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BIOSYNTHESIS OF MORPHINE

. Don Robert Bakér

Radiation Laboratory and Department of Chemistry
University of California, Berkeley 4, California

July:1959

I. MORPHINONE

Introduction

" . .
In 1952 Schopf1 reported that morphinone could possibly be the
precursor of the morphine type alkaloids found in the opium poppy, .

Papaver Somniferum. He postulated that methylation of the enol of mor-

phinone and the phenolic hydroxyl would lead to thebaine. Mofphinone
itself could be reduced to mbrphine, .whi'ch coﬁld then be methylated to
codeine. Also, neépine might be formed through isomerization of mor-
phinone's A Q-unsaturated ketone followed by reduction and mefhylation.
It has been 'shown‘z that silver carbonate oxidizes codeine to
codenone in relatively high yield. Thérefore, it is reasor;able 1;0 believe

that morphinone may be prepared by utilization of this oxidizing agent.

- .Since the phenolic hydroxyl gvroup in morphine would have to be protected



before it could be exposed to oxidation and, since it would be desirable
to have a mélecule as closely related to codeine as possible, methoxy-
methylmorphine was preparéd.

-Methoxymethylmorphine could then be oxidized by silver carbonate
to form methoxymethylmorphinone. Hydrolysis of the methoxymethylmor-
phinone would then lead to morphinoneov

Unforeseen complications arose in the final step. Therefore, a
seriés of various hydrolysis procedures and Yarious isolation procedures
-were investigated. Previous work in this labofatory describes unsuccess-
ful attempts to prepare morphinone by acid hydrolysis at elevated.'tempera—
tures using various concentratiogs of acetic acid as well >as equally un-
sucbessful attempts to piepare morphinone by the hydrolysis of methoxy-
methylmorphinone at room temperature using a one molar potéssium acid -
sulfate solution. . In the preéént work it was ,found.' that the instability
of morphinone in aqueous a.lkalilha.d been l’argely responsible for the diffi-

- culties encoﬁntered in the‘previOus ‘methods.

The  carbonyl gfoup of codeinone is ;rery unre;active to (‘}rigna_._rd
reé.geﬁts. However, treatment with }nethyl 1ithiurn3 gives a high _yield€
of one isomer of 6—ﬁ1et»hy1c6deineo , Sihce" morphine der’i.vatives havivng nuélear
substituted methyl g‘r'oups, i.e, ,‘ 5-nﬁethyldihydrofnorphinone, 4 have ’
beeﬁ found to have i‘hcr‘easebd analge sic. effect, the possiBility of i:repar- v,

ing 6-methylmorphine from methoxymethylmorphinone and methyl li-
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thium was investigated.
To complement this, the various acetyl derivatives of 6-methyl-

morphine were prepared.

. Discussion

Preparation of Methoxymethylmorphine

Methoxymethylmorphine was prepared by Mannich'55 procedure

) h‘ : . .
from sodium ;morf’ }-naté?nd chloromethyl ether in a chloroform solvent.

The sodium morphinate Was prepared fr(.)m'commercial morphine hydrate
(Mallinckroidt‘U.S,P. IX). ,Th;‘ee r.uns were necessary in the preparatiqn
of the sodium morphinate. The first run gave a very poor yield of a
light brown powder ahd was later reconverted back to morphine. The
last two runs went in good yield. The 'c_hloromethyl ether was prepared -

from methanol, forméldehyde, and hydrogen chloride according to the

method found in Organic Syntheses. 6 The amount of chloromethyl ether

in the preparation was determined first by hydrolysis of a small sample
and then titrating that solution with stanciard silver nitrate solution
to determine the chloride content.

The methoxymethylmorphine was prepared in two runs, giving
yields of 6v2. and 80% (baéed on the sédiﬁm morphinate cdnsﬁmed). No
difficuity was encountered in pfepéring a.crystalline product as was re-

ported by Mannich. 5




Preparation:of Methoxymethylmorphinone

Silver carbonate was prepared in 2 manner similar to that reported
for the oxidation of codeine. The product was stored in a vacuum desiccator over *
magnesium _per‘chiorate iﬁ the dark. Its activity was tested by oxidizing codeine
to codeinone. Methoxyxﬁethylfn’orphine was oxidized by silver carbonate to form
methoxymethylmorphinohe, ‘Pur.e methoxymethylmorphinoné was obtained by
removing all phenolic material using sodium hydroxide washes and then removing
the ketonic material from the unoxidized material with bisulfide extractions.

Saturated ketones are liberated by the addition of saturated potassium
carbonate solution (pH 10) and V_are then removed by benzene extractions. The
" bisulfite addition product of a saturated ketoﬁe is rapidly decomposed under
these conditions. The X, @-unsauturvat‘ed ketones are liberated under much more
basic conditions (pH 13, 5)."1

Methoxymethylmo_rphinone is released slowly from its bisulfite addition
pfoducta. Most of it is released in eight or ten hours. Methox ymethylmbrphinone

appears to be sensitive to heat, since the compound darkens considerably when

heated to 80°C in a vacuum for eight hours.

Preparation of Morphinone

1. Ion exchange methods. A model compound on which to test
hydrolysis conditions of methoxymethylmorphinone is m ethoxymethﬂ—
morphine, since it is readily hydrolyzed to morphine and has the same ) y

functional groups as methoxymethylmorphinone with the exception of theg, ﬁ-

unsaturated ketone at carbon 6. Since the hydrolysis is acid



catalyzed, and the compound contains a basic nitrogen atom, it seems

feasible that é’strong sulfonic acid resin could be used for the hydrolysis.

_ This could be followed by the addition of a basic solution for the elution

- of the alkaloid. The 'l'ibérated,‘formal‘dehy‘dé that is formed during

the hydrolysis could 'eésily be removed by passing distilled water
thro’ugh the column during the period of hydrolysis. This would re-

move all formaldehyde and the possibility of its further reaction.

. To fihd a resin, which would hold the alkaloid and from which the

t

alkaloid could be readily eluted, was the first problem.
" The first resin tried was Dowex 50 x 7.5 (20-50 mesh). It
was found that morphine was slowly eluted from the resin. Therefore,

a resin of a smaller percentage cross linkage was tried. ‘In this case,

Dowex 50 x 2 (200-400 mesh) was tried.. It was shown, with the use

of the Model 14. Cary Spectrophotometer, that a nearly quantitative.
elution of morphine was possible using this resin, |
v'Methoxymethy.lnrnorphiné was added to the column prepared
from Dowex 50 x 2 (200-400 mesh). Distilled water was allowed to flow
‘;hrough'the column for five hours. At the end of this time 1 N sodium
hydroxide was added to elute the hydrolyzed alkaloid. The first frac-
tions contained mainly morphiné. Later fractions indicated elution of

non-phenolic materials and suggested a method of separating the un-

"hydfolyzed material from the phenolic material. -



These conditions were applied to the hydrolysis of methoxy-
methylmorphinone. ‘The sodium hydroxide eluant ré.pid;y turned dark,
even while in an ice bath. Therefore‘, in later t_rials, the p.H' of the basic
eluant was adjus_tred to 8.-6_7 and extracted with e¢hloroform. Even under
th‘ese precautions only a very small amount of erude material was ob-
tained, Also under_ these eonditions the column tended to channelize
and was sluted very poorly. Since the strong base rapidly darkened,
more mild elution eonditions were tried on methoxymethylmorphine.

Therefore,“' iAn. £ria~l 3 methoxymethylmorphine was ac'l-éAleld to a
column containing Dowex 50 x 1 (SOAlOO.rﬁésh) .a‘nd was eluted With a
borate buffer of.pH 2.6, These results indicated almost cqmplete hy-
drolysis duri%g t;ﬁe five~hour reaction time as well as a’ goé)d elution.’
Similar conditions were ap.ﬁliavd tc the hydrolysis of methoxymethyl-
morphinone., A typical run is given in the experimental s_ezction. The
perchlorate was prepared and_its.ir;fra‘-red- spectrum shows t'i;le presence
of a phenélir; OH gféuﬁ {a medium band at 2.8 mic%ons&, an 4, ﬁ—‘un—
saturated ketone (very strong band at 5.98 microns), and a weak band‘
at 5.80 microns, which may be some saturated ketone impurity.

It seemed that the formation of the saturated ketone was
occubrring while the morphinone was in basic solq‘_cion,. The réfore,

elution from the resin was tried with a 10% solution of potassium chlor-

ide. 1In this methed the morphinone was eluted as the ammonium ion.



- Then the pH was adjusted and the morphinoné extracted from the aqueous

solution. In this case the time in basic solution could be reduced to a

minimum. But still a very small amount of impurities were indicated

by the infra red spectrum.

2. . Acid hydrolysis methods. Previous methods using ion

exchange resins indicated that the decomposition of morphinone was due
to the basicity of the eluant, and not to reaction with liberated formalde-

hyde. Therefore, as a trial, methoxymethylmorphinone was. hydrplyzed:

/

-inil Nhydrochloric acid instead 'of .on the ion exchange column.

The perchlor.ate was prepé.red and shéwed a éimilér' spectrum
when compared to morphinone perchlorate. The ultraviolet spectrum was
also similar to morphinone. Analysis and :melting point on recrystallized
material, however, indicated some uUnusual bebhavior that might be accounted
for by the addition of formaldehydé 'to fnoiphinone, or by hydration. Since

phenols andd, B-unsaturated ketones are known to react with formaldehyde,

.morphine was chosen as a model upon which to examine the reaction of

formaldehyde upon phenols, These reactions will be discussed. later. In
summeary, howevver,r, the conc.lusion.was' reached that fofméldehyde did not
react with the phenol under conditions similar to thos.e. encountered in the
hydrolysis.

Mor._phinone wés finally _px;.éparé.d free of the saturafed kétone

/

by removal of the free base from the aqueous solution.as soon as the free



base was formed. This was accomplished by thoroughly mixing the cold
-aqueous solutib.n with chloroform while the pH of the solution was being

.adjusted to the isoelectric point.

Reaction of Morphinone with Sodium Borohydride

As a meané 6f structtre p‘ro-‘of, a sarhple of morphinone was re-
ducea to morphine ;with sodium boerhydxv'ide'° This indicated tfle position
of the double bond in movrphinorﬁ1e aﬁd the nucie'ar skeleton.

. Morphinone, with a ‘srriali arﬁoﬁnt of safurated ketone impurity,
was reduced with s'odium borohydride to morphine (80% yielci)o Melting
point, mixed.melting point, infrared and ultraviolet spectra were iden-
tical with _rnorphine‘,

: After the inorph_ine had been removed from the reé.cfion solu-
tion, a small amount of avn,imp.urity w'as indicavt_e‘dbby the. ul£raviolet spec-
trum of thé extracted mother 'lic'luorso It was thdught thé.t t};xis small
amount of material still léft in the mothér liqﬁors could have arisen
from the revductionvof the saturated ketone im_purity:foun(.i in the original
mdrphinone._ For this feasoh some neomoriph‘ine was‘ ‘pre.3p>ared using the
procedure of Small. 7 The ult”ra’violet spectra of'-neomorphine and di-
’hydvror'no.rphine in base were corripavi'.ed with that of the ultf:ivioiet
spectrum of the extracted mother liquors.. The specti'a are quite differ-

ent. ¥4
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Later experimental work indicated that the impurity found in the
extracted mother liquors was actually a product of the decompositién of

morphine. Morphine when-heated in a basic solution présurnably oxidizes

to form a small amount of material which has a spectrum identical with

~that found in the .extracted mother liquors of the sodium borohydride re-

duction.

Morphinone was again reduced with sodium borohydride under

- conditions which did not expose morphine to basic oxidation. In this case

no impurity could be found in the extracted mother liquors as had been

found in the previdus trial,

Hydrogenation of Morphinone

‘Reported as 266-267°C,

The position of the double bond in morphi‘nohe is shown by
morphinone's reduction to morphine. A further check on the position
of the ketone is indicated by catalytic hydrogénation of the double bond
of morphinone to form dihydromorphinohe_.‘.Cry.stals of dihydromor-
phinone were isolated from the hydrogenation‘ and found to have an iden-
tica@l infrared spectrﬁm when compared with an authentic sample of di-

hydromorphinone. After sublimation it had a melting point of 256-258°C.
. ,

Reaction of Diazomethane and Morphinone

Several reactions with diazomethane and morphinone were tried.

The first methods tried involved using N‘--nitr'osornethylurea9 for the pre-
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par.ation of the diazomethane and in éach case no codeinone could be pre-
pared. Oh‘ly an:or‘ange oil, that darkened o#,staﬁding,' could be isolated
in each case, no matter what method was used in the isolation of the pro-
duct. Typical procédur‘es are given in the experimental section.

It was thought Ithatﬂ some base pos_.sil.aly“ had reacted with the
morphinone in the previous trials, so another method of pr'.eparing

: . 10
diazomethane was tried. The method was that of Organic Syntheses  in-

volving distillation of the diazomethane. This proéédure removed all
pbssibilify of base being present in the diazomethane solution. Again,
as in the pre.vious procedure, only an oil could be isolated; This would
tend to indicate that reaction wé.s also taking place at the ketone group.

,‘ The same reaction_conditioris‘ were tested on morphinone,
codeinone, and morphine, In,the_. case of'morphine, codeine was pro-
duced, but in the case of codeinone and rhorphinone only a dark oil was
isolated. This would further indicate that reaction was also taking place
at the ketone group, possibly to form a pyrazoline as has been noticed
by others. 1 Even by shortening the"v‘reacti'on time to five minutes,>

a mixture of the phenol and a dark oil were produced.

Reactions with Morphine, Formaldehyde.and Base

Since phenols and A (”—unsaturated ketones are known to react

with formaldehyde, morphine was chosen as a model upon which to ex-
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oxidation product is involved. The method of Fultonlz‘ and Balls

11

amine the reaction of formaldehyde upon phenols.
Morphine did not react,w_ith formaldehyde in a pH 10 buffer.
However, it was found that morphine, when heated with aqueous base

(pH 10), evidently oxidizes to some extent and forms a soluble material

“that is left in the aqueous mother liquors after the morphine has been

removed. This material has the same spectrum as that found in the
: .

extracted mother liquors of the sodium borohydride reduction of mor-
phinone.

