the aqueous'eclution
was taken to pH 9.5 - 10 and the solution was re-extracted ‘with
benzene Exact]y the same procedure was fo]]owed using 1 M NaHSO3

f(pH ") _ |

o ana]ysxo:;,x . ='285‘mn:

max- .7
L __§§éﬁi§l‘ : .<4fAbsorbance % Recovery -%jTota]ARecoregx
A 7 Biswifite - T
gfandard“:ﬁ NN
1/2fhrfshaki-ng-j e |
pr71extract | 1.04 S 68 .
PHO0 extract . 0.26 o e
1 hrextract Ll L
PH 7 extract. A o102 N 67
pHIO extract 01912 78
Ry NaHso3 | i R
Standard :' . ];42
1/2 hr shak1ng | | : o
pH 4 extract f"v‘;.”O | f.“" 0 |
" qu-lo extracf-' o 0:34 . 23 N 23

'_2 Car;y-over of Code1ne w1th Code1none in the B1su]f1te

Before it was dec1ded to use 11th1um reagents to pr0V1de der1va-
tlves of code1none useful for further purification and analysis, the
onvers1on of codeinone-to codeine®? had been considered.. However,

early in this work the suspicion arose that there was a small.carry-
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oyerlaf-codéihe with the codeinone in the bisu]%ité'prbceduké.. Such
.vafcarfy:QQEr;wduIAVahtomatiCaliy'invalidate any.daia}obtained about

codeinénévifftﬁé fsolated'ébdéinoné,were‘cohﬁerted tovcodeihe f6E;
“analysis. To check this, 100 mg. (143,000 dpm) *c-codeine plus

230 mg;éodeinbne‘(hdh—labe]Téd) were carried through the plant work-
up;prQCeHUréuand theh_carried through the bisulfite procédure. No
codginé-cou]d be seen by TLC_inﬁthé codeinonevisb1ated;'but the'Rf
‘va]ueS'for the two tompoundslwere véry-c]ose-(codeine: Rf 0.52,
cédeinbnef Rf 0.60); HoweVer, the codeinone had an activity count
corfésponding’to 2.7% of the activity originally added. This acti-
vfty could only come from codeine. In fact, a subsequent experiment
¢onvérted'the isolated deeinoﬁé‘to G—méthylcbdeihe (XX;VI),63 purifi-
caticn of whichte]iminated the radioactivity carry-oVer. Similar |
tests7for‘carry~OVer’by:thebaine indicaﬁhd fhét there was no diffi-
.cuTty iﬁ_this Tine. The:reason.for‘théikodeihe carry-oVervcannot be
exp]aihéd; as cé1¢u1atiOns based on Hi§tribu£ion:coefficients predict -

a clear -separation.

D. Hydrdgenation_qf Codeinone

‘1. Using 10% Pd/C

: The cohversionvqfvcodeinone_to,dihydrocodeihone (XXV) by hydro--
genation ovér 10% Pd/C HéS‘been described by Mannich and Loewenheim,SS-
and we can confirm their results. TLC of the product indicated that
the major product was.dihydrocodeinbne, but the presence of at Ieast
two other substances:to the extent of 20% of the tota1'yie1d could

' a)so‘be'détected. An 1increase in the amount of catalyst increased
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the amount and number of side products -ln"handlfng-the codelnone‘
1solated from plant material, a. veﬁy small amount .of codeinone would
| be expected.—w such that 1t would: be d1ff1cult to calculate and use
' an: exact rat1o of catalyst A der1vat1ve of codeinone was sought
-lwhose format1on would be 1ndependent of. the amount of. reagent or.

catalyst used

2 Us1ng_5% Pd/BaSO4

It was hoped that a change of catalyst mlght el1m1nate the s1de~

;,products observed 1n the reduct1on of code1none Use of a Pt- '

[2)

'(conta1n1ng catalyst completely altered the . product ‘Therefore,

-another Pd-conta1ning catalyst was. trwed Us1ng 5% Pd/BaSO4 (l8 mg. -

- cata]YSt + 34 mg code1none in 5 ml absolute ethanol hydrogenated at

.:'t room temperature under l»atm.Hz) the uptake of hydrogen was “‘slower -

.:than w1th 10% Pd/C but ‘the lsolated d1hydrocode1none still contained -

'<:~up to 207 other products (none of wh1ch could be 1dent1f1ed as - d1hydro-

R ?Réaétion-of\cadelhaneﬂnifh-Lithium;kéaﬁéntsf,~.}

-'codeine elther)

1. React1on w1th Methyll1th1um ,,ff,;f',l

The react1on of code1none wlth methyll1th1um to y1eld 6 methyl-

:-code1ne (XXVI) was conducted accord1ng to the procedure of F1ndlay

] 63

23“d Smal and a quant1tat1ve y1eld of product was obta1ned

» 2 React1on w1th n Butyll1th1um
£ a) Codeinone;plus n- butylllthlum ll)'lhree hundred mg.

“code1none were d1ssolved 1n toluene and stirred. at 0°C under n1trogen

“'Four ml n- butyll1th1um solutlon (l.6 Min n—hexane) were added, and»v .
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the'reactton mirture was stirred:for one hour-. (In all cases, the
presence of excess Tithium reagent at the end of the reaction was
conf1rmed by the Gi]man test w1th Michler's ketone 77)_ After this
‘time, the react1on m1xture was deact1vated w1th ice-water, and the
aqueous.layer was_extracted w1th»t01uene. The dried to]uene was eva-
porated‘to dryness..-TLC.rewealed.a_comp1ex*m1xture:e‘a good deal of
unreaCtedvcodeinone a 1on§?smear:below codeinone, and at least
three Spots with Rfs higher than codeinone. |