. Pseudomorphine, ‘an oxidation product of morphine, was pre-
pared 50 as to éorhpafe its ultraviolet spectrum with that of the extracted

mother liquors. The spectra are very different; evidently some other

13

was used in the preparation of pseudomorphine.

Preparation of 6-Methylmorphine and 6-Methylcodeine

6-Methylmorphine was easily prepared from methoxymethyl-
nnorphino_ne° Methoxymethylmorphinone was found not sufficiently soluble
in ether to allow its addition as an ether solution, so it was added as a
solid to the ether solufion of thé_: methyl lithiim. The methyl lithium was
prepared so as to be free of methyl iodide, which could react with the
tertiary nitrogen.

The easiest way to prepare the methyl lithium free of methyl

iodide is to prepare the methyl lithium in high yield from thé methyl
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iodide, thus leaving no methyl iodide in the solution. It should be noted
" that the methyl lithium c’oncent"ra'tionbsho'uld not be greater than one |
molar concentration diirihg its preparatioh, since coupling takes place
as a side r'eaction, and the percent yield 1s lowered.

The 6;rri'ethy1Q3-methoXy1hethy1mbi'phiné was not isolated but
}‘1yldrolyzéd‘ to 6-methylmorphine. The hydfolysis was accomplished by
allowing the 6-methyl—3-'rneﬁao;xylrnetl‘xylm'orphine to stand in 1 N hydro-

chlioric acid for five hours,

V 6-Methylcodeiné, a known compound, 14 was prepared as a -
derivative of 6-methylmorphine by reaction with diazomethane.
6-Meth;‘rldihydromo‘rphine was prepared by hydrogenation with

platinum oxide catalyst';15

Acetyl Derivatives of 6-Methylmorphine
Treatment of 6-methylmorphine with sodium hyd'i'oxide solution,
aceticﬁ .anhy'dridé, and'chioroform readily gave the 3-acetyl-6-methyl-
morphine . The rate of hydrolysis .of the acetic anhyd“ride is slow compared
with its reaction with the phenéiaté_: ion. :
: Treatment of the 6-'methy1morphine with methyl lithium and

16 £5r the preparation

~acetic anhyd,fide after the general method of Houben
of acetyl derivatives of tertiary alcohols failed to yield the diacetyl de-

rivative. Refluxing 6-methylmorphine with acetic anhydride and pyridine

also failed to yield the diacetyl compound.
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13
The 6-acetyl compound was prepared from methoxymethylmor-
phinone by treating it with methyl lithium, followed by acetic anhydride and -

selective hydrolysis. The 6-acetyl-6-methyl-3-methoxymethylmorphine

‘was not isolated but hydrolyzed to 6-—acﬂet}‘rl4‘6-methylmorphine. The hy-

drolysis was accomplished by.refluxing the 6-acetyl-6-methyl-3-methoxy-
me'thylmorphine in a pH 3.0 buffer f’cilx_' six hours. The rate of hydrolysis
was followed b}; observing the ultréviolet spectra of thé hydrolysis solu-
tion in base. Since phenols show a bathochromic shift in base, the rate
of production of the phenol is eésil‘y' followed.

. The diacetyl compound could now be prepared from the 6-acetyl
derivative by refluxing with acetic anhydride and pyridine. The-méthod

of preparing the 3-acetyl derivative was tried on 6-acetyl-6-methylmorphine

.in an attempt to prepare the diacetyl compound, but only starting material

~and a light oil were obtained. Possibly the phenol is sormewhat hindered

by the 6—acefy1 group.

The hydrolysis rates of the phenolic acetyl group can easily be
followed by the appearance of phenolate ion absorption in the ultraviolet |
(300 mu). . An accurately weighed sample of about 1.0 mg.was ldissolved
in 10 ml. of 9_5%‘ ethanol and to this was added a small amount of 1 N
_sc.)‘dium hydroxide

“ A - to make a solution of 0,01 N base. The results are tabulated as

follows:
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.»Co‘mpomlld R Weight | T1me vfor Hal Reaction
mg - seconds
3, 6—dia¢ety1mor_p_hine . 0.952 | 100
3, 6-diacetyl-6-methylmorphine - 1.403 ' B 120
3-acetyl -6 -n—r1e thy;lmo-rphine . 1.010 ‘ . : 40

This would tend to indicate that the phenolic acetyl is somewhat hindered

by the 6-acetyl group. :

.Attémpted Preparation of Thebaine from Codeinone

The method of preparing dihydrothebaine from dihydrocodei-
1 : : _
none 7 was used in the hope that thebaine could be prepared from co-
~ deinone.
- As soon as the methyl sulfate was added to the codeinone
solution, an _‘immediate dark coloration took place. Isolation of the pro-
. O lly : ) ‘
duct produced only a dark materlal that was/% ightly soluble in benzene.

or chloroform. No attempt was made to recover any unreacted codei-

‘none.,
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. Experimental )

All melting points are corrected and-those above 200°C were
taken in evacuated capillaries; microanalyses were performed in the

Microchemical Laboratory, University of. Cali'for'nia. ‘

Prepafation of Sodium Morphinaté

A62.0¢g port.ion of fnorphiné hydra‘t-é (0. 205 molés) was added
to a solutioﬂ prepared by reécting 5.,2‘7 g ;)f sodium. (‘0, 229 rholés) with
a rn'ixture of 93 g (115 ml) éf 95%> ethanol and 57. 3>m1 of wattverva The mix-
ture was shaken for some time sihce' the last poftion 6f morp};ine went
into the solution with s;ome éiifficul.t_;y. Eﬁowly 250 rni of ethervwas added to

precipitate the sodium morphinate. The mixture was allowed to stand

for one hour and was then filtered and washed with ether. The precipi-

tate was redissolved in 500 ml of ethanoi and reprecipitated with 1500 ml.

of ether. The light tan precipitate was filtered and dried in a vacuum at
room temperature for eight hours. It yielded 69.1 grams of sodium

morphinate - CHOH (96% yield).

Preparation of Chloromethyl Ether
The purity of the -forrr.laldehyde solution was determined after the
proéedure by Walker. 18 The determination indfcated a 36, 2% solution of

formaldehyde .
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A lbz.g (96 ml) poftion_ of 36. 2%_f.oa'maldehyde.solution (1.23
moles), containing a}épr'ox‘imaltely-IZ%-methy_l alcohol (0.38 moles)
- as a preservative was added to 35.'g3(4‘,3;8 rrd) of methyl alcohol
{109 moles) iﬁ,a 3-00 ml, thfee ;neeked,. pe.ar-s.hape,df_lasvk'. The flask .
was fitted with a. gas“bubbl'ei- and a reflux :c'ondeﬁ-sef; The flask was
cooled with a stream .of ‘runnivng water. |

Hy‘drogenv chl_oride v}as bubbledfthrough_'t.he sol,utioa. for one

hour and thirty minutes s at which time: ,anotvher -l‘aye_r' began to .form.
. Hydrogen chloride w_a"é bubbled. into the selution fe.r an additional‘hour
-and forty minutes. .T’he iayer.s wez;e‘_sepapated and. the ether layer
; Was_dried. with.calcium c.hlorid‘e.- . C_al'cium chloride (anhydrous) was
added tbo ‘the cooled aqﬁeeus solufion-;. The re sultmg ether layer.
light yellow in color, was decanted from the mixture and added to
the previous ether ffaction._, The-combined‘ ether layere were fraction-
ated _and 55.3 g of a.clear solution were collected. . A few mls of a
lower-taiOii'ing fd:ac?‘.ion_ were collecte.d.a'n,d dlis\ca.rded«.v About 10 ml

Ry

of brown liquid remaind in the distilling flask. .

. Determmatmn of Chloromethyl Ether

A sample of approx1mae1y 0.5 g of chloromethyl ether was
accurately we1ghed placed in a 100 ml volumetrlc flask, and diluted to
a volume of 100 ml with,distill_ed water. Two one-ml aliquots were taken &

.and titrated to determine their chlorine content.
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This; was done by adding, to each sample, 10 ml water, 5 ml
acetone, 3 drops dichlorofluoresein indicator, and just enough sodium
acetate to turn the solution green. . The resulting solution wa.é then titra-
ted to the pink ‘end point with standardized 0.01 M silver nitrate solu-
tion. Calculation indicated that the chloromethyl ether so_hition was
93.3% chloromethyl .ether., This would indicate a 52% yield in the pre-

paration of chloromethyl ether..

Preparation of Methpxymethy}.morphine

A 58.9 g portion of dried sodium morphinate * C2H5OH

(0.167 mdlef':_) and 240 ml of dry chloroform was added to a three-

. necked 500 ml flask equipped with a stirrer, reflux condenser, nitrogen

‘line and dropping funnel. With stirring and cooling, 14.5 g (13.9 ml)

of 93, 3% chloromethyl ether solution (0.167 mole ;) in 27 ml of dry

.chloroform was added to the mixture. - Addition was.cornplete after

40 minutes. The mixture was then stirred for an additional hcur at

room temperature.
The mixture was filtered and the insoluble portion was dis-
_ . hydrochloric acid
solved in 1 N '/, The pH of the acid solution was adjusted to 8,67 and
1.9 g of dried morphine were recovered..The filtrate was washed with
twenty.50 ml p'ortions. of 1 N sodium hydroxide. The last five:washings
gave a negative Mayer reagent test, These sodium hydroxide washings

were adjusted to pH of 8,67 and 5.1 g of recovered morphine . was ob-

tained.
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The chloroform solution was dried for thirty minutes over mag-
nesiunt sulfate and filtered.  The filtered solution was then evaporated,
under reduced pressure, ‘to a thick paste and then seeded with two grains i
of a previously prepared‘s.arnple, This was all.owed'rto stand overnight in -
order to evaporate to dxfyne_ss., The r'nethoxy'me‘thy;lmo.rphine -was then
driedv‘in_a ';racuum, .at_room temperature for eight hours and stored over
magnesiuin perchlorate. Yield: 37.5 g m.p. 92-94°C (80%)° vReportedS:

m.p. 94-96°C,

Preparation of Silver Carbonate

A 447 g portion of silver nitrate (2.63 fnoleé) was dissolved
in 4, 5‘00le of water in a 10 liter. battery jar. To this was added, with
stirring, 239 g of sodium bicarbonate (2.85 moles) dissolved in 2, 200 ml
“of water., The aqueous solution was decanted from the yellow precipitate
and the precipitate divide‘d\-into two equal parts.. EAach was placed in
a2 liter, glé.ss stoppefed shaking graduate. Each part was then
washed with ten .1, 200 ml portions of distilled. water., The precipitates
were then washed with‘five- 1,400 ml portions of methanol. The silver
carbonate was tranéferred into a Bﬁchner funnel and washed with 1, 500 ml
of ether. The ether was removed by drying the silver carbonate ina -
vacuum oven at room tempefature .overnigh’e and then storing it in a
4

black evacuated desiccator over magnesium perchlorate. Yield: 343 g

(95%) .
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Oxidation of Codeine to Codeinone

.

A 125 ml portion of benzene was added to a 500 ml three-necked
flask fitted with a solvent stri‘pper", reflux cond\en's'er, bah'd stirrer.

To this was added 6.0 g of codeine (0. 05 mole, Mallinckrodt) and 25 ml
of b‘enzene was stripped off. The solution was ’allo&yed to cool and 27.5 g
of green silve;' carbonate (0.1 mole) was. added,

The mixture was stirred rapidly while refluxing for one hour
and 10‘ ml of benzene stripped off.The mixture. turned blaék. almost imme-
diately upon the addition of the silver ca'r.bonateq The mixture was filter-
ed,l while hot, through a sintered glass funnel, but a large amount of black
material passed through. The resuiting mixtﬁre was reheated and filtered
through super'cel., The black material was digested with two SQ ml por-'

' tions of benzene and then passed through the super cel while still hot.

| ‘The solution was evaporated iﬁ vacuurﬁ until crystals started
to form. The flask was placed on a steam bath. More benzene was
evapOrate.d' off with the use of nitrogen until crystals again just began
to form. The solution was cooled and the crystals centrifuged off and
dried in a vacuum oven at room temperature. The benzene. solution was
further concentrated, and a second crop of crystals harvested. The
first crop yielded 3.1 g of crude codeinone (m.p. 1'68—1700C). The
second cfop yielded 1.4‘g'(m.p, 159—1620C). ‘These had a ¢haracteristic

red melt,
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Preparation of Methoxymethylmorphinone

,A 16.45 g portion éf methoxym ethylmbrphine (0.05 mole)
was dissolved“in 330 ml of benzene in a three-necked one -lité; flask
equipped with ‘s.'.tirrer, ‘nitrogen a.‘t'mo.sp—her'e,v‘ énd solx./_‘ent stripper with
reflux. cor-lden,ser.' |

A 38 ml portion _ofbenzer,‘;e wasv distilled off and the solution
cooled to allow the addition, with stirring; of 69 g :of green silver .cizar-
bonaté (0.25 mole). The mixture was heated to reflﬁx, Whereupon the
silver carbépate turned Blaék..

~ After one hour of refluxing, during which time 20 ml of -ten-~
zene was str.ipped fro'm thp reaction, the mixture was again cooled, and

.an addifional 69 g of silver carbonate added. The mi’xtufe was again
heated to reflux for an additionai hour, then filtered while hot through
super cel. Most of the precipitate was returned to the flask and digested
three times with 70 ml portions of bervlzeneo‘ Thg combined benzene solu-
tions were then,evapbrated in.a vacuum with the aid of nitrogen to
approximately 200 ml.

- The combined benzene solutions (orange in color) were cooled
and washed twice with 100 ml pox;tions of 1 N sodium hydroxide. The
reddish basic washes were washed three times with 25 ml portions
of benzene. The pH of the rBa'sic washes was adjusted to ‘8, 67 and the

solution heated on a steam bath in order to remove the excess benzene.

a
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The precipitated maferial turned black and was filtered off and dried to
yield 0.5 g of black powder,

| The combined benzer;e solutions were washed with 20 m1l of
water. The benzene solution was extracted {&ith four 110 ml portions

" of buffered bisulfite solution. This solution is made by dissolving
11.4 g of NaHSO3 in 110 ml of water and ,mixing.this with a solution
made by dissolving 41.6 g of Na,50; in water to form 330 ml of solu-
tion. This 440 ml of bufferéd solution had a pH of 7.00.  Following

fhe bvisulfite extraction, the benzene solufion was washed with a small
amount of water, dried over magnesiumvSulfate_, filtered, and eva-
porated in vacuum to yield 4.95 g of recovered crude yellow methoxy-
ﬁlethylmorphiné, . The light yellow bisulfite extract was made basic
(pH 10.0) with concentrated pofassium carbonate solution and ex.tra.c_ts
were washed with a small amount of water, dried over magnesium sul-
fate, filtered and evaporated in vacuum to yield 1.12 g of recovered:
light yellow mﬁthoxyniéathjlnidr}phine.f‘ " (Total recovery of methoxy-
rr:;e’chylrnorphinep 3'}%).

. The bisulfite extracts were made basic by the addition of 15 ml
of 15 N sodium hydroxide. To this was added 500 ml df'chlproforrn, and
the mixture was placed on the shaker. Four two-hour chloroform frac-
tions were taken, and each time 500 rhl of fresh chloroform ‘was. added

to the basic bisulfite solution,. after which the mixture was put back on the



22

shaker. These chloroform fractions were washed with a small amount
of water,' dried over magnesium sulfate, filtered, and evaporated to dry-
ness. The chloroform from the first two-hour period yielded 2.:.; 50 g of
methoxymethylmorphinone (m.p. 124-125°C), 1.33 g (m.p. 123-124°C)

- from the second, 0.82 g (m.p. 123-125°C) from the third, and 0.52 g from |
the fourth fraction', “Fraction five, taken over a period of-twelve hours,
and fraction six, taken over the next succeeding ten-hour period, yield -
ed 0,92 g of material (m.p. 118'—l209C for fractions four, fivé and six).
Total yield: 6.19 g, 38%.  Decomposition takes place on .melting.

An analytical sample was prepared by recrystallizing from

‘benzene-hexane three times vand,drying in vacuum overnight at 80°C

(H.N.R.)
' T O . - , . ‘
Anal. Calc'd for C19H21NO4° C, 69.70; H, 6.47
Found: C, 69.73; H, 6.43
[AJ%> . -176°(c. 0.982, 95%

ethanol)

(o]
m.p. 125.6-129.8 C

Reduction of Methoxymethylmorphinone to Methoxymethylmorphine

Runl (H.N.R.)
A 0,12 g sample of methoxymethylmorphinone (0,367 mmole)
was dissolved in 6 ml of methanol. To this solution was added a suspen-

sion of 0,28 g of sodium borohydride (7.34 mmoles) in 6 ml of methanol
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and the mixture allowed to stand at room femperature for one and one-
half hours. It was then concentrated to half its volume and 5 ml of 10 %

sodium hydrbxide ~was: added. - After heafing to boiling, the mixture was

diluted with an equal volume of water, cooled,; and extracted four times with

-equal volumes of chloroform. The combined chloroform solutions were wash-

ed with a quarter volume of water, _dried Qvel‘frnagnesium sulfate, filtered,
and evaporated to dr.yr;ess;v thé resulting 0.08 g of yellowish glass be-
came a white s.olid when seeded with rnethoxy~me’chy-lmorphine° After
drying, this solid had m.p. 93-95°C, but a 50:50 mixture of it with

known 'me.thoxymethylmorphine had.a m.p.. 90-94°C, | while a 50:50
mixture with methoxymethylmorphinone had a m.p. 89-95°C.

Run 2 (H.N.R.)

Run 2 was carried out like Run 1 but on a larger scale (in
8

order to have better purification), using 0,205/of methoxymethylmor-

phinone (0.626 mmole). A glass which solidified with seeding with.

methoxymethylmorphine and weighed 0. 16 g .wlas obtained. This white

solid was dissolved in 10 ml of benzen:e and extracted three times with

equal volumes of a mixture cdnsisting of one part”of 1 N sodium bisul-

fite solution ai;d three parts of 1 N sodium sulfite solu1-:ionv, : The combined
water solutims were mévde basic by the addition of saturated potassium car-
bonate solution and then washed three times with equal volumes of benzene.

These benzene washes were combined with the original benzene solution,
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washed with a quart;er yolufne of water, dried over magnesium sulfate,
~ filtered and evaborated to dryneés;_ The glass formed was evasily soli~
dified (by scratching) to 0.10 g of white solid m.p.. 94-96909‘ Two 50:50
mixtures of fhi-s solid, with known methoxy;néthylmorphiné,_ had m.p. of

93-95°C and 94-95°C.

- Adsorption of Morphine on Dowex 50 x. 7,5 (20-50 mesh).

A50¢g portion_of.Dowex 50 x 7.5 (20-50 mevsh), “about 6.5 ml,
was added to a 10 ml bvu'ret'.,. About 1'.,'000 ml of distilled water v;/as passed
th?ough this ion exchange column. A chéck of the last water pas sed through
the column showed no ultraviolet absorption (_/\,» 250-310 mp).

. Next, 104 mg of mo‘rphine hydrate was‘dissolved in 10 ml of
1 N-hydrochloric acid. which was theﬁ_ added to the column.,,*Foll.owing
the morphine solutionn, 40 ml of &istﬂled water was added. The first
50 ml of solution passed through the column: and collected after thirty
minutes showed ho ultraviolet absorption.

A solution of 1 N sodium hydr.ox'id"e was then added to the
~ column and fractions taken every 15 mls. Each fraction was acidified
_ with a.small amount of concentrated hydrochloric acid; v ‘Ultraviolet
abs\or_ption,was run on each of thé fractions.. The results are as

follows:
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Fraction Minutés of M1 of soln,after - Mg of morphine

flow acidification : (hydrate)

1 5 1_6,‘1 o . 0.8

2 .5 ' 16.2 27.2

3 6 15.4 | 7.9

4 ,_ 7 15.8 7.6

5 | 8 17.0° - 7.5

6 , 10 | 16.0 7T

The amount of morphine has been calculated from the acidi-

fied fraction's ultraviolet absorption as compared to that of morphine,

1 N HC1
/\ =

| 286 my,€ =1515.
max _

Adsorpti;)n of Morphine on Dowex 50 x 2 (200-400 mesh)

-7 The ion exchange column was prepared in a similar fashion as
the above but instead .5° 0 g of Dowex 50 x 2.(200—400 mesh) {(about 3 cm of
resiﬁ ina 1.75 cm diameter coliumn) was used since the rate of flow is
much slower. | |

A solution o’f 136. 6 mg of mo?phi-ne hydrate dissolved in 10 ml

of 1 N hydrochloric acid was adaed to t}}e. colum\n.v This _solutioh
was followed by 50 ml of distilled Qater which, after passing through

the column, showed no ultraviolet absorption.
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A solution of 1 N sodium hydroxide was now added to the column.
Four fra’.ctions'were co'llecte.d and each was‘,-_acidi‘fied with.a small amount
of conc. hydrochlér-ic acid., The ultraviolet absorption spectra were run

on each of the acidified fractions. ‘ v

Fraction Ml of soln after Color Percent of ori-
acidification ‘ ginal morphine
1 22,6 Lt. brown" 91.5
2 16.0 Clear | 6.4
3 " 38.5 Clear 2.5
4 | 31.0 Clear 0.65
101.0

* The color was latér shbavn to be due to coloring matter
found in the sand used in preparing the column.

Tweﬁty ml of ffa'ction one “was: adjusted to a pH of 8,67 using a
pH meter. The mixture was cool éd in th_e ,_re'frigeratbr and then ceﬁtfi-
fuged. . A small dark layer was removed éﬁd the cr&rs'tals_ were washed
three times with 5 ml por’tiozis of cold water. The crystals were then
dried in a vacuum oven for four hqur§ at 80°C. . The crystals vshowed a
m.p. of 249. 5°C, with dééomposifion étértiﬁg at 244°C. The yield was

82 mg of dried white crystals.

Hydrolysis of Methoxymethylmorphine

Trial 1: The ion exchénge. column containing 5.0 g of Dowex 50 x 2

(200-400 mesh) was prepared as in the above case.
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_ A solution of 93.2 mg of methoxymethylmorphine dissolved in

4 ml of 0.1 N hydrochloric acid was diluted to 40 ml with water. This

' solution was passed through the column followed by distilled water. The

first 50 ml of sol‘ution were collected after_.15 minutes (With thé aid of
one or two lbs of nitrogen pressure). The solution showed ‘no ultra-
violet absorption spectrum,

_ A total volume of 400 ml of distilled water was passed th_rbugh
the column over a period of five hours. This solution showed no ultra-

violet absorption. '

. A solution of 1 N sodium hydroxide was then added to the column

~and six fractions of 15 ml were taken.. Each fraction was first acidified

with conc. hydrochloric acid and then the ultraviolet $p_ectrum ran on
the acidified solution. FEach was then basified .‘ with 1 N sodium hydrox-
ide and again the ultraviolet s_p.)ectrum' of each fraction was run. The first
six fractions were collected within 20 n.ninu'tes-after the addition of the
sodium hydroxide solution. |
The first fraction (yellow in color) when in basic solution showed

NaOH

ad_ 2

< 298_mMA 1\251}{279 rn,u - The minimum has a greater optical

density than pure morphine in basic-solution. Using the optical density

at 298 my and €2490, 35.8 mg of morphine ‘Was. in this fraction.

In acidic solution this fraction showed 35.4 mg of morphine to-

‘be present using the valﬁe of the optical density atA Sg; 286 mp and

& =1515.
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' The second fraction (slightly yellow in color) when in basic solu-

NaOH /\ NaOH

< 298 mM; n 27? mpM. . The minimum also had a

tion showed >\
, , ma

gréater absorption than that of pure morphine., Using fhé same calvculationd )
as in the .first fraction, the basic solution indicated 21.0 mg of morphine “
present in the fraction while the acidic solution indicated 19.8 mg of
morphine in the f‘.raction° _ |

The third fraction in basig solution indicated ‘6n1y.a slight hump

NaOH | NaOH , .
at 298 m y and a/\ max 284 m/Aand A 276 m/M This trend con-

min
tinued in later fractions until the last fraction (number 7, comprising
.NaOH

283 myy

100 ml of basic eluant collected after one hour) showed a A max

and \ 1:12}1 261 my.
Trial 2: The ion exchange column containing 5.0 g of Dowe x
50 x 2 (200—400 mééh) was prepared as inAprev.iOusv runs.
A 101 .5mg ’p;)rtion of methoxymethylmorl:;hiné was dissolved
in4ml of 0.1 N hydrochlo;'ic acid and diluted to 50 ml w'.ith water,
. This solution was passed £hroﬁgh the éolumn followed bjr distilled
water. Water was passed through the column for 5 5 hours with a
total volume of solution of ai)out 200 ml.
A solution of 1 N sodium hydroxide Waé then added to the column
and two fractions taken. The first fraction of 30 ml was.colle‘cted after ¥

three minutes (with the use of nitrogen pressure). The second fraction

of 50 ml was collected after five mi‘hutes, . Chloroform was added to the



column a‘ft.er the sodium hydroxide and a‘frv'action of  1.00 ¥n1- lwas.- col-
lected,- The chloroform was ‘us._e'd t?) elute thé urihydr.c')lyzed material.,
This‘chl.lor-lof-oi'm solut-i.on-‘v_x;as-'éx‘;cvrav'cte.d. two ti.r'ne‘s‘ with 25 ml portions
of 1 1}1_ éodium hydroxide, -

| - The fifst sodium hydfoxide‘ f,ractioz}_ Syas then extracted four
times with approximately 1;0..rn‘1. portions of chloroform (36 ml of éhloro-
form, total Qo’lurne.).. T,hé ‘secv;'.ohd fraction4wa-.s vextractv.ed three times
with,approxima_tely 1.0 ml povr:‘.ciops of chloroform (28 ml of chloro.-
form, total yolume). ‘Th.e_ u‘lti'.aviolet .absbrptni‘on spectra wére run on’
these chloroform extracts. |

. Part of each extracted basic fraction was saved and the ultra-

- violet absorption taken. The remainder of each frac.tionvwas.acidified,
and its ultraviolet absof__ption was taken also. The rerﬁaindér o.fj each
acidified fraction was 'then_a_djustefi to a pH of 8. 67. A brown préci—
p‘itatev formed in the first fra_c-.tiOn- and wé.s centrifuged off. .The frac-
tion was cooled and. allowed to stand overnight in an ice bath. The
crystg.ls of morphine that formed were centrifuged off and washed
three times with 5 ml portions of water. Next the. crystals‘:were
dried in a vacuum oven at 80°C vfor five.v hours. :They- yielded 39.1 mg
of crude morphine, m.p. ,‘2.42—24500 with de‘compositior_;. (It began
to darken ét 2.28“OC.)

The ultraviolet absorpti_on. is summarized in the following table:
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Fraction Extraction Solution _A{quAeous Solution after Extraction
A CECs yiaa A M viag AT viel,
max mg - max mg Max  mg
. 1 ‘ Z‘Sf;:m/m - 0.75 ) ‘.-29_8 m/Av79_,_4'_ 286m/u| 77.0
2 ' 285 m/A 6.9 - 298 mp 2;5 - 284 my/ 491
3% 284 my, 14,2 > |

>kan Fraction 3, the»chloro'forrn fraction, the x:ralues‘ given are fqr the
fraction itself; no material was indicated in the sodium hydroxide
‘washes of this fraction. '

The yields of the extraction solutions are calculated on the basis
that the chloroform extract consisted of methoxymethylmorphine,
>\.CHC13 g5 o /\’ CH(_3136 . o 4
‘ Max 2 m/,g,e-; 1320 min 263.5 m M. The yields indicated in
acid solution and basic solution columns were based on the ultraviolet
absorptidn extinction coefficients ip.éach of th_e_ se so_l.utions-°

- Trial 3: A 101.5 mg portion of methoxymethylmorphine
(0.308 mmole) was dissolved in 5,0 m1 of 0.1 N hydrochloric acid
and diluted to 50 ml.

An ion eXchangé column (i‘v‘.d° 17 mm) was prepared, using
10.0 g of Dowex 50 x 1 (50-100 mesh). The resin had been alternately
washed with 1 N sodium hydroxide and 1 N hydrochloric acid and con-
verted to the H form. - This was then washed with.a large amount of
water. .

The above alkaloid solution was added to the column, and 820 ml

of distilled water were passed through the column during the next five
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hours.. A buffer solution of pH 9.6 (0.5 M H3BO3, 0.5M KCl, 320 ml

of 1 N NaOH per liter) was added to the column and three fractions were

collected.