| Exper1menta] conditions were varied as fo]]ows. (i) Same as
(i) except at room temperature instead of 0°C. (111).501vent for
codeinonékwas'ZO% ethy] ether, 80% toluene; reaction was run at room
temperatore-for one honr. (iv) Same as (iii) except for two hours.
: In‘aTtpcases the:prOdUCt was a complexlmixture of compounds, in-
c1udfng cOdeinone. VPC;indicated three}major products, corresponding
to the three compounds of hi gher Rf seen on TLC Attempts to separate
. these three compounds by co1umn chromatography (si]ica gel Woelm,
CHCI3/CH30H = 5/1 + 4 drops NH4OH per 100 m]) 1ed to the isolation
of_the 1argest component (the one wtth the highest Rf), bwt the
other two compounds remained»together.t Mass spec. analysis of the
sing1ehisolated compoundiindtcated a parent peak'of 355 (probably
6—buty1codeine, MW 355)f ‘Mass spec. analysis of the fraction con-
‘taining=the other two compounds indicated a "parent peak" of 413,
| which ﬁs the same as the molecular weight of a dibuty]codéine. |
Further identiffcation-has not been donepat this time.

' b)-Dihydrocodeinone p]us'n-bntyllithium Since the reaction

of codeinone w1th n-buty1lithium indicated that we were obta1n1ng ’
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moitipje products (some of.whjch were probab]y:due,fo'a,s-unsatorated
nature;of.fhescarbony]) th1e at the same time we were able to iso-
late afp]eastfzo% unreacted startfng.material; weAWere_interested_in
.dbéerV1ng-the behavior of dihydrocodefnone with n-butyllithium. It
wou]d be quite surpr1s1ng if we were to obta1n mu1t1p1e products with
_ d1hydrocode1none but a s1m11ar lack of react1v1ty as that shown by
code1none m1ght be expected. Small and Rapoport65 d1d not report
any_secondfproduct or refSo]ation of”any starting material on
reaction of_dihydrocodeinone wfthrn-amy11ithium, but they had ob-
| tained an oil, and 1a¢k of7access to TLC may have failed to reveal
the presence of other compounds. - |
E1ght mg. d1hydrocode1none were d1ssolved in- to]uene-ether (4:1)

' and st1rred at room temperature under nltrogen for two hours with
2 mL.n-buty111th1um solution (1.6 M in n-hexane). TLC of the pro-
duct'indicated the-comp]ete:absence of dihydrocodeinone and the
presence.of,onevspot, of higher Rf than dihydrocodeinone.

UnfThe_behavior of codeinonE”witn n—butyllithiumvappears to be
rather unusual. One further surprise came when we discavered that
cddeinone reactS'quantftatively with_pheny11ithiun,to yield one
prodoct' 6- phenylcodeine (see below). It therefore appears that
'ster1c factors are not the sole reasén- to account for codeinone's
behav1or toward 1ithium reagents. Further 1nvest1gatjon in this

Tine could prove very interesting.

3. Reaction with Phenyllithium
?idne gram_codeinbne was dissolved in 40 ml. toluene and reacted

at 0°C for one hour with phenyllithium solution, with periodic
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monitoring with the Gilman test.”’ At theiend of the reaction time
the mixtune was deactﬁvated With fce-waten. .The aqueous layer was
acfdified.and'extractedfseVera1 times with toluene to remove the

'bipheny17preseht1frbm'the phenyllfthium:reagent  The acid solution

: was then made bas1c and extracted severa] t1mes w1th ch]oroform

The organ1c extract was dr1ed filtered, and evaporated to dnyness
Yield: 1.1 g. (90%). Tke 1nd1cated the complete absence of code1none'
(pr0;53) and the presenoe ofdonjy one prodoct (Rf 0.81). Efforts

to Ch&sta]]ize.the productnweredonsutoessfU];.‘However,'drying over=
night ath45° on a vacuum line (200-300'p) produced a glass. A

powder from th1s glass slowly softened and f1u1d1zed between 57°

and 70°C Analysis: .Calc. C 76 77%, H 6. 7]%, N 3.73%: Found C-
76 62% H 6. 58%, N 3.70%. Mass ‘spec.: revea]ed a parent peak. at 375

(M4 of 6-pheny]code1ne (XXVII) '375). UV: - 'Amax 385 my, 1og € =

3.185. NMR was s1m11ar to that of codeme70 78

with the absence of
| the 6-H (4 2 ppm) and the presence of a mu1t1p1et for the pheny]
‘group (7.3 ppm). VPC (for complete descr1pt1on, see later) gave a
singje peak'at_Zl minutES, a time at:which_no non;phenolic alkaloid

iso]ated'from.poppy plants gave a peak.-

F.Acetyl Derivatives of Alkaloids

Another attempt to obtain'a'derivative;of codeinone which was
quantitative and which would produce a peak on VPC. distfnct ffom
those of other a1kalo1ds and also one which was “very sens1t1ve was’

to try acy]at1ng various ex1st1ng der1vat1ves of code1none On-

co]umn acylation ofvcode1ne and morphine was tried by Andens7and
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Mannenng,64 and was weny successfu] in the case of morph1ne but
qu1te unsuceessfu] in the case of codeine, We tr1ed co- 1nJect1on |

'eof a samp]e of code1ne wlth acet1c anhydr1de but obta1ned a. new

"peak to the extent of on]y 5% - the rema1nder of the. eff]uent from
ifuthe VPC was st11] codeine. Slm1lar»resu1ts were 9bta1ned~1nrthe.case '
of 6-methy1 code'me (XKV1). Ihéféfpm,l%t* was decided to acylate
"--first ‘and then vee. I CE o
Twelve mg 6-methylcode1ne were p]aced 1n a flask with 2 m]

naeeticAanhydr1de The react1on m1xture was’ a]]owed to ref]ux under

- nitfdgen The react1on ‘Was fo]]owed by per10d1ca1?y taking a 2 u]

sample and 1n3ect1ng it 1nto the VPC After e1ght hours, the

'--}[”reaction was comp1ete., '