Then 100 ml of chloroform was passed through the column.

The chloroform fraction was washed with 25’rn1 1 N sodium hydroxide.

The ultraviolet spectrum of the chloroform solution showed a shoulder

at 270-280 my,€=0.10.

. From each of the aqueous fractions two 1 ml samples were

taken. One sample was diluted with 1 N hydrochloric acid and the

other with 1 N sodium hydroxide. The ultraviolet spectra were run on

these samples. The data are shown on the following table:

Ultraviolet Spectra of Basicified Solution (1 N NaOH)

Fraction Volume, ml = Dilution )\ max’ ™M )‘min’mﬂ E"r-r;ax Morphine
‘ (hydrate)
mg

1 30 1/25 298 279 0.18  16.3

2 50 1/10 298 279 0.99  60.3

3 50 1/10 298 279 0.24 14.6

) Total: 91.2

Ultraviolet Spectra of Acidified Solution (1 N HCI) | .
Fraction Volume, ml Dilution >\max’ mu )\min,m//l Ema Morphine
(hydrate)

. mg

1 30 1/25 285 261 0.11 16.5

2 50 1/10 286 261 0.59 59.5

3 50 1/10 285 261 0.144 = 14.4
Total: 90.4

Theoretical yield of morphine (hydrate): 93.5 mg
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The pH of éach, of the fractions was adjusteci to 8.67 with a few
drops of concentrated hydrochloric z;cid or sodium hydroxide. C-rystal‘s
formed in fraction two and weré centrjfu_ged off and washea four times
With 1 ml portions of water and then dried in a vacuum at room tempera-
ture for eight hours to yield 26.0 mg of dried crystals (mp _251-25300),
. The solution was continuously extracted with chloroform for twentir-‘four

hours and yielded only a dark material.

Hydrolysis of Methoxymethylmorphinone, Dowe_x>50 Hydrolysis

Trial 1: A solution of 104 mg of _methoxymethylmorphinone
(0.318 mmole) was added to the exchange column containing 5.0 g of
Dowex 50 x 2 (200-400 mesh);, The column had been previously wéshed; with
1 N sodium hydroxide followed by 1 i\_I-hydrochloric acid and a large amount
of distilled water. |

. After the alkaloidal solution was added, distilled water was passed

through the column for five vhours and a total of 600 ml of water was col-
lected over this period. At the end of this period a 1 N sodium hydroxide
solution wa's' add.ed to the ion exchange column, which was now cooled with
~ an ice water jacket, Two fractions were collected (fraction .one of 30 ml
after two minutes and fraction two after five minutes).

Eaéh fraction was washed in the cold wifh a 25 ml portidn of

chloroform to remove any unhydrolyzed material. The ultraviolet spectra
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of these washes indicated that there was no u:nh-y.drc‘)‘lyze_d material in the
chloroform washes. The pH of each aqueous fractioﬁ was a;dju'sfed to
8.67 and extracted four times with 25 ml portlions of chloi-ofbrr.n.ﬂ Samples
were taken both before and a.ftér the extféétion for the ulfravi_olet spectra.

The chloroform extracts of each fraction Were combined and
washed with a small amount of water, driéd over calcium sulfé.te aﬁd
evaporated to one or two ml in a vacuum, using a stream of nitrogen.. A
10 ml portion of hexane was added to the chloroform solution. The result-
ing precipitate was centrifuged, Wa'shed_,with hexane and reprecipitated
from chloroform.

The precipitate was dried at room temperature to yield 30.3

mg of dark yellow material,

Trial 2, pH 9.6 Elution; A 499.6 mg portion of methoxymethyl-

morphinone (1.57 mmoles) w;axs dissolyed in 10 ml of 0.1 N hydrochloric
acid and added to an ion exchange column (i.d. 17 mm) containing 10 g
of Dowex 50 x 1 (50-100 mesh). The Vresin had been préviously washed
with 1 N sodi-_u;m'h'ydroxide and 1 N h}z;drochloric acid followed by distilled
water.

' Water was passed through the coluxinn for five hours, after which
time 760 ml had been collected. The ion exch;.nge ‘cc;lurnn_.was then surround-
ed by an ice bath and the _pH'9. 6 borate buffer was added to the column.

Four fractions were collected (rate of flow: 25 ml/min) and each of these
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fractions was worked 1.1p.at Oo__C as quickly as Possible.__ .Following the
last buffered f;action, ,100 ml of chlqroform was passejdvthrough the
column. The chio;oform's ult'raviqlet spectrum was taken.

The pH Qf these four aqueous fractions was adjusted to 8.67 and
each fractionvextracl:ted with four 25 ml portions _éf chloroform., Two 1 ml
samples were tz‘a.ke‘n‘ f;om each fraction before and after the extraction.
The ultraviolet spectra.were run on these samples and also the chloro-
form extract to. determine the,cﬁ:ompletene ss of t-he extré.ction.

Ultraviolet Spectra (Sample ' Basified . with 1 N NaOH)

Fraction Volume, ml . Dilution /\max’ mu /\min’ mMd E_ o
Before Extraction:

1 50 1/50 300 277 : 0.75

2 ‘ 58
3 : 50 - 1/50 300 , 277 0.56

4 50 1/10 302 : 277 .0.93

After Extraction:

1 50 1/10 295 276 0.18

2 58 1/10 295 277 0.18
3 50 1/10 295 277 0.14
4 50, |

Chloroform Extracts (in chloroform): .
1 100 1/10 280 266 0.61
2 100 1/10 279 266 0.80
3 ' 100 1/10 279 266 0.46

4 75 1/10 280 265 0.20
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The chloroform extracts were combined and washed with a small
~amount of water, dried over sodium sulfate, filtered, and gvapo‘rated to
dryness to yigld a glass which, ﬁpon the addition of absolute ethanol, formed
_crystals that are not very soluble in chloroform (342.4 mg, 79%).

The ‘per‘chlora'te was made by dissolving 52 mg 6f morphinone in
3 ml of absolute methanol and addirig 1.86 ml of 0.'_1"1\_I:,ethan01ic perchlor-
ic -acid, The crystzils were recrystallized three times from methanol-ethe.r
for analysis. Dried nine hburs in a vacuum at 1010C. (m.p. 151—15§C
hot stage). Material ivs'hygros*copic.

Infrared Spectra (KBr pellet)

2.8 microns; medium, broad band
5,80 microns; weak band
5.98 microns; strong, narrow band

~Anal. Calc'd for C17H17NO3"HC104:, C, 53.20; H, 4.73

Found: C, 52.82; H, 5.01
[_ JD -125” (c, 0.75, methanol)

~ Trial 3, KCI Elution:. A solution of 502 mg of methoxyrnethyl-

morphinone (1.53 mmoles) dissolved in 20 ml of 0.1 N hydrochioric‘
acid was added to a Dowex 50 x 1 (50-100 mesh) ion excha-nge column
that had been previogsly prepared as in Trial 2.

A total volurne_of 800 ml of distilled water was passed.through
the column during a five hour period.. After this time a 10% potassium

chloride solution was added to the column and over a period of one hour,
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four 100 ml fra ctions were‘col}’ec'tedf, The pH of each fraction was adjust-

ed to 8.67 by first adding 20 ml of 1 M ‘sodium bicarbonate and .then add-
ing a few drops of conc. ammonium h_ydroxnide (in the cold). Each frao—
tion was then quickly extracted three times with 50 ml portions of
: chloroform.
- The chloroform extracts of frac'gion one and two were combined,
washed with a little water, dried over sodium sulfa_te, and ovaporated
to a light yellow glass (120 mg, 28% yield). The chloroform extracts
of fractions threve and four \;vere combined, washed, dried, and evaporated
to 159 mg, (35%) of a darker glass.

The infrared spectra' of the r‘n‘aterial from fractions one and two

had a very weak band at 5,80 microns and a strong band at 5.95 microns.

Hydrochloric Acivd Hydrolysis of MethoxyrﬂethYlmorphinone

Trial 1: A 102 mg portion of methoxyrnethylmo;phinone
.(O° 312 mrriole) wbas dissolved in 710 ml of 1 1:1_ hydrochloric acid and
allowed to stand at roorﬁ tempe;ature.for five hours. The solution was
then diluted wfth 40 ml of wé.te.r and 25 ml of 0.1 M disodium hydrogen
phosphé,te-solution and while beingvkep._t‘cold the pH was adjusted to 8.67.
. The adjusted solution was oxtractéd quickly with four 25 ml portions of
cold chloroform. The ultraviolet spectra was taken on the aqueous solution
".before énd after extréction and on the chlofoform extract to determine

the completeness of the extraction.
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The chloroform solution was washed with a 's'rﬁall amount of
water, dried over sodium sulfate, filtered, and evaporated in a vacuum
to dryness to yield 68 mg (80%) of dried 1ight yellow glass. The dried
material was takén up in 5 ml of absolute ethanol. To this was added
2‘.., 19 ml of .O.,l N ethanolic perchloric acid. The crystals were re-
crystallized fhree times from methanol-ether for an analytical sample.
. It was dried fb;' ten hours‘ at 1010C and 0.02 mm of mercury to yield
27.6 mg of wﬁite»crystals, The mother liquors were evaporated to

dryness to yield 58.0 mg of light yellow crystals.

. Anal, . m.ps 140+ 2°C (hot stage)
. Calc'd for. C17H4NO; HCIO,: -~ C, 53.20; H, 4.73"
0 . T N o .
Calc'd for.C17H,7NO3+CHZO HC1O0y4: C, 52.23; H, 4.87

Cale'd for G;7H,,NO;-HCLO4: CH,OH: G, 51.97; H, 5.33
Found: :C, 52.0; H, 5.1

Trial 2: .A solution of 1.04 g of .meth0xymethylm,orphinone
(3.18 mmoies) dissolved in 20 ml of 1 N hyd-rochloric; acid was allowed
to stand at room temperature for five hours. Thé solution was then
éooled ip an ice bath and to it was added 50 ml of chlorofo.rrn., While
stirring mechanically, the pH was adjusted to 8.7 with 20 I\i potéssium
carbonate (about 5 ml). The layers were quickly separat‘ed‘ and the aqueous
layer extractéd three times with 50 ml portionsvpf cold chloroform. The

chloroform fractions were combined and washed with a small amount of
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water. These were then dried over sodium sﬂfate and evaporated to
dryness _iq a.vacuum to yield '763_mg of dried lig;.ht yellow glass (85%
yield). |

Part Qf thg_ glass (SQO mg) was dissplved in about 5 ml of abso-
lute ethanol. Spontaneous crystallization took plaée. The crystals were
separa.t'ed, washed with ethanol,and air dried, to yield. 450 mg of air-
driedvcrystals,.'An analytical samplle was ‘preiaared by drying the above
crystals for twenty-four hours at room temperature, 0.01 mm The
infrared showed a medium broad band at 2.85 rhicrons; no band at 5.80
microns, strong band at 5.98 microns (in KBr).v It showed no m.p. but

started to decompose at 148°C (evac.cap.). -

- Anal. Calc'd for Cy7H,,NO3 : - . C, 72,06; H, 6.07
Found: . C, 71.86; H, 6.37

25 o ) '
[&] D -194% (c,” 0.87, methanol)

: Reduction of Morphiﬁone with Sodium Borohydride

Trial 1: A 989._7 mg portioh of rﬁorphinoné (0.249 mmole),
preparéd from the Dowex 50 hydroiysié using pH 9.6 elu;ant, was dis-
solved in 5 ml of mefhanc;l._ This was added to a solution ;of 268 mg of
sodiurh borohydridé (7.1 mmoles)t. . The sodium borohydride solution
was prepared by dissolving the sodium borohydride in 2 ml of water

first and then adding 5 ml of methanol.
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The solution was allowed to stand for"l. 5 hours and then evapor-
ated to one-half its volume (on the steam bath, using niér’ogen). A

10% solu;cion of sodium hydroxide (5 ml) was added to the solution and
the combined solutions brought just to the })oil., Then 5 ml of water "was:
added. The pH of the solution was adjusted to 8.67 and the methanol
evaporafed off in vacuum, using.a stream of nitrogen. Crystals formed,

" were centrifuged off, washed three times with 1 ml portions of water,

_and dried five hours to yield 39.3 mg (40%) of morphine (m.p. 250-251.5°C
with' decompositinn); mixed melting point with morphine (m.p. 253—254OC):
249.5-250.5°C.

The pH of the solution was re_a.djusted to 8.67 and a second frac-
tion of crystals collected, washed, and dried, to yield 22.4 . mg (23%)
of morphine (m.p. 249.5-250.5°C).,

. The ultraviole‘f spectrum was run on a sample of the mother li-
quors. The mother liquors were extracted six times with 25 ml portions
of chloroform. Ultraviolet spectra were run on samples of the chloroform
extract and the aqueous solution. The chloroform soluﬁo'n had a /\max
286 rn/A, /\mm 265 mM, and i.ndicatl:edvthe presenc§ of 17.4 mg (18%)
of morplrii.n;e in the chlofoform'éxtracto_ The aqueous solution had a )\max

300 m/,q, and a A ) 283 m//ﬂ(about 4.5 mg of material) ina 1 N so--
min o -

dium hydroxide solution. The aqueous solution was evaporated to dry-.

ness in a vacuum and digested with two 10 ml portions of chloroform.
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These chlo_roform._»digests were evaporated to yield only a small amount
| (less than 0.5 mg) of dried white_powdér.' )
Triél 2: A solution of 84 mg of_ morphinone (0,257 mmole),

that had been prepared by hydrocrhloril(: acid hydrolysis and contained a
small amount of saturated ketone impurity, dissolved in 7 ml of methanol
was added to a solﬁtion,containing 270 mg of sodium borohydride (7 1
mmole S).. The‘ sodium borohydride solution was made by‘disSolving
the sodium bor.ohydride in 2 ml of water .and adding 3 ml of methanol;,-

B The above reaction solution. was allowed fo stand at room tempera-
ture for one and one-,‘hélf h;)urs and then was evaporated to half the original
volume on a hot water bath using a stream of nitrogen. An additional volume
of 10 ml was addéd to the solution and again evaporafed to half the ori-
ginal volume.

. The pH was adjusfed to 8.67 with a small amount of conc. hydro-

- chloric écid,_ Bubbles of hydrogen (?) were formed upon the addition of
the acid.  The mixture was allowed ,té stand ihvan_ice-asalt bath for one
hour before the cryst’als were filteréd off, washed, and dried at lOIOC,
0.01 mm, for fourteen houfs to yield 60 mg (7.1%) of white crystal.s.,

The ultraviolet spe.ctrurn of the mother liquors i(in 1 N sodium
hydroxide) was the same as thét »of morphine and indicated the presence
of about 20 mg (24%) Qf additional morphine. Therefore, the mother li-

quors were extracted six times with 25 ml portions of chloroform which,



41

when dried and evaporated to dryness, yieided 14 r”’n'g'of an oil which soli-
dified into a white solid.. Infrared spectrum‘of this matérial (inKBr)
was identical wifh that of morphine., |

. Part of the aboveﬂ white crystals were sublimed at 150°C, 0.01

mm and dried for twelve hours at 101°C,. 0,01 mm for an analytical

/

sample. It had a m.p. of 247-250.5°C and a 50:50 mixed (m.p. 256~ .
o ‘ 0
257 C) m.p. of 248.5-251.5 C.

1 - P . . )

Anal. Calc'd for G.17)I—119NO.3, C, 71.55; H, 6.71

Found: C, 71.59; H, 6.63

25 o '
['o(j D 118%(c, 0.91, methanol)

Reported m.p. 253—25400]}95,(]2; -130.9020

Hydrogenation of Mo rphinone

A 92, Z'rﬁg sample of morphinone (0,326 mmole), f)repared from
the Dowex 50 hydrolysis using pH 9.6 eluant,. was dissolved in 10 ml of
absolute ethanol.’ Then, 150 mg of 5% Pd/C catalyst was added to the hy-
drégenation flask.. An almost theoretical amount of hydrogen (0.96 mole
of hsrdrogen per mole of cbmpound) was takén_up in the first thirty -
minutes. The solution was filtered through a sihtered glass funnel and
; evaporafed to approxirhately 0.5 ml and left to stand overnighfl.. Crystals
forrﬁed and were dried to yield 15 mg of dried material (m;p'. 252-255°C).

Comparisoh of its infrared spectrum with that of authentic dihydromor-
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phinone (m.p. 259—260°C) _reye?.l_ed.th.em to be identical.. These cry-
stals were subl‘irn'ed.vat_ 190°C? 0. Oi mm to give a powder; m.p.. 256-
v25_SOC, 50:50, mixed with dihydrpmqrphinpne (m.p. ‘259-260.0C), 260-
£ 261°C. Reported m.p. 26_6-26700;'[3('3%5 194° (c, 0.98, dioxane) .
The‘mpther liquors were evaporated to dryness to yield 63.4 mg
of material having a phenolic and a saturated ketone band in the infrared.
. The spectrum was similar to dihydrorhorphinone but not identical (in-
KBr).

. Reactions of Morphinone with Diazomethane Prepared from N-Nitroso- |

methylurea
Trial 1: The ethereal solution of diazomethane was prepared by

adding 3.0 g of powdered N-nitrosombet;h.ylureé to a cooled 125 ml Erlen-
meyer flask containing 20 ml of 40% potassium hyd?oxide and 30 ml of ether
‘(in'the. hood).. The solgtionlwas swirled, and as the ether layer became‘
‘ brjight yeliow, it was decanted off and fresh ether added. This was done
until little yellow» color formed in the ether layer.

'The ether solution of the diazo'rn.ethane was standardized by adding
_ 2 ml of solution to an ethanolic solution of benzdic acid and titrating the
~ excess benzoic acid with standax:dized 0.1 N sodium hydroxide.

. A solution of 250 mg of morphinone (0.885 mmole), prepared from
the bydrochloric acid hr‘ydrolysis and containing a small amount of saturated *

-

ketone impurity, dissolved in 20 ml of methanol, was cooled in an ice-salt
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bath. Slowly, 70 ml of 0.05 I\£ d;iazomethane sqlution was added to the'
solution of morphindne . The solution was allow.ed_to stand in the cold for
three houfs and tv‘}o hours at robm temperav.'cux"e°

The solution was then evaporated in a vacuufn to an orange oil,
whiéh partially crystalized on the addition of absbiute ethanol.. When more
ethanol was added and the solution again evaporated, only a darker oil
was ébtained, |

- The dark oil wés dissolved in chloroform, washed with 0.1 I\_I
sodium hydroxide, washed with water, dried over sodium sulfate and
evaporated té dryness to yield 210 mg of dark tar.

- A 177 mg portion of the above dark tar wa.s dissolved with heat-
ing' in 10 ml of benzene. This was added to a. éOlumn_contaihing 10 g of
aluminéa No useful material was.fo'und,frorn thvivs chromatography.

Trial 2: The diazomethane solution was prepared as in Trial 1.
A solution of 250 mg of morvphinone_(Oi.,-885' mmole} dissolved in 10 ml
of methanol was. cooled in,é.n ice-salt batﬁ, and to it was added 85 ml of
0.16 l\/i diazomethane. The yellow solution was alléwed to stand for
fourteen hours in the refrigeratqr and at room temperature for three
hours.

- The yellbw solution was added to 50'. ml of 0.5 M acetic acid.

The two layers were evaporated in a vacuum to remove the non-aqueous -
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solvents. The pH was adjusted to 9.0 and the solution extracted five

times with equal portions of ghlorof‘ormni These chloroform solutions

were dried and evaporated to yield 0.23 g of yellow pﬂ which darkened

on standing. The infrared spectrum showed quite a decrease in the in-
tensity of the band at 5.98 microns and was totally different whe.n_compa.red
to codeinone.

- Reaction of Morphinone with Diazomethane Prepared from p-Toylsul -
fonylmethylnitrosoamide '

.The diazomethane Waé prepared in the method given. in Organic

: Syntheses'l(_)

.A.25 ml sample of 0,125 M diazomethane was added in the cold
to 104 mg of morphinone (0.368 mmole) dissolved in 10 ml of methanol.

. The morphinone that Qvas used was that which had been prepared by hydro-
chloric acid hy_drolysis and was free of saturated ketone. The yellow solu-
tion was allowed to stand in the refriger‘:;.tqr for one hour after which time
excess 1 N acetic acid was added. The acidified solution had an orange
color. The orange solution was diluted with 30 ml of 0.1 M phosphoric
acid and the 'orga_nic solvents removed with the _é.sPiratér at room tempera-

. ture. |

The pH Was adjusted to 8.5 with potassium hydroxide solution
and then extracted with four ZQ ml portions of chloréfofm, ‘These were

dried over sodium sulfate and evaporated to yield 106 mg of dark oil.
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Test of the Stability of Codeinone to Diazomethane

A 98 mg portion of codeinone (C.H.L.) was subjected to the same
conditions as those listed above for morphinone and yielded an orange solution
upon the addition of the acetic acid. Following the same extraction proce- -

dure, 123 mg of dark tar was produced.

Diazomethane Reaction with Morphine

Moriphine hydrate (98 mg, 0. 324 mmole) was dissolved in 25 ml of
methanol. A 25 ml portion of the .sarne diaéomethane solution u.se.d in the
previous two reactions was added to the alkaloidal solution. The reaction
was almost instantaneous. The yellow solution was allowed to stand in thg
refrigerator for one hour and was then acidified witll:xi_.excess 1IN acetic
acid to give a clear, colorless solution.

- A 30 mi portion of 0.1 M phosphoric acid was added to the color-.
less solution, the organic sblvents evaporated off, and the pH adjusted to
12.5 with potassium hydroxide. The adjusted solution was extracted with
six 20'm1 portions of chloroform;_ The c‘hloroform extracts were dried
over sodium sulfate and evaporated to dryness to Iyield 70 . mg of whiteA cry-
stals which had a m.p. 151-152°C after drying for twenty-four hours at

room temperature, 0.0l mm. Reported m.p. 1‘5.6—1570(3..2'l
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Diazomethane Reaction with Morphinone (Short Reaction Time)

A 3.1 ml p.onlv'tion,ova 0. 12 M d-i;\z.o_ﬁlethane (0,372 fnmole) (the
same diazomethane as used ir; the previous three procedures) was added
in the cold to a solution of 96 mg of morphinone (d. 35_1 mmole) in 10 ml |
~of methanol over a periqd,of_two minut'es. After an additional three minutes,
a few drops of 1 N acetic acid, followed by 30 ml of 0.1 M phosphoric acid,
was added to the reaction solution. The organic solvents were evaporated
off to vyield a light yellow soluti'on'.v The pH',of this solution was adjusted to
12 w.it.h potassium hydroxide é.nd extracted with four 20 ml portions of
éhloi'ofdrfn,_ The aqueous solution rapidly turned d'afl;. |
'_ ;The vchlo'rof_orm extracts were washed, dried and evaporated to

dryness to yield 20 mg of dark oil,

. Stability of Morphine to pH 10 and Heat

.AA 102 mg portion of morphin§ hydrate was diss_olved ‘in‘,10 ml
of 0.1 N hydrochloric acid and this solution was added to 70 ml of
0.1 M sodium borate solution.. The pH was adjusted to 10.0 and the
_so}ution hea?:éd on thg steam bath for 15 minutés. The solution was cooled
and the pH adjusted to 8.67 and allowed to stand overnight in the refrigefa.—
tor. 1:1_(3_ cryst—a%is for;r}ed,

The solution was extracted six times with 50 ml portions of

chloroform and the ultraviolet spectra taken of the chloroform extracts
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and the aqueous solution before and after extraction. The chlorofom ex-

tracts were evaporated to dryness to yield 700 mg of material.

NaOH
min

The extracted aqueous solution showed - /\ Ijigf 301 m/l4,
283 mM Assuming &= 2500, fhis would indicate the presence of about
22 mg of material. There was only a slight indication of a point of inflec-
tion at 249 rr/y,i, a point which is characteri.stic of morphine. Thi$ spectrum

compares well with that of the extracted mother liquors of the sodium boro-

hydride'feduction of morphinone, Trial 1 (p. ).

Stability of Morphine to Forrﬁaldehy‘de at pH 10

A 100 rh'g sé.mpl_e‘ of morphine hydrate (0. 33 mrnole.) was dissolved
in 10 ml of 0.1 N hydrochloric acid. This acidic solution was then_adaed
to 70 ml of 0.1 M sodium borate solutién and the pH adjusted to 10. Next,
1.0 ml of 1% formaldehyde éolution (0.33 ‘mmole) was éddéd and the' solu-
tion was ;llowed'to stand at room temperature for 30 minutes.. After that
time the pH was readjusted to 8, 67 and the solution was allowed to stand
overnight in‘the refrigerator.

The-cr'ystals were filtered. off, washed, and dried at ].OOOCE:.',.). '
0.01 mm, for four hours. This yiélded_54, 3 mg (58%) éf }'norphine;‘ m.p.
254,.5-255,5°C, 50:50 miged melting point With authenticl.morph.ing (m.p.
254,0-254,5°C) 254.0-254, 5°c_,. All melted with decomposition.

The'mo{:her' liquoré wére'extractgd four times with 50 ml portions

of chloroform. The chloroform solution was then dried over sodium sulfate
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and evaporated to dryness to yield 16.0 mg (17%) of dried yellow éry-
stals (crystallized from methanol),

The ultraviolet spectrum was run on the extracted mother li- °
quor (in 1 N sodium hydroxide) and -gave a spectrum similar to that of
morphine in 1 N sodium hydroxide.. This indicated the 7’prese_nce of 12.9

mg (13%) of morphine hydrate.

Preparation of Pseudomorphine

A5.0¢g poftion of morphiné hydrate (16.5 mmoles) was dissolved
in 37 ml of 0.5 N sodium hydroxide (18. 5 mmoles). To this solution was
added 4.5 g of mercurous chloride (19.0 meq) and the mixture boiled for
one minute, The solution was cooled and basified with 1 N sodium hydroxide
and then filtered, and the remaining material washed with additional base.

The filtrate and washes were combined and acidified with conc.
hydrochloric acid, and then the pH was adjusted to 6.5 with conc. ‘amr'non—

ium hydrogide.‘

The precipitate was filtered off and redissolved in 0.1 N hydro-
chloric acid, and again filtered. The acidic filtrate was again adjusted to

-a pH of 6.5, This precipitate was washed with a small amount of water
fbllowed by ethanol and ether. The washed precipitate was dried in a

vacuum at room temperature for eight hours to yield 2.0 g (39%) of dried
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white material plus 0.8 g of darker material . This white material starts
to darken at 310°C and decomposes at approximately 319°C. Polstqrffzz
reports decomposition at 327°C. Its ultraviolet spectra are shown in the
graph, Its specgtrurn in 0,02 N hydrochloric acid comparesvwell with

) ' 23
that reported by Oestreicher, Farmilo and Levi.

Preparation of Neomorphine

A suspension of 10 g of neopine .hydrobromide (26.5 mmoles)
in 60 ml of 15% hydrégen bromide in glacial acetic acid was heated slowly
with stir.ring and refluxing on an oil bath.. The ba.’-ch temper_étu_re was 1150C
~at the end of one hour. Evolution c.>f. gas began at about ldOOC, Tﬁe bath
ter;dperat’u.re was slowly raised from 1“15°C to 145°C.in_the course of an
hour. The solution was cooled and diluted with 60 ml of wrater° The pH
of the solution was adjusted to 8.5 with- conc. ammonium hydroxide. The
dark gray sojlution was cooled in the fefrigérator for eight hours and thev'
. crystéls filtered, washed with a small amount of cold watei, and dried
in a vacuum at room temperature to yield 7.5 g of 6—a§ety1neornorphine.
The crystais were recrystallized fforn 70 ml of éthanol to yield 5.0 g
(56%) of dried 6-_acety1neo¥norphine, m.p. "24.0r-247°C, reported m.p.