”7*f'f‘VPC§; 6- methylcodelne '], 4 min, 15 sec.

| 6-acety1 6- nnthy]code1ne- : ”6,m1n;_45_sec.
(theba1ne .6 min, 45 sec)d

InﬂaAsim11ar manner. 9 mg.code1ne were ref]uxed 2 hours w1th

.”acet1c anhydride, the react1on belng fo1lowed by VPC

R VVPC:_ code1ne' 4 min, 45 sec,

o : . 6= aceﬁyicodeﬂne 6 mxn. 45 sec,

‘All of the VPC peaks described above are very sens1t1ve .and the
itacyIation react1ons were qu@gt1tat1ve. TLC of 6- acety] 6- methy]-

”'.code1ne and 6-acety1code1ne §howed that the two could be separated

by TLC

The f1rst attempt to separate opium a]ka]o1ds by means of VPC
. was repqrted 1n 1960 by Lloyd et al. 7. S1nce that time many
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studfee;haue.beenvcohoucted in orderffo reduce tailing and increase
eeneitivity.ﬂ A:good discussion of some of'the'preoautions necessary
is found'in an artfcle-by'McMarffn and Street,so The system which |
we haregenoed up using has heen‘developed as'a.re$u1t of Tong, slow
deVeTooment"' A description of fhé present'sysfem fo]]ows.
| The use of a g1ass cqumn 1s def1n1te1y necessary Comparison
W1th a meta] column, us1ng 1dentical pack1ng materlal, showed that
far ]ess ta111ng and much higher sen51t1v1ty was available with a
glass co]umn v The column pack1ng mater1a1 must a]so be carefu]]y |
prebared~SO as to reduce the number of polar sites on the solid
support "Either Gas-Chrom Q or Aeropak 30 (100/120 M) can be used
as the‘so]1d support -- both have been DMCS treated and very. care-
| fully acid- and base-washed Use of some kind of silicone rubber
has been found to be most successful for the stationary liquid.
R Recent]y; severa] si]iCone rubbers have“become available which are
_stable:atftemperatures aBove 3504C. of these,YOVrl.and 0V-17 have
both‘béen used with some sucoess3 o | |

The co]umn preparat1on procedure is as follows. The: 6 mm. glass
,tub1ng for the co]umn 1s rinsed thorough]y with water, then W1th
acetone—methano] (2:1), and then with chloroform. - It is then
_a]]oweo to dryvmhohoﬁghiy,in'a etreﬁm of'nitrogen._ The packing
| materféjhis then prepared according to the method of Kruppa 53,31.81
Twenty;g;Aeropak 30 (106/]20 M)'arevsiowly»added with stirring (but
no grinding against thezgides of thejheaker) to a so]ution‘of‘];slg.
ov-1 in 100 m1. CHCI 4. fhe mixture-fg'then:allowed to sit for 5-10 _
minutes,_ At the end of this time, any particles of solid support

floating on the chloroform are removed. By a process of very gently'



;fstirring, the Aeropak ls then m1xed up w1th the supernatant and

'the resu]tant s]urry is poured 1nto a f11ter funne] and the -excess

. ch]oroform removed Calcu1at1ons based on the amount of ch]oroform

"recovered can g1ve an approx1mate est1mate of the amount of coat1ng
wh1ch has occurred In this case, it is usua]]y around 3%. The
!f?Aeropak 1s sucked reasonab]y dry on the f11ter funne] It 1s.then
p]aced in- an App]fed Sc1ences F]u1d1zer, in which a warm stream of.
n1trogen suspends ‘the partlcles and removes a]] excess so]vent A
7vf1na1 dry1ng 1s done in a 1arge, f]at dxsh in the oven at 100°C
._“The prepared pack1ng mater1a1 is p}aced 1n the glass VPC- co]umn by
means ‘of suct1on accompanied by gent]e tapp1ng Curing of the |
-hco1umn 1s accomp]sshed by f1rst p]ac1ng the co]umn in the VPC oven
"'*and heating the oven to 300°C for two hours " No gas passes through
‘the co1umh dur1ng this t1me The'temperature is. then lowered to

*250°C. carr1er gas’ (argon) is turned on. to approx1mate]y 60 ml/min,

' 'vand the co]umn is a]]owed to cure in th1s manner: for 24 hours.

| Us1ng a co]umn prepared in. th1s manner, we have been able to obta1n

‘h :good reso1ut1on of the alka]o1ds and sens1t1v1t1es in the range of .
=,*70 nanograms for code1ne and 200 nanograms for theba1ne 'VPC cond1-
't1ons used for the a]kalo1ds were: co]umn temp., 210°C, flash heater

: .3and detector temp 250°C, carrlerlgas'and_tlow rate, 60-m1/m1n argon.

1. Trapp1_g of Compounds from VPC

In order to determ1ne the spec1f1c act1v1t1es of the compounds

"isolated from ‘the "steady statef,exposure, agmass determination was -
. R . . N\ .