243-251°C Q&0 + 27,60 (¢, 107, alcohol).”
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A 4.0 g portion of recrystallized 6-acetylneomorphine (8.5 mmoles)
was dissolved in 16 ml of 2 N sodium hydroxide'.,and boiled- for ten minutes,
The solution darkéned and a small amount of dark material was centrifuged
off. Dry ice was added in small pieces to the light yellow sqlution... At a
pH of aioouf 8, a very gummy oil separated out.  The solution was warmed
slightly to prevent ice formation and, ‘on standing a few minutes, the oil
crystallized. Most of the crystals were centrifuged off and dried in‘va
vacuum. The rerﬁaixﬁng ligilt yeilow solution was evaporated to dryness
in a vacuum. The combined dried mate.rial was digested with two 40 ml
portions of chioroform and filtered through supe;' cel. The chloroform solu-
tion was allowed to éténd for two days and the ''coffin shaped' crystals fil-
tered and driéd in a.vacuum to yieid 1.15 g.of transparent crystals, m.p.
142-1450C (hot stage). . The crystals turned white on héating over 85°C,

~These crystals were then d;'ied in a high vacuum (0.2 mm) for |
‘ eight hou_rrs at 101°C to >yie1d a white powder, mp 238-239°C, with de-
..compc.>s-ition_. Rept;rted rh,,p. 240-2410C;E(321g -9.2° (c, '1004’ 95%
ethanovl).,“7
The mothér liciuor was concentr:ated to 10 ml and the crystals
that formed were filtered off and dried in"a vacuum to yield 1.13 g of dried
crysté.ls. The mother liquorsb‘werve. further concentrafed to yield a third

crop of crystals (0.30 g).
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Neomorphine's (m.p. 238-239°C) ultraviolet spectrum was run
in 1 N sodium hydroxide solution, /\max 297 mu, e=2180; /\min .272 mu,

€=1030,

Preparation of Methyl Lithium

The lithium that was used was in the form of wire. It had been
‘stor_ed in vaseline. The wire was cﬁt in con\}enient lengths-of about four
inches long and the vaseline i;emoved by rubbing with a piece of cloth
(under pentane). The strips of cieaned 1ithium were then c.ut into smaller
pieces (about 5 mm.long)v and placed ﬁndef an inverted funnel containing
pentane. The lithium pieces were washéd with three é.lternate portions
of pentane and ‘dry ether, retaining‘ the last ether wash in the fuhnel.

- The cleaned and washed 1ithibum (8.33 g, 1.2 moles).was' placed
in a one-liter three-necked flask equipped vs‘/ith. stifrer, reflux condenser,
dropping funnel énd nitrogen bubbler. . Dry ether (3007m1) was placed in
the flask, While the flask was cooled with an i"ce bath, 25 ml of methyl

“iodide (0.401 mole) was added during a 45 minute period.v No evolution of
gas was noted. After the acidition of the m ethyl iodide, the flask was stirred

¢

an additional hour at room temperature.

The methyl lithium was filtered from the three-necked flask, using
all glass connections, into a methyl lithium flask and the glass wool filter

washed with ether. Excess lithium was carefully destroyed using methanol.
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Two 3 ml aliquots were taken with hypodermic syringes and
added to water and the liberated lithium hydroxide titrated with 0.1 N
standardized hydrochloric acid, indicating 425 mls of 0.93 M methyl

lithium (98.5%).

- Preparation of 6-Methylmorphine

Dry ether (50 ml) was placed in a 250 ml round-bottom, three-
“necked flask equipped with sf;rrer,/ cqndense.r', nitrogen line; and an
adapter f'or the addAi.tion:ofl solids. |

. The flask was cooled in a,r; ice.-salt. bathy. and 20 ml of 0.93 M methyl
lithium was added“by means of a syringfc. Over a period of 15 minutes, 2.48 g
of repurified, dried (mp 129-1300C) methoxymetﬁylmorphinne (7.6 mmoles)
was added as a solid. The. light ?ellow solution was stirred in the cold for
an additional hour.

. The solution was tested for excess m ethyl lithium by adding a few
drops to.water and noting whether gas was evolved. |

The solution was adcied to 60 ml éf ice water a}nd the layers separated.

The aqueous layér was washed four times with 30 ml portions o_f ether. The
combined ether solutions were then washed with a small amount of water
and then extracted with fou_r 40 ml portions of 1 N hydrochloric acid. The
hydrochloric. acid solution was all_qwed fo »Sta.l'?l.d for five hdurs at room

temperature.
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The ‘pH>of the acid solution was ;djusted to 8. 67 with conc.
ammonium hydroxide. The adjusted solution was ‘extravcted four times
with a total volume of 200 ml of chloroform. Aim§s£ immediately, 1.12 g
(49%) of 1ig&1t crystals formed in the. chloroform and were filtered off,
washe_d with chloroform, and dried (m.p. 275—2760C, with decomposition),
rI"he combined chloroform fractions were dried over sbdium sul -
fate. (Ten ml of methanol had fo be added to the chloroform solution while
drying since additional materiai started to crystallize from the chloroform.)
The organic solution was evaporateci to yield 0.75 g (33%) of light tan solid.
Thrvee additional 50 _ml portions of chloroform were used to again
ext‘rvact the équeous adju‘sted solution and a second fraction of 0,35 g‘(15%)
was collected. Total yield: 2222 g, 98%.
A sample was recrystallized once from acetpne and twice from
methylethyl ketone and analyzed as follows: (.H‘.N.Ro)
~ Anal. Calc'd for C,gH,NO;:  C, 72.‘22; H,; 17.07;. C-Cliz, 5.03
Found: G, 71.95; H, 7.24; G-CHs, 4.3
=1 25 -166° (c,0.82, methanol)
D - .

m.p. 278.8-279.6°C

Preparation of 6-Methylcodeine (H,N.R.)

A 0.25 g portion of 6-methylmorphine (0,84 mmole) which had

bean recrystallized twice from methylethyl ketone was dissolved in methanol
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and cooled in an vice‘ bath

- After 1.75 g of fin_ely)po_wdevrvedV‘N-ni‘t_qu_somethylurea (17 mmoles)
had been added (in thg hqqd) toa 125 ml Erlc{en_mey,er,,: conf.aining 12.5 ml
of cooled 40% potassium hydroxide and 25 ml of ether, thé mixture was
_stirred »invan ice ;bath gnti} the .eth‘er--lvayerv became bright yellow. The ether
layer Was carefully decanted into anqtvher cooled Erlenmeyer and kept
F:old in,_an ice bath. Fgrther 10.m1 pprtions of ether were added to the
_vgzater/ phase,. swirled and d_eAcanted: until very little or no colpr appeared
~ in the ether layer.

The cémbined ether layers were added slowly with éWirling to the

methanol solution.of 6-methylmorphine Eand the mixture clamvped .in an ice
‘bath in the hood ovérnight., ‘t.hus allqwing it to return to room t‘e_mbperature
slowly. The react;on mixture was then e-Vaporated to dryness, leaving
0.255 g of a light oil which hardened upon scratching to a white pdwder
(rn_.pw 95-100°C).. To remove any phenolic rﬁateriai, the crude product
was dissolved in 25 ml of éthyl acetate, extracted with iZ ml portions of
0.1 N sodium hydroxide, washed with 5 ml of water, dried over magnesium
sulfate, filtered, and evaporated to dryness, giving 0.20 g (77%) of white
?owder now meltirig from 10.6-1v110C,, This white powder crystallized
easily from 60-90° ligroin, giving 0.123 g (47%) of white needles which,
after drying five hour..s. ina vacuum oven at 80°C, had a melting point of

112.4-115°C.
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6-Methylcodeine had been preparéd previously by Findlay and

14

: ‘ : _ . 20
Small” * who reported a melting point of 114,5-116. 5OC and an[& jD

-1639 (¢, 1.1 alcohol).

- Preparation of 3-Acetyl-6-methylmorphine

A 0.35 g portion of crude 6-methylmorphine (1.17 mmoles) was

-dissolved in 25 ml of chloroform. Only about 75% of thé material dissolved

in the chloroform and the remainder was filtered off and dissolved in
1.75 ml of 1 N sodium hydroxide.

The sodium hydroxide solution and the chloroform solution were

‘added together (in the cold). To this was added 0.138 ml (150 mg) of

acetic anhydride (1,47 mmoles) and the mixture vigorously shaken for
one minute.

The layers were separated and the chloroform solution washed

' withi a small amount of water. The wash was combined with the aqueous
- solution and the pH was adjusted to 8.7 with 2 ml of sodium bicarbonate

‘and a drop of conc. ammonium hydroxide. The adjusted solution was ex-

tracted three times with 10 ml portions of chloroform.

- The combined chloroform layers were dried over sodium sulfate

-and evaporated to a light yellow oil which; on the addition of one drop

of ethyl acetate, crystallized to a light tan poWder (0.29 g, 75%).

Some of the light tan powder (0. 25 g) was dissolved in about
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10 ml of chloroform and At_hen washed with three 25 ml _p_ortions of 0.5 M
sodium_c_:a.rbon_va:te and tbh'e sodi}lm carbonate solutions_bé.ck-washed with
chloroform. The_ chloroform solutions were combined and washed twice
with.a small amounf of water. The chloroform solutioﬁs were dried and
‘evaporated to dryness t'ch)v yield crystals. These were found to r.ecrysta.llize
| nicély from ethﬂ acetafe.

" An an"alyticé.l sample was prepared by recrystallizing once from
etilyl acetate and i:hen'subllimed at 120° C, 0.01 mm, and dried for twelve
hours at room temperature, 0.0l mm. It had a i’neltiﬁg point of 166.5-167. 5°C,
with decomposition. The if;fra'red spectrum showed a étrong narrow band
at5.70 m'icro-n's. |

Anal. Calc'd for C20H23NO4: C, 70.36; H, 6.79; Acetyl, 12.6

Found: C, 70.12; H, 6.60; Acetyl, 12.5
[:o(JD -198°(c, 0,78, methanol)
In basic solution the acetyl group is readily hydi‘olyzed as is
" indicated by the gradual appearance of absorption at 300 mu. . This would

be due to the formation of the phenolate ion,

. Reaction of 6-Methylmorphine with Methyl Lithium and Acetic Anhydride
A 297 mg portion of 6-methylmorphine (0.99 mmole, m.p. 275~
276°C) was dissolved in 50 ml of dry tetrahydrofuran in a dry 300 ml

three -necked flask.. A solution of 0.93 M methyl lithium (5.0 ml) was
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added to the coole.d flask and allowed to stif for 15 minutes. Then 0.50 ml
of acetic anhydride (5.4 inmole s} was added and the solﬁtion heated to re-
flux on a water bath for 30 minutes The flask was then allowed to cool
and was stirred for an additional eighteen. hour at room temperature.

The red solution was added to 50 ml of 0..,l5 M écetic acid and

evaporated to 50 ml on the aspirator;.A few grains of sodium sulfite were

‘added and the color changed to a light yellow. The yellow solution was ex-

tracted three times with 50 ml portions of chloroform. These chloroform
extracts were then washed three tifnes with 30 ml‘portioné of 0.5 M_ s0-
dium carbonate ana two times with a small amount éf water. The chloro-
form solution was then dried over sodium sulfate and evaporated to a
yellow oil which crystailized on standing to yiéid 242 mg of material.
The pH ofvthe aqueoué acetic acid solution was adjusted to 8. 67

with ammonium hydroxide and then extracted three timgs with 50 ml por-
tions of chloroform. The chloroform extracts were washed .and dried to
yield 49 mg of an oil thch crystallized on standing. . It.had a melting
point of 131-135°C. vThe’ infrared spectrurn of this matérial was very
sim_ilar to that of 3-acetyl-6-methylmorphine.

A sarnpyle was subli.medvat lZOOC, .Q,Ol mm, ’and dried for four-
teen hours at room temperaturg to yield a material that had a melting

point of 156-160°C.
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Anal. Calc'd for CyH,gNO5:  Acetyl, 22.4

Found: Acetyl, 9.4

Reaction of 6-Methylmorphine with Acetic Anhydride and Pyridine

A 98 mg portion of 6—methylmorphine (0._}2_8_mmole) was re- '
fluxed with 2.0 mi of acetic anhydride and 1.0 ml of dr?r pyridine for
five hours (under nitrogen), .The light yellow Vso'lu.tionvwa‘s eva‘po‘rated
to dryn_e ss in a vacuum with gentle heavtivng, The voilvw‘a‘s taken up in
1.0 ml of chlqer washed three times with 16 ml portions of
0. l M sodium carbonate. The sodium carbonate solution was back-
w;shed with. chlprofo;m.

The combined chlorqforrmv solutions were washed with _water,
dried over sodium sulfate, gnd evaporated to 105 mg of_; yellow oil.

. The infrar‘c_.ad spectrum wa's also similar to that gf 3-acety1-6jmethy1-

morphine.

 Preparation of 6-Acetyl-6-methylmorphine

A 1.00 g portion of methoxymethylmorphinone (0.306 mmole,
m.p. 129-130.°C)_ was added over a period of 15 minutes to a. cold sclution
composed of 100 ml of dry ether and 20 ml of 0.93 M methyl lithium.
After stirring the solution for one hour in the cold, a test for excess methyl

lithium was taken (using Michler's ketone).
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This constitutes av.method of determining the presence of Grignard

or alkyl lithium compounds and is éarried out & follows: A sample .of 0.5-
1.0 ml of the solution to be tested is placed in dry 1.2 x 10 ¢cm test tube
containing an equal volume of 1% solution of M-iciﬂer's ketone in dry ben-
- zene. About 0; 5 ml of v;/ater is carefully-added> and is followed by enough °
(a few droi)s) of a 0.2% solution of iodine in zva.cet'ic acid to give a clear
two phase soluﬁon. .Finally, 2 ml of glacial acetic acid is added and the
sAoluti'on is well mixed. The mixture is allowed to settle and the color
noted. A positive test will give a c.haractéris"ticvblue-green,colorj a,
' negative test is a shade of pale yel'low.

~ The test indica’ééd the presence of excess methyl lithium.

A 200 ml portion of'd.istilled acetic a'nhydride:(ZI° 3 mmoles,
b.p. 1379C) was added with sti.rring over a.period of 10 minutes. . A
~ white material precipitated from the solut’ién ‘u;pon the addition of _the
_acetié anhydride. The mixture was refluxed onbthe water bath (with .
stirring) for two hox;rs.

The rnixture was added to 100 ml of 0.1 Mphosphoric acid

buffer (pH 3.0) and the ether ‘removec.l on the rotary evapdérator. Some
gummy dark material precipitated f’rorﬁ the solution. Thev aqueous solu-
tion now was at pH 5.0 and‘ w.as adjusted back to 3. 0;_. '(some. gummy ma-

terial still remained). The gummy material was very soluble in chloro-
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form. The chlo‘roform solution was extracted with two equa.lbportions of
buffer. Evaporat.ion‘of the: Qashed a.1l1d dried chloroform solution yielded
66 mg of rea tar.

o The buffer éolutibﬁs weré ‘combinedvand refli;xed in a nitrogen .
atmosphere- for>six 'hour‘s, The rate of hy}drolys:vi‘s Waé fdllbwed using
the ultraviolet spec'tra to indicate the afndunt of phehol formed. "

"I“hé buffgr solﬁtions were washed l\.;vith th:ree 30 ml portions of
chlqrofdfm,_ The pH of .tﬂe aéueous solufibns wé.s adjusted to 8.7 with
pot.assium hydfoxi’ae solution and then extracted with four 50 ml portions
of chlboro'form.

'The combined chloroform extracts were washed with water,
driéa over sodium sulfate, _and‘ eva.porafed to yield '1‘.0‘0 g of dried White
solid (88%, m.p. 220-221, SQC?with decomposition).
| A 1-00 mg sample of the above w.hite solid was easily recrystallized
(twi;:e) frorrll ethyi acetat;é fo éiveiorig needles. An énal'yti.cal sample was pre-
pared by subliming“thevrecrystalli‘zed material at 140°C, 0-,01 mm to give
‘a white solid having a m.p. 244-245°C.

| ';].“he infrared spectra ‘is.very différént when compared to 3-acetyl-
6-methylmorphine.

- Anal. Calc'd for C,oH,3NOy: C, 70.36; H, 6.79; Acetyl, 12.6

Found: @ C, 70.32; H, 7.06; Acetyl, 13.0

]_7:>(:_\2D5 -212° (c, 0.65, methanol)
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Preparation of 3, 6--Diacetyl'-6-m_e'thyl£norphine

A 96 mg portion of recrystallized 6-acetyl-6-methylmorphine
(0.28]1 mmole) was dissolved in a sdution of 1.0 ml of acetic anhydride and

2.0 ml of pyridine. This solution was refluxed in an,atrhosphere of nitrogen.

‘Refluxing was discontinued after 1.5 hours since the solution has changed

from colorless to dark orange.

The dark solution was evaporated in a vacuum using gentle
warming. The thick oil was dissolved in 5 ml of chloroform and extracted
with ten 5 ml portions of a pH 3.0 0.1 M phosphoric acid buifer.

The phosphate buffers were combined and the pH adjusted to 8.7
with pota's sium hydroxide solution. The adjusted sfplution.was extracted
with four 50 ml portions of chloroform which were then dried over sodium
sulfate and evaporated o a light oil which crystallizedv on the addition of a
drop of ethyl acetate. These were dried to yield 102 mg (94%). These -
crystv:als were much more soluble in ethyl aéetate than the previous acetyl
derivatives. The dried crystals were recrystallized from ethyl acetate-
hexane.. Aq anvalytical‘ sample was prei)ared by su‘bliming the recrystallized
material at 1250, 0.01 mrﬁ, anq drying for -twenty-f;)ur hoqfrs at about
80°_C, 0. Ql mm. . It had a meltiﬁg point of 166-168°C, with decomposition,

The infrared spectrum had a doublet at 5. 66 and 5.76 microns.
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Anal, Calg:'_d for C

C,2HpsNOs:: G, 68.90; H, 6.57; C-CHj, 12.1

Found: C, 7691.'3_4;: H, 6.41; C-CH,, 12.3

3’
[47 1235 -200° (c, 0.77, methanol)

Hydrolysis in basic solution shows the gradual formation of ab-

sorption at 300 mMm indicating the gradual formation of the phenolate.ion.

Hydrogenation of 6-Methy1rhorphi_ne
| A 114 mg portion of 6-rr‘1eth”y1mcirphine (0438 mmole, m.p. 275-
276:°C) was dissolved in 10 ml of absolute ethanol. A 20 mg'p'oz;tion of
platinum oxide was added to fhe h‘ydrogen'atioh flask. In 30 lm-inutves‘ 1.05
fnoies of 'hycirégen’ per mole of compound had been picked up.
‘ Thé catalyst was filtered off and the solvent evapdrvé,ted'to dryness.
'This yielded 115 mg of dried white crystals. These were sublimed at 140°C
| 0.01 mm and dried at 101°C, 0.01 mm foi fiftéeh hours, m.p. 204-206°C.

“Anal. Calc'd for.C;gH,3NO3: C, 71.73; H, 7.69

" Found: C, 71.5; H, 7.8
The last trace of moisture was hard to >remove.

e = ’ o}
. Reported for 6-methyldihydromorphine, m,p. 209-211 C,

.20 . : :
Ec(:\D ~147° (c, L02, alcohol)‘cls
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Attempted Preparation of Thebaine frorn--Codeinone

A 299 mg portion of codeinone (Chada) (1.00 mmoles) was dis-
solved in a solution of .5 ml of 3° butanol, 0.01 ml of methano},and 26 mg
of sodium (nitrogen atmosphere).

. At room témperature 0.095 ml of vacuum distilled methyl sulfate
was added to the alkaloidal sol ution. At once dark coloration took place.
The dark red mixture was left at room temperature for 45 minutes and
refluxed von the steam bath for 20 minutes.

- A 10 ml portion of water, -containing two drops of ammonium hy-
droxide, was added to ‘;he céoled solution.. The dark mixture was evaporatéd
to half volume (:205 mg of dark cinder-like material was filtered off). To
the dark,solutiop was added 30 ml of chloroform and 20 ml of bisulfite
buffer. The orgénic phase was washed three additional times to remove
all ketonic material. The bisulfite solutions were disca;‘ded.

. The .organic phase was washed, dried over sodium sulfate, and
evaporaed to yield 91 mg of dark material. The infrared spectrum of this
material did not indicate any bands that are characteristic of thebaine.

Not all of this material was solﬁble in ben.v;ene (10 ml, with heating).

The mixture was added to an alumina column (10 g) but no useful material

was recovered.
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Attempted Preparation of 3, 6-Diacetyl-6-methylmorphine by Two Phase
Acetylation :

A 54 mg pqr.t‘ion of r‘ecx_'y_stail_izﬁed 6_-ac_¢:ty1—é-lmet}vlylmorf.)hin‘e (0.16
mr'nole) was d_issolyed in 0 5 ml of chiorof,orm. In the cold, 0.020 ml of
acetic anhydride (0,21 mmole) was __é.dded to the chloroform solution.
Immediately 0.252 ml of 1 N sodium hydrqxiae .was added -and the mixture.
shaken for five minutes, One ml of water was addre<.i a;nd .the pH adjusted to
8.7 with potassium hydroxide spluti_on. The layers were separated and the
aqueous layer was washed w_ith three 5 ml porfions of chloroform.

. The combined. chloroform solutions were dried over sodium sulfate
and evaporated to dryness to yield 57-rng of white powder.. Addition ‘of ethyl

acetate yielded an oil and 17 mg of white crystals, m.p. 245-246°C.
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+II. PLANT STUDIES. .

INTRODUCTION

, 1 - :
In 1805 Serturner first isolated morphine from the opium poppy,

Papaver chﬁniferum. Since then, Fhis ;ompounci has been stﬁdied from many
different aspects, _particul‘arly its isolation, production, cheﬁistry, bio-
chemistry, pharmacol.ogy, régulationﬁand COntrol.x

Since the time of the posulation of the correct st?uctural formula of

2

mofphine by Gulland and Robinson 3, many groups have attempted the syn- -
thesis of morphir;e by an unambiguous route. Eéfly atfempts at synthesis
were'based‘ on.a mode of biogenesisithat was presented by Robinson4. These
eérly postulatés have been modified to meet the needs of the systems involvéd,
but as yet very little work has Been done to actually find the intermediate steps
in the plants' syﬁthesis of the opium alkaloids.,

Prior to 1939, the separation and identification of intermediate com-
pounds in 'photosynthetic plant processes was an almost impossible task using
the classic.al methods of analysis theﬁ available.  Despite the effo;ts ‘of
manyaBle investigators, it was not until _the advent of tracer-element me-
thods of following the mechaﬁism of éarbon,aséifnilation that any instrumeht

showed promise of opening the door to this vast field of knowledge. The first

work done in the field using this new tool was that of Ruben, Hassid, and
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KamenS, who reported a method of tracer-element technique using Cll

©2
in following the mechanism of carbon.éssirnilation_ in barley plﬁnts° This
early work was still harﬁpered_ by two major factors. One was the short.
half life ofbcarﬁdr;—.lll'- which pr’e_clﬁded sep.aratio’;l' procedures requ1r1ng long .
times. The other difficulty v&a.sythe .lack of ‘s.uitabl"e.fnevt‘lr‘l::odvsv for .sénpara'ti‘ng_

the cémpléx mixture of én.at‘efialsfound-in the plant, 'Tﬁe firsvt.‘divff‘riculty was
overcome by the ldiscoirery that the radioactive ca.r-borj1—14€ iso’i:ope could be
made by an.(n, p) reiactic.m frorh N14 and it ‘bécamevlﬁo»s.é:ible‘ fé-produce cl4

in quantities Which were.adequate for biologi¢31 tracer studies fiﬁrough the
developmeht of ﬁigh neutrbn fluxes iﬁ nuclear reactors. .

It was the rediscovery and de\}elopment o.f an lold._précess‘ first repor-
tevd by the Russian bot‘anis.t ’I‘S\':veltt.6 tha"c heli)ed in the -deVeloment of méthods
of separating complex plant matérialé, Tswett was the 'fi'fst to bé aware of
the gre;at pos&;ibilities of chrénﬁatography otﬁer than just a rriéans of filtra-
tion vthr‘ovugh fineiy divided adsérbénts. Partiti;)‘n éhromatography on silica
gel wa‘sv.introduéed by Martih and Synge? in 1941 . P}ape_rv Vchrorn.atography was
firét descrfbé;i by Consden, GOr’déﬁ,' aﬁd Ma'rt-ins -ifr -19:440- It waé the cérh—
bination of c-14.‘is_otope ‘tbracler te;chni,que‘s and chro:rn_atogr>aphy that opened the
aoor to the vast field of .knob.wlledge concerned ;r;rvith 'plant photosynthesis.

-I.n 1950 McIntosh, Kelsey, aﬁd Geili-né9 reported fheir findings in -

growing the opium poppy under 01402- in order to obtain radioactive morphine

hY

for metabolic studies. They were not interested in the mode of biosynthesis
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of the morphine but only in obtaining radioactive morphine.

The intent of this present study was to grow the opium poppy under

J

. chamber had to be constructed and a method developed for thé separation

and purification of the small amount of each alkaloid found in the poppy.

Fs

Also, a means of degradation of the various alkaloids had to be developed

_in order to find the centers of highest fadioactivity in the various alkaloids.
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DISCUSSION

Description of the Opium Poppy

The opium poppy, Papaver somniferum L., belongs to the Papa-

veraceae fémﬂy. " The 'Pa't:p.averaceae famiiy is dicotyledonous, dialypetalous,
‘and superovaried, The family itself is of a sivn:lpleAclassificatibn, This is
not true of its internal classification. The "n'umber of genera .and fhe num -
bér of species within each genus vary according to botanistslo°

Much work has been done in 6rder to find which plaﬁts coritain alka-
 loids that come under .national and international control. With the exception

of the alkaloids, protopine, cryptopine and thebaine, none of the alkaloids

of Papaver somniferum is found in any other p.lant., Farmilio, Rhodes, Hart

and Taylor11 analyzed 25 species (subspecies or varieties) of poppies

closely related to Papaver somniferum by a method which they de ecribe

in their paper. They found that only Papaver somniferum and Papaver seti-

- gerum (a wild species of poppy of Western Europe) contain morphine.

:Since Papaver som‘niferum is a cultivated plant and has been grown
commércially over most of the world from latitude 56°N. to the equator,
it is natural that many variations would occur, according to the varied cli-
mate and soil conditions. Also many hybrids have been developed by inter-
vention of man through cross pollination which brings about many' distinct

varieties.
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With this thought in mind, it should not to tob startling to find that
the opium poppy has varieties that are so different from one another that
at first glénce they would hardly be thought to belong to the same species.
rI‘vhe flower may be single or double and the petals either'plain_or fringed.
The petals may be white, pini(, lavender, .red, purple, or violet, or various
combinations of these. The see.d.s may be black, brdwn, purple, pale or dark
blue, gray or slate colored, red or-pink, yellow; or-white. There is very
little connection between the color of the seeds and the general color of
the flowers; possibly more between the seeds and the color of the spots at
the base of the petals as to thefher light or darklo. The capsules may be
of different shapes and no relation can be detected between the shape and
the alkaloid content. Oﬁ the other hand, when the latex is being collected
by means of incisions in the pod, some shapes are easier to incise than
others. The capsules may be eiit}.ler open or élosed and there are as many
as two, three or more capsuleson each plant. The plant may vary in
height from 30 to 150 cm. or more when fully developed. The ;s_temsbrnay

be glabrous or hairy and the leaves may have various shapes. }2

Buf the
one thing that you can say for all of them, no matter what the shape or
color; they all contain mgrphine to a greater or less degree°

Since the poppy adapts itself very well to different types of soils

and climatic conditions, horticulturists have succeeded aftermany years of

trial in developing varieties that are well adapted to the soil and climate of
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a particular region. Efforts have been made in developing closed capsule
varieties in Turkey, for instance, since the morphine content is generally
two or three percent higher in this variety than those with open cap'sules1

.This may be due to leaching by water.

" Cultivation of the Plant

The 0piﬁrh poppy will grow under lvar'yi.ng conditions, but éannot
endure e’xfremé cold. In a col_d climate the 6pium yield is greatlly reducéd.

The humidity affects the yield to a grea;c extent. In damp climates it is

“attacked by .the perr.los_lpora aﬁd other plant diseases:, For 6piurn of extraction
of alkaloids ffohri the., chaff, it is best to grow the Qoppies in a dry region
‘where they can be irrigated, sincé the rain.may leaéh the morﬁhin‘e out of
the dry capsules. The'popfiy is sensitive to wind ﬁecéuse fhe cépsﬁle is
réorﬁparati\;ely heavy and rﬂay be blown dowh by the lf’orce of thé Qindlo.