"~ doné by means of VPC. After'this, the coTumn was'ffxed'so‘that the

iyl



eff]uent cou]d be trapped in a cap11]ary tube conta1n1ng f1ne g]ass
beads The eff1c1ency of trapp1ng of 6- pheny]code1ne was determ1ned
by trapping a samp]e of standard which had been 1n3ected and then .
re-jnJect1ng this. trapped material (with the column once aga1n

, attached:to,the-f]ame'ionizatioh‘detectbf) to determine the amount
recovered; 'ApprOXimate]y 80%}recovery was obtained. ‘Ih-the ease of

]4C—stdndards of these compounds were

3 _codeine and thebaine, known
'aVailaeleﬁf These standards were injected andtthen-tfapped. Liquid
' stinti]lation counting of the trapped materfa] showed épprbximately_
86% recovery in bdtﬁ cases. Martin82'has‘reported-that;thebaine
decomposes,oanPC. He used a metal eolumn for his work. - Whether-
eor not'this:occdrs using a glass column is, at this point,dnot imbor- |
taht;rsince we now know that we can isolate most of the carbon from

"thebalne by trapping (807 recovery), and for a spec1f1c act1v1ty

vdeterm1nat1on that is what is necessary

, H.. Standard Work- up Procedure to Isolate Alkaloids from Papaver

Sommferum82

The procedure described here is effective for 50-100- g. fresh
p]aht materia].‘ The‘p]anté,are frozen ih_1fquid nftfbgen, Chopped
ub, anddthen_ground'in a_Warihg'blender. At this point, if cafrier |
compounds are to be édded; they are added -- dissolved ih.butaﬁo]-
beh?ene;(lrl). Onevhundred ml.bUtanol-benzene (1:1) and 25 ml, 10%

“sodium carbonate solution are added to the plant matefial, and the
" entire mixture is ground in the blendor for 10 minutes. More.

_buténolQbehzene is then removed, and fresh butanol-benzene added,
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with‘further mixihg‘fon’s minutes in the blendor. Four or five -
sUchcbutanol -benzene extractions‘are conducted. The combined organic
extracts are then extracted three or four t1mes with pH 2.5 phosphate
so]ut1on made from 1 N H 904 and NaH PO4 crysta]s The pH of the
aqueous,extract 1s_then:ad3usted-to pH 13-14 using conc. NaOH solu- -
tion, and the non-phenolic a]kaloids-extracted-with chloroform. If
the determ1nat1on of morphine is also necessary, the pH is readjusted
to pH 8 6 and the pheno]1c a]ka1o1ds extracted with chloroform.

(Note: ,Subsequent to this work, R. Mil1erSs

has developed better
methods for-extracting the phenolic alkaioids,‘as low recoveries are

obtainéd by the methods described here.)

I. ‘14C0,_"Stead178tate” Exposure of Papaver'Somniferum

N1ne poppy plants, 64 days old, each we1gh1ng approximately 30 g,

14,

were: exposed to "steady state" conditions of -CO2 (see Chapter II)

in the Tight for three hours. The 1%

CO2 in the cylinder had a
speciffcuactivity of 0.2 mC/ml. (STP). The 1eveJ of -carbon dioxide
in the exposure_chamber'was,maintained_at 0.04% throughout the time

14C02 (43 mC) were used. Of

- of the exposure. A_tota]hof 215 ml.
this,:70 ml. (14 mC) were used to fil]'the exposure chamber; hence
that much was also left in the chamber at the end of the exposure,
meaning that 145 ml. (29 mC.)__MCO2 went into the plants. |
At the end of the three hour exposure time the plants were re-
moved'from the chamber and immediate}y frozen in Tiquid nitrogen.
‘The usual work-up;proceoure was followed to isolate the non-phenolic

alkaloids (no carrier alkaloids were added, either during work-up or
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*enaiysis) The crude non-pheno11c a]ka101d mix. was taker through

"the b1su1f1te extract1on procedure to separate code1none from the

other a]ka]o1ds.' The codeinone in turn was_treated with pheny1]1-

- thium to produce 6-phenylcodeine (XXVII). Mass analysis of each of -
the a]ka1oids wdS'done-by}VPC; with}the:colomhrat”210°c for the

analysis of codeine (4 min, 45 sec) and thebaine (7 min) and at
233°C for the analysis of 6-phenylcodeine (9 min. 15 sec). Radio-
actiVityfof each of the alkeloids was measured by trapping each peak

after Ve (after first determ1n1ng the trapp1ng eff1c1ency for each

.a1ka1o1d) e]ut1ng with ]1qu1d sc1nt111at1on solution, and count1ng

by 11qu1d,sc1nt1]1at1on/count1ng. The results are presented in

Tab1e“ififoh‘Pagef47§f

]4C Act1v1ty in the 6- OCH Group of

Theba1ne after the “Steady State Exposure B

Onevgram_theba1ne end 0.5 g.codeine were added as carrier alka-

"1oids,to‘the sample containing these twovalkalo{ds obtained from the

"steady state".expo$ure,_ The alkaloids were separated by means of
co]umn:chrometography, and the tﬁebaine-was oorified by sublimation -
and then*recrystallization to constant activity‘(from methano])..

The soetific activity of the thebaine thus obtained was 40,400 dpm/pM.

67

The prooedure of Conroy®’ was used to convert a portion of this the-

baine. to-14 bromocodeinone (XXIX) usingiN'bromosuecihimide The. on]y

.-dev1at1on from his procedure was that acetone was the ‘sole so]vent

for the reaction (instead of 2:1 acetone-water), this change in =

solvent being found necessary 1in order to obtain complete reaCtion
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of theba1ne on th1s smaII sca]e Prec1p1tat1on of the product was

.accompllshed by the add1t1on of water at the end of the react1on

The product was pur1f1ed by recrysta111zat1on from benzere- ]1gro1n

' and prep —TLC Its spec1f1c act1v1ty at the end of th1s pur1f1cat1on
_'was 30 800 dpm/uM or 76% of the start1ng theba1ne Therefore 24%

of the act1v1ty in the- thebaine from the "steady-state exposure
| was 1n the 6~ OCH3 group Taking ‘this fact Into acCount thé cor-
'ﬂrected vaIue for the theba1ne spec1f1c act1v1ty in Table III is

18 x 107 dpm/uM

K.- Feeding of Nuclear Labe]]ed ]4C Codeine

~

L NucIear‘IabeIIed 14C codeine, with a spec1f1c activity of- 50 200

o _'dpm/mg, was obta1ned from G Blaschke dur1ng his synthes1s of nucIear—

'-5_11abe11ed code1none 48 Four plants of Papaver somn1ferum, 43 days old,

6 g each were hydr0p0n1ca11y fed 3 mg (130 400 dpm) 14¢ nuclear-
rj Iabe]]ed.code1ne The pIants were pIaced in four vials, and a solu-
S 1,

" tion of the '4C-codetne in a mixture of 0.3 ml. 0.1 M HP0, and 4 ml.

-f'HoagIandFS}nutr1ent-so]ut10n843was‘d1v1ded equa]]y_between the plants.
'aAtter'onehminute “an. additionaI 1 mI.nutrient so]utton was added to
each pIant these add1t1ons being repeated every ten minutes for
thirty minutes After thIS -period, the Ieve] of nutrient was main-

vftained at 8-10 mI for each.plant- for forty eight hours . The pIants

- «:were then removed “their roots washed with 0.1 M HaPQ, and then with

' d1st111edfwater;_ AAoount of.the radicactivity in these washes as well

as invthe nutrient sqution'remaining in each vial at the end of the

_feedingfrevealed{the'presence.of 51,240'dpm7eodeine (and only codeine,
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ashseen by.TLC) not 1n¢orporated into the'plants; indicating-thati
79,000 dpm were 1ncorporated into the plants. A1l future ca]cu1a-
tions will be based on th1s f1gure of the amount incorporated.

| "Co]d" code1ne, codewnone, -and morphine were added as carr1ers
in the work—up of the plants. Morphine was separated with the
vpheno]ic'a1ka1oids-and was purified_by a coup]e of different kinds
of TLC_and then subiimation.: Codeinone was isolated-by means of its
‘bisulfite addition product;and was then reacted with methyllithium

to Obtainyﬁ-methy1codeine, which was then purified by prep.-TLC,
| sublimation, and recrystallization. Codeine was purified by column
chromatography, sub1imation, and recrystallization. The results are
presented in Table I, page 35.
L. Chromatography of Neop1none

ﬂrausz and Rﬁ]lﬁs reported that a]um1na chromatography of neopi-
~ none converted it to code1none We confxrmed this observation,
ana]yz1ng the product by NMR and IR. In‘addition"we found that
s1lica ge] chromatography caused s1gn1f1cant convers1on to codeinone.
For this reason, neither of these systems could be used for the ana-
1yt1ca1 or preparat1ve chromatography of" neop1none On the VPC the
retention times of codeinone and neop1none are the same (and both
with very Tow sensitivity), so VPC cannot be used for analysis.
Brochmann Hanssen et a] 71 reported a paper chromatograph1c ,
nsystem which was;a good method to distinguish codeine and neopine.
"Itfwas decided to_try;this system for'the‘separation,of codeinone
and neopinonexu The papers (Whatman No..l)lwere-boftered'with pH 6.5

72

McIlvaine buffer,’? made by mixing 710 ml. 0.2 M NaH,P0, with 290 ml.
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0.1 M cftrit acid. The'so]vent'used for the paper chromatography
'of the alkaloids was water-saturated n-butanol. The following Rf

values were observed: .

iyeodeine.- o N - 0.7
~Neopine - 0.5
- Codeinone : 0;8_‘
-~ Neopinone o ‘ 0_7- , -
6-Methy]codéing}' o 0.8
. 6-Methylneopine 0.6
~ ﬂjyuihydroco§éihone' 07
‘14—Bromoc6deinone 0.9

it was aﬁparent'thét neopinone and codeihone could be separated
(though not wé]]) bj this method. Howevér,-fﬁ is a slow method and
is.not7p$fticu1ar1yiaménab1e to pfeparative work due to the low load
capacity of the paper and the prob1emsvassociated with elution and
subséqqent separation ffom-fhe citric acid used in the buffer.
__Therefdre, a moré‘ébnvenientrsystem was sought.

| Since.one°of the disadVQntages of paper chromatogfaphy was time,
cellulbse-TLC was tried next. Teichert 33;31,69 have used formamide-'
imprggnated cellulose plates for the chromatography of some opium
aTkalbids. Usjng theif‘solvgnfbsystem of benzene - n-heptane -
'-:chioroform - diethyiamihe (60:50:10:0.2), the following Rf values

were obtained:
Codeine 0.35
" Neopine | 0.20
Codeinone 0.47
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- ',vNeopinone ~”"'? K  , - 0.30.
. 6-Methylcodeine 0.65
6-Methylneopine- -~ = 0.53

Thus, ¢eTiU]ose TLC provided‘é‘fairlylrépid'method for distinguishing :
neqpihdﬁefathCOdéihoné; It was also investigatéd.for preparative
work, as a possible method for separating codeinone and neopinone.
Ahalytica] plates were thé “instant", pfasticabacked p]ates.avaii-

able from Brinkmann. Preparative plates werermade using a slurry of

42 g. Machery Nagel Cellulose Powder MN 300 G in 160 ml. water, which

‘was sufficient for coating five plates with a 1 mm, thick layer.

Thevp]ates were a]]owed to stand at room temperatdre for at least
é4,h6urs‘before_usihg. One ﬁdur before use they were immersed fn
a 5010tion of acetone-formamide-(4:1).and then é]idwéd to dry in
the open air. ;

. For prepafative_Woﬁk, the maximum Toad beh’p1ate.was 10 mg.

| The preparative sepafatioh of neopinone and codeinone was attempted,

USing a sufficient amqhnt-of material and plates so..the NMRs could

" be run of the e]utéd pfddﬂcts.' After chroMatography, the region

corresponding_tc a particular compound was scréped into a Millipore

‘apparétus,equipped with a Millipore Sb]vinert'fiiter (pore size

0.25 u). ,Ch]oroform was ineffettive,fof elution, so methanol had
to be uséﬂ. In'fhé process, the methanol also eluted the formamide

from the plate. The fi]tfate‘aftér elution was*eVaporatéd down

until it was an oil. It was then dissolved. in chloroform and in

water. The chloroform layer was extracted several times with water

to remove all of the formamide, and then finally the chloroform was
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dr1ed over sod1um su]fate; fi]tered and evaporated to dryness
_Rechromatography on ce]lu]ose TLC of the two spots obtained from
a crude noep1none samp]e (1 €., neop1none and codeinone) showed
that each spot reta1ned 1ts 1ntegr1ty -- except that occassionally
vchromatography of the.bottom spot,1solated (neop1none) showed a
faint presence of codeinone. IR of the"tep saot isolated showed a

-1

strong carbony] absorpt1on at 1680 cm ', and NMR corresbonded to

that of codeinone. IR of the bottom spot, however, showed tw0>ear-

bonyl -absorptions, at 1735 cm™)

and at 1680 cm'. NMR also indi-
cated the neopinone was not the only substance present. .Some |
possibie'eontaminatiOn by eedeinone might have-been present, but
there3Were'6ther tmpurities:as well -- although cellulose TLC of
the”mater1a1 from the'bottem spot had shown 6n1y one spot, with av
fa1nt spot for ‘codeinone. Also, s111ca gel TLC of the material from v
'th1s bottom spot showed at Ieast four substances to be present,

_ whereas s111ca gel TLC of the start1ng nelpinone on]y showed one

spot-w1th a slight tail. It was obv1ous that cellulose TLC could

'not be used for the pur1f1cat1on of neop1none, as 1t caused exten-

'-fs1ve deter1orat10n of the neop1none

M.-fReaction:of'NeopinOne‘with Borohydride
: Neoainone cou1d”be reduced with SOd1Qm bqrbhydride in.methanol

-te yfeldtneqpine,-as,described by Conroy.67

Both paper chromato-
v'graphy and cellulose TLC of the product indieatedvthat the product
contained approximately 20% codeine (estimated by spot size), which

would have been produted by borohydride action on the codeinone
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‘soub]et at 4 85 ppm for codeine and at 4.64 for'neop1ne
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62

contanﬁnant:in‘the ceopinone; ~ NMR of the product aiso showed

the presence of codeine in the neopine the most sensitive’area

_ for th1s determ1nat1on being the absorpt1on due to the 58 H (a

). 7Q 78

N, Preparat1on of 6- Methy]neop1ne

B 1 2 g. crude neop]none (known to contain approximately 20%
codeinone) was dissolved in 20 ml. dry to]uene and reacted at room
temperature (under n1trogen) w1th methy]11th1um so]ut1on for ha]f

an hour. At the end of this time, the solution was deactmvated

with {ceAWater The aqueous solution (which was strong]y basic)

' was extracted several t1mes with to]uene wh1ch was then dried over

sod1um su]fate and evaporated to dryness The y1e1d at this po1nt

was on]y O.6-g. A 1arge amount of material rema1n1ng in the aqueous

’.soiution could be extracted at pH 8.6, but not_at a lower pH, indi-

Catingdthat:it was probab]y pheno]ic in nature. The non-phenoTic
broduct was purified-by-a]umina TLC. A solvent system of cyclohexane-
chioroforméacetone (8&2:6)»§ave a.moderate]y good separation of 6-
methylneooine (Rf 0.35) and:6-methy1codeine (Rf 0.25). (Other Rf
values with this system Were'v codeine, 0.10; thebaine, 0.40).

The 6-methy1neop1ne thus obta1ned was checked by AITLC to be sure

| it was pure, and then it was sub]1med at 65°C and 40 u pressure

The-product was rather g]assy.1n nature but turned crystalline
after_seyera1idays. MPv106-8°C. Anaiysis: .Calc.. C 72,82%, H
7.40%, N 4.47%; Found: C 73.65%, H 7.26%, N 4.27%. Mass spec.
showed afparent peak at 3T3 (MW of 6—methy1neopine: 313). UV:'-
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Aax = 283 my, Tog.e =3,21. 'NMR'was'sihi]ar‘to-that of neopine,
_ with the absence of the 6-H (4.23 ppm) and an absorbtiOn for the

6'—CH3 at-1;34 ppm. In addition, theISB-vaas changed to'a sing]ét

‘and appeéred at 4.37 ppm.

0. Bisulfite Treatment of Neopinone

:Nedpihoné was taken*thrbugh the usual bisulfite treatmeht,
usihg'pr7'bisu1fite, pH of thé'aqqeous soTUtion was adjdsted to
‘pH 8.6 using ice-cold sat. NaZCOZ solution or using a pH 9 borate
'buffer;73 The solution at pH 8.6 was then immediately extracted
with.chidroform to recover the neopinone. However, NMR of the pro-
ductﬁfhdiééted the presence of codeinone to the exfent of 10-15%
:(i;gg;xnot quite as much as was in the startihg material). Conver-
sion of this product to'6-methy1neopine (plus approximately 15% 6-
methyTéédeine, as Seen'by alumina TLC and by NMR) also confirmed
thatfcpdeinone Was'bresent in the nebpiqone'isolated from thg bisul-
J fite-pf§cedure. Codeinone present at the beginning of the_bisu]fite |
treatmgnt wou]dvnot have been released at pH-8.6.(this fact was
demonstrated earlier in this experiménté]-seétion); Therefore, the
only éource of the cbdeinohe'must have been the ﬁeopinone, some
_,pf_wﬁicﬂ became-1somerized_to codeinone during the pH adjustment

to pH 8.6.

P. Stability of Neopinone at pH 9
* Three 100 mg. samples. of neopinone were treated as follows:

each sample was dissolved in chloroform and then extfacted into a

70,78
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pH 2;5fphosphaté so]utfon._,The pH of thé(a@ueous:sojutibn'was theh___'
adju§tedifo ﬁH'9’Osihg l.M‘Na2C03;' Ohe sémb]e-was immediaté1y ex-
tractgd wfth ch]drofdrm{ - Another sampTe was a]]owéd'to'stand at
'room'témperature for one hour before chloroform extractidn.‘ The -
third éaijé stood’24.hours'before extraction. - NMR analysis showed:
a definite increase in tﬁe»amount of codeinone present after one -
.hour.’.Tﬁe:sp2ctrum~of thé’sample'iso]ated after 24 hours corres-
pondéd‘tdwthat of a dimer feported by Conroy,67 formed by neopinone

\

in basic solution (seefbe]ow);

Q. Néopinone‘Dimera(XXXII)

Tﬁé nédpinone dimer reported by'Conroy67 was prepared acéording.
to hié_method-by'dissolvfng 2 g. neopinone in 20 ml. benzéhe and
shakfhg'this_so]ution'for one hour in a flask flushed with nitrogen

_wfth5§ sd1ution of 1 g KOH in 15 ml water. The benzene layer was
.then‘remdvéd, énd the aqdeoué solution was extraéted twice more |
Withzbéniehe. The combinéd.okganié extracts were dried over sodium
: sulfate; filtered, and evaporated to dryness; The residue Was_dis-
: so]vedﬂinva small amount of Wérm:ethy] acetate, whekeupon crysta]s
. forméd aTmosf immediateiy. IR showed two‘éarbony]s, one at 1735 cm“]

and one at 1679 cm']

. Characteristic NMR absorpticns: aromatic
protons af.6.6 bpm,'thrée peaks; integrating for_2:1:1 protons
‘ broéd siﬁglét at 6.30 ppm, integrating for one proton;;astribed to
» thefS-H_of‘the dodeinOne:part‘qf the dimer; two sharp éihglets, one
proton'éach, at 4{63 and 4.57 ppm, ascribed.tO'the SB-H of the ;odéié'

_noné and the dihydrocodeinone parts of the dimer; a sharp singlet
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at 3.86 ppiM, integrating for 6 protons, ascribedjto the]3-OCH3,
gfoypevofxthe two parts.ef the dimer. - The samp]efdeCOmposed on
heating, end this may explain the difficulty in obtaining a mass
speetkym. Two: mass spectratwere taken, one of which gave a mass
peak at 592, endkthe other gave a mass peak at 593. The M of the

dimer is calculated to be 594,

R.. Stabi]ity of Neop1none in_the Poppy Nutrient So]ut1on

S1nce it had a]ready been demonstrated that neop1none was iso-
merized 1n bas1c-so]ut1on (pH Q& the behav1or of neopinone in
nutr1ent solution was checked before a feeding exper1ment was con-
ducted Four 100 mg samp]es were treated as fo]]ows | each was
d1sso1ved in a minimum amount of 0.1 M H3PO4, and then 100 ml.
Hoag]ahdfs nutr1eht solution was added. Samp]es were kept in
fﬁasks which Were,pertially*dafkened, but open to the air, for
Varyinétiehgths ofhtime (SQIOFminutes, one -hour, four hours, and
24'hoﬁr§)xv-At”the‘end of each time period the solution was made
ice- co]d and the pH was’ adJusted to pH 8. 6 using ice-cold sat. Na2C03.
The so1ut1on was then extracted with ch]proform,-dr1ed, and evaporateq
to dfyness. NMR ana]yéis of:the products from the four extractings
indieated_that'dufing.fbur hours:on]y as much as 5% more codeinone
v hadvbeeh formed by the heopfnone. In fact, mueh neopinone was still

present after 24 hours.

S Preparat1on of ]4C-Neqpinbne'

14

C- Neop1none was prepared accord1ng to the method of Conroy,67

14 14

starting with " "C-thebaine obtained from a biosynthesis in "'CO

20
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Theithebaine was. reacted with N-bromosuccinimide to form 14-bromo-
.codejnbne, which was then hydrogenated atslo psi:_H2 fdr;sfx hours
dissolved in"chloroform containing 10% methanol and mixed with 108
Pd)C. -"Detefminétiohvof purity was done b} ce]]h]ose TLC and by
NMR;hwhich indicated that the sample was approkfmate]y 15-20% codei-
’nbpe and 80-85% neopinone. fhe,epecific activity was 3,700_dpm/mg;
4 14

CANeopihonevand Comparative Feedings of C-Codeinone

T. Feeding of

Since the 14

C neopinone we had obta1ned conta1ned up to 20%
cadeinqﬁe, we decided to conduet three feed1ngs s1mu1taneous1y and
in parallel: (1) Approximately 100,000 dpm_neopinone’(&30 mg) was
fed:to;six 58-déy-olq plants, each plant weighihg 5g. (2) Fed‘30 mg..
14C-cbdeinone (nuc]earelabelled -- synthesized by G. B]aschkeég) to
;ix:plants; the_Same age and Weight'as above._‘(3) Fed 20% of 30 mg.--

'14C-codein0ne (nuclear labelled). This feeding was

1:5#, 6 mg of
von]y dbhe?to three-plants (same age and weight as above), so only
3 mg.were used. .

" Note: 'The'ab0ve'hqﬁbers‘arexvery'apprOXimate.»Exaet deiai]s will be

presented below.

1. Genera] Feed1ng Procedure

The p]ants had a]] been in hydropon1c so]ut1on for four days-
prior to the feeding experlment. On the day of the feed1ng,’they '
were fransferred individuallyito derkened‘zséml erlenmeyer f]esks.
The samp]e to be'fed (]4C-ne6pinone or ]4C—COdeinone) was dissolved
in 0.5 m. 0.1 M H PO4 and then in 12 ml nutr1ent (half these values'

for the third feed1ng descr1bed above). Two ml. were fed to each
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p]ant ATiquots were also taken for counting; Sﬁa]] amdunts of
nutr1enu were added to each flask over a per@od of four hours.
At_this:point, all of the nutrient was removed from the flasks and
the roots of each plant were washed with fresh‘nutrient.' The flasks
were then filled with fresh nutrient, and the plants were allowed
‘to grow until the next‘day; At this point the p]antsbwere'removed,
the roots washed with acid, and then the plants were frozen in

liquid nitrogen and worked up for analysis.

2 Ne;pinone Fegging
A total of 88, 800 dpm (24 mg) were fed to the six plants. Of

this,‘45,630 dpm were recovered in the nutrient and root washes (a
’ c0mb1ned't6tal, both after four hours and at the end of the experi-
ment). This méterial was shown on cellulose TLC to consist of
neopinoﬁe and codeinone. Activity incorpdrated into the plants was
43, ]70 dpm. The fo]]owing co]d'carriers'Were added during the work-
up#b morph1ne, code1ne, and neop1none. The hsua]_work-up procedure
was fo]]owed to isolate the non-phenolic and phenolic alkaloid
fra;thns. Purification of the mdrphine in the phenolic fraction
was doﬁe'using Subfimétion and prep.-TLC, using two different sol-
vent systems. The néh;pheno]ic fraction was placed on several
alumina fLC plates in order to convert the neopipone to codeinone.
The codeinoné was then isolated via the bisulfite procedure and was
subsequently converted to 6-methylcodeine, which was then purified
by sub]imation; prep.-TLC, and VPC. Thé codeine remaining in the
non-pheno]ic"fraétion after the removal of codeinone was pufified

by sublimation, prep.-TLC on silica gel and on alumina. The final
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resu]tsiane,présented»infTable lV;‘page 61.

é: Large Codeinone Feeding

A tota] of 240 ,000 dpm (32 ng were fed to the s1x p]ants The

recovery_frpm the nutrient and root washes;was_]O],QOO dpm, and
this Wasssnown by TLC to still be inithe:codeinone.‘.Therefbre, the
activity-incorporated into the plants was 138 OOO-dpm Morphine,
codelne, and codelnone were added as carriers in the work -up. The
usua] work -up. procedure was used to iso]ate the pheno]1c and non-
o pheno]1c alkaloid fractions, and.the_1nd1v1dual a]ka]o1ds of interest
' were_purified'to constant aefivity usfng sUb]%mation, prep.-TLC and

- VPC (if'necessany). ‘The final results are in Table IV.

-.4 Smal] Codexnone Feed1ng '

A tota] of 101 160 dpm (2.1 mg) was fed to the three plants.
The . recovehy from the nutr1ent and root washes was 28, 340 dpm, and
this was “shown by-TLC to be code1none; “The activity 1nc0rporated
‘intd>the'p1antsvwas 72,8207dpm;"Morphine,vCodeine, and codeinone
Werefadded as carriergvfn the‘work-up. Work-up and puriffcation of
each,of‘ine‘a]kalojds-were done'as usual. The final results are in

Table IV.

_ u. React1on of Methy]]ithwum w1th Non-pheno]1c 0p1um A]ka]o1ds -

Samp]es of ]4C 1abe11ed theba1ne code1none and code1ne were
'aSUbJected.to the s@me-react1on-condit1ons used to convert neopinone
- to 6-methylneopine. Codeine wasfrec0vered unchanged;‘COdeinone_was

converted to 6-methylcodeine, and thebaine was largely recovered

V;
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unchanged but several. other compounds were a]so ‘seen on a1um1na
TLC. Each alkaloid, after methy111th1um treatment was SUbJGCt’d
to the same a]um1na chromatography procedure»wh1ch would be used
to purify 6 methy]neop1ne “and the region on the p]ate which wou]d
correspond to 6- methy]neop1ne was e1uted and analyzed for any cmn-
| tam1nat1on-of rad1oact1v1ty from any of these other a]ka]onds.
Afterttwo prep alumina.TLC purifications'onefo 57 of the”starting
“activ1ty from: theba1ne {none in the:runs w1th code1none and cod°1ne)
-cou]d be detected in the reg1on correspond1ng to 6 methy]neop1ne

on. the p1ate

V. ,Search:for Neopinone in the.PoppyhP1ant
Ten poppy plants (60 days o]d we1gh1ng approx1mate1y 15 g
each).were grownvunder ‘steady. state conditions for two days while

‘being administered 100 mc '4

C02; Harvest was done after 48 hours in
the exposure chamber. The‘following co]daCarriers were added during
.work-Up- 50 mg. cOdeine, 58 mg. thebaine, and 300 mg. neopinone (con-
s1st1ng of 240 mg. neop1none and 60 mg. codeinone, as determined oy
NMR) After the usua] isolation of the non- pheno]1c fraction, this
ent1re fract1on was dissolved in to]uene and treated with methylli-
thium so]utTOn for half an hour at room temperature. Initial
'separation of the alkaloids was done by alumina TLC using the same
so]vent system as described in the preparation of 6-methylneopine.
‘Three’ bands were obtained: codeine, 6-methy1neopine, and 6-methyl-
: codeine”p]us thebaine (these latter two co-chromatographed on the

‘prep. plates although they can be separated with this solvent



§ystenion'tne “instant“ (Brinkmenn) enalytical;piates)-' The 6~
'methylneop1ne was re- chromatographed on the alum1na plates to
_ensure complete separat1on from 6- methylcode1ne and other compounds-
Thebaine and 6-methy1code1ne (produced from the codeinone in the
neopinone'added as carriers as.weli as extensive conversiOn:of neo-
_pinone to code1none dur1ng work -up from the plant mater1a1) were
separated from each other u51ng a so]vent system of benzene acetone-
chloroform (70:15: ]5) shaken with a solution of 3.5% NH4OH in water 85n
Each of the alka]o1ds was subsequently pur1f1ed to constant act1v1ty

hy using d1fferent kinds of AITLC .and silica gel TLC and sublimation.

'The final results. are presented in Table V page 61
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