" For the best results the soil should be a g’oéd loafﬁ, and fertilizing is ad-
'visable',? In the .early stages the ground 'shoul‘d(tl)e kep:t ‘we‘llihoed :tvo prevent
the weeds frlorn'compet"lnglélf.‘ |

The poppy is an annual and méy be sown in Ez‘zlutund.n or spring, the
determining féctor being the. c‘limate, The rﬁost ifnpoftant point is f;he
alternation of thé rainy and the dry period. fn POPPY growing areas the
sowing time mvay therefore begin‘ .in:Se_ptemBer.‘anvd ,ébntihue until April; but

the a.u;tuinn.poppy runs gré.ater risks than the spring poppy if the winter is

-
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severelo. The poppy was grown in California pfior to 1944 for its seedlso

The growth of the opium poppy at Hoxey on the Isl_evof Axholme‘14 for
the seed's oil is an example of its general cultivation. Seeds are sown at
the end of February using a carrot drill, with about two pounds of seed per
acre in rows about one foot apart. Later the .young plants are thinned to
about five inches apart. The plants flower about the beginning of July and
the capsules are ripe enough six to eight weeks later for the oil to be ex-
tracted froﬁl the see‘ds.

Germination requires about two to three weeks. About a month
later the first four leaves appear, and about two or three weeks later
the stem begins to form. The plant reaches full development ih about two
months. The flowering season varies according to the climate, the sowi‘ng
date,and other conditions., The plant flowers by day. The floWers last
30 to 40 hc;ulrso After fhé petals fall, the capsules continue to' grow and are
ripe in about two weekslo‘. It will be noted that thé ripening davttev is differ-
ent, dependiﬁg on whether. the plant is grown for its seeds' oil or for its
alkaloids. Guillaume and Faure16 state that the oil content of the seéds
increases as the mofphine content of the heads decreases..

Larvae of insect.sv, such as fhe beetle, locust, spider, mite, etc.,
which destroy the roots, leavesg and capsulés; a're.its natural enemies. A
light dustiﬁg of the planté .with Cavlifornia Spray.CHerﬁicals Ortho brand

Rose Dust has vbeén found to be effective in control.ling powdery mildew

and small insects.
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When the capsules are ripe they may ba incised, allowing the latex
to flow from the husk of the capsule. This dried latex may later be collected.

This is the method in use in countries where labor is cheap. Australia,17

uses a harvestiné method whereby the tops a?e-.chopped off and the alkaloids ’
are ext;'acted from the crushed ca_.p.sules and_.stems.,

Geiling9 and associates have grown the poppy in carbon-14 labeled
CO; to produce radioactive mérphine with an activity of 84 x 10‘.?’- d.p.m./mg
orf morphine.

Prior to 1955 all of thé investi_gations concefned with the growth of
the opium poppy were those in which conditions were found for be.st growing
the poppy outdoors in aAcertai.n_cl.imate. Mikals_txfied to resolve the diffi-

19, 20, who were

culfies encountered by those at the Univer:sity of Chicago
trying to prepare radiocactive morphine. He made an attempt to correlate
the_grow‘;h and devevlopment' and morphine content of plants. érown under
usual grgenhouse conditions with fchosé of plants grown undef--controlléd
temperatures and photoperiods. He found that the totallmorphine, content
was apparently increased by low night temperatures. His plants, grown at
65°F da}yv.temperature Vand 480 nightvtemperature, contained the greatest
total amount of ﬁorphine as a result of increased dry weight production.

He found that for his poppies the following culture conditions are

indicated for optimal production of morphine in biosynthesis studies: . -

4
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"After germination of the seeds at 70-80°F, seedlings are grown on an eight
hour da;r a'e 60‘—70°F; ‘ut‘iliz'in.g naturalv's'unéli'ght., Indueti_en of'flowering occurs
as a reselt of .expoeure to fOuI;teen-,IS-heer a.eiys"et 60°F when thirty to thirty-
five leeves.have fof.med., ‘Floral. induetiori.and ‘totéil'leaf number are deter-
‘mined by microdivsectiovn,v Plaﬁts are then transferred to the bviosyhthesis
chamber, | thch is fnaintaiﬁed on an 18—_}’10vur day at 60-65°F, Suhlight is
supplemented by'twel've 4:10‘-watt G.E. Deluerarin White lafnps mounted
inside the chambef, Radioactive ‘morph‘ine.lvs‘/ivth a epeciﬁc acti\‘zity“of 0.5 mc
per.gram of ca.rvbon ‘has been obtained from Yuma poppies treated in this
manner,”FOr e more complete diseussioh of hAis werk, his paper should be

consulted.,

'~ Alkaloid Content of the Opium 'I.’oppy | ,

"Many different analyees haveﬁ been made on fhe dried latex (or opium)
of the poppy.. Fultonlo gives a summary»of many findings up to 1944 on the
alkaloid content of the plant and its opium.. The Pharmacopeia. of the United
States XVZ&1 states that the dried opiuxh should contain not less than 9. 5%
of anhydrous morphine, and gives a d_escription of the material as it is re-
ceived commercially. . It also lists a method of analysis for morphine content
in opium. Henry22 gives a list of references to papers ?ublished in the twenty.
years prior to 1949 on the estimation of morphine, arranged under the follow-

ing headings: '(a) opium, (b) galenical preparations, (e) poppy plants (poppy
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straw and poppy heads), (d) preparations of morphire, (e) biological mater-

‘ials." In Table I are listed what Fulton!®

considers as the range of percen-
tages of the various alkaloids found in opiurh, He states that thg alkaloids
vary so independently of one another that the averages are often (meaningless.

He lists the other alkaloids that are present to é smaller degree as
being .porphyroxine, meconidine‘, cryptopine, protépine (or. fuma;rine),

. ' pge_:udomqrphine, ‘ codé.mine, laﬁthropine, laudanine, iaudanidine (1-lauda-
nine, tritopine), laudanosine, oxynarcotine, gnoscopine (dl-narcotine),
hy_drocotarnine? neopine, papav.eram ine, I;aéaveraldine (xanthéiine), and
narcotoline, -

The alkaloids of‘ the plant are the safne as those of 6pium, since the
opium gum is the dried latex of .the poppy plant, except that some of the
minor alkaloids which occur o'nlﬂyvtcs a small extent may be formed from the
major alkaloids by air oxidati.on.

Schnﬁd and Ka.rrerz3 examined the water-goluble material éf the plant

after the alkaloids had been extracted. They found:

p-hydroxybenzaldehyde p=hyvdr;)xybenzoic acid -
vanillin : vanilic acid
p-hydroxystyrene - 2-hydroxy-cinchoninic acid
fumaric acid :  phthalic acid-

dl-lactic acid ' - hemipinic acid
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TABLE I

. MAJOR ALKALOIDS FOUND IN OPIUM AND APPROXIMATE

PERCENTAGES OF EACH

MORPHINE TYPES
GHs
N

AN

HO ,
OCH; No
. Morphine =~ "~ Codeine  Thebaine

(3 £ 23%) .4 (0.1 - 4%) o (0.1 - 4%)

BENZYLISOQUINOLINE TYPES

CH,4 AN
Q/v Narcotine
(1 - 11%)
Papaverine .
(0.1 - 2%). OCH3 ]
3 OCH;
o O  OCHj;
e \
/ /\

N(CH3),

Narceine
(0.1 - 1%)
HOO ' ]
\ CH3 t



82
benzoic acici ‘ ‘ m-hem1p1n1c ac.ié.
p-—_hydroxycirinémic acid B mec':onin
and a higher unsaturated carboxylic acid ''J", and four -
unknown subS'fénces, "EFx', Q" Wx'", and an odorous

material.

Morph:i'né ébntent of the Plant duvx;itx;g;-“Grvowing Period .

v -.Poe‘thlke and Arndld24 )studiedb.the morphine cc;nitent._of the plaht
durihg the growing period. Tbe made :(‘Dbsefvation-s over a peri;)d of years
on various varieties,i"'They:found ’.che. follo.wing general percentage contents
in various parts of the plant during the growth cycle {(and provide their
results by means of graphé that are readily understood):

Roots:
young plants —— 0, 34 to 0.45% (0.39% a\;erage)
old plants -- 0.09 ;co 0.19% (0.13% averagev)
The morphine content decreased’fairly regula}'ly
with growth. |

Leaves:
The morphine content in the leaves increased with growth
until the time the buds formed. At thét time. the leaves .
had a morphine cqntenf of»O., 10 to 0.24% (0.20% average).
The morphine content ﬁhén ciécreased vto 0.03 to 0,05070

at the tire of harvest.
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Stalks:
At the time of bud formation the morphine content lin the
stalks was 0.14 to 0.34% (d. 25% average). This content
increased to 0.34 to Q,49‘70 (0,42% average) at the _ti.rne
of’the formation of the green unripe capsules. Content

' then rapidly decreased to 0.08 to 0. 15% (0.11% average)

at t.he time of harvesting.

_‘Cap5ules':
The morphine.c‘ontent seemed to vary du;'ing the differ-
ent years according to the weather. All plants in 1949
showed the highest morphine content in the fully ripened
.(brown) capsuleé, 0.38 to 0.40% (0.386% average). In
1948 the higﬁest content was in the half-ripe (green)
capsules, 0.39 to 0.60% (0.513% av-e_rage),

25 reports the morphine content as being 0.25% for the unripe

_ Fu‘chs
capsule; half—r:ipe capsule, 0.4%; and fully ripe, 0.3% (and no alkaloid
cont'ent in the seeds).

Hillsl7, of Australia, determined the percentages of morphine
in the capsules of various varieties after the time the petals had fallen.
He found that the percentages were higher just after the petals had fallen,
but that the capsules had not yet reached their full weight. He found that

the husks of the opium poppy increased in dry weight during the first two

Ve
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weeks after petal fall, and then decreased 10% during the third and fourth
weeks. The absolufe- weight of-the:mbrphine reached a maximum sometime
after the 14th day after petal fall, the exact stage being .dependent on sea-
sonal conditidns and uponvthe variety.. Also, the morphine was concentrated
“in the upper haif of the stem, and decreased é.pproxirr;agely in a geometric
progression,i.n successive sections from the base of the capsule downwards.
. | | 26

. Kussner is quoted in Chemical Abstracts

as saying that the ''total
alkaloid content seems to be a hereditary immutable property.' He investi-

- gated and cultivated nine different varieties of Papaver somniferum. Two

variet’ie‘s, Prof. ]f;‘reudl‘s,Liebwerder blue poppy and Dauber silver poppy,
had a reported yield of 116 and 114 g, 4c>)f seed-free, dried cépsules per

Q. rﬂeter; aﬁd 0.471 and 0.440 g. of morphine per sq.meter, respectively.
HenryA22 reporting on the.samé work of Kussner, reports that from seven
commercial varieties grown in pl'g:ts of 50 sqarr}eters, the vield in grams

per sq. meter were

seeds: 141 to 200 g.
capsules: 65 to 116
- morphine: - 0.123t0 0.471 g.

:

nonphenolic bases:(codeine, thebaine, papaverine, narcotine,

etc.)r 0.043 to 0.131 g.
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Alkaloids of the Opium Poppy other than Morphine

' »Korb'osch27, over 35 years ago, made one of the most thorough
studies of the alkgloids in the plant-during various times in its growth
period. gMos-t of his'results wefe oAnly qualitative, buf in each case a
positive a.nd,suré identification was made of each alkaloid. In the young
plants ‘of the variety ”Smyrna. dunkel'' narcotine could be detected after
12, 16, 20, and 25 days gro;;vth, Plénts older than 30 déys (32 to 42 mm.
long) also contained codeine: Those older than 36 days (5 to 7 cm. lbng)
also contained papaverine and morphine. Thgse four. alkaloids were also
found on the 38, 44,48, and 51st days of gréwth, In an analysis on the
52nd day-(l5' to 25 cm. long), narcotine, codeine, and morphine were
found in the roovts;-a'nd narcotine, papaverine, codeine, and morphine
were found in th.e leaves and stems. Pkaﬁts, grown from seed from the

Hagge & Schmitt of '
firm of/ Erfurt, contained narcotine, codeine, and morphine when they
were only 21 days old and 4 crr# long. He'summarizes hié fihdings
by stating that: ’

' N,avrcotine and a small amount.of amorphous alkaloid was
present as a mere trace in the ripe seed. After three days
growth,. narcotine_‘ contert was _~foundv.to increase in the small
sprouting seeds.

The’ alkaloids appeared in the following . order in the plant:
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narcotine;' codeine, r‘no‘rphi’ne',.‘ papave’rine,"v‘farid thébaihe.

" The blooming plant contains 'n'arcotih'e,, papaverine, codeine,
and morphine in all its organs, except the stamens, up to the
time of .maturity,

The appeé.rance of the milky juice was not the same in all
parts -of the plant. |

The grown plant contain‘éd n’afcotine, codeine, and inorphine
in.ail itsb organs.

Seeds which were germinated in.a nitrogen-free ground also
form kna".rcotiné.

The narcotine which was de\}e‘.loped by the sprouting seeds
originated froih‘ the seed's protein l;eserve_.

'Narcotine was present in the very young plants in a fairly
large amount:. The amount was much 1arger’ in the flower bud than
in the unripe seed capsule.

, Italie28 r.»leported findihgs similar to Kerbosch, but he stated that
the order of appearance in the plant is narcotine, codeine, morphine,
' papaverine', narceine, and thebaine. (Kerbosh didn't list narceine in his
findings.) In one 'Varietyr'that he studied he detected an amorphous alka-
loid, codeine, and morphine in plants 3 to 3,5 cm. long (15 days old).

Twenty different samples of opiumi of different origins were tested for
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narcotine, papaverine, narceine, thebaine, codeine, and morphine. Narco-
tine was absent from French ""Bernard" andl"Leyden bléck poppy' opiums.
Papaverine wa-s absént from two types of ”Bengél” opium and was also
not found in ""Patna' and "Benares" opium. The other four alkaloids were
detected in all samples. (Could this work by.Italie be the.same a.s that
rép(:;rted by an Italie?? in 1910°?)

The seec"ls of fhe poppy have been exarnin@:l quite a number of times by.
U.S. Treasury cherr;ists and no morphine could be found in them. They con-
tained mere traces of basic mé.terial which could not be identified with the

alkaloids known in opium. 0

Biogenesis of Opium Alkaloids

The first attempt at a mode of biogenesis after the verification of

2, 30 was by Robinson and Sugasawa4.

the Gulland and Robinson structure
They suggested a mode of biogenesis involving the union of two aromatic

nuclei of a base of the laudanosine type of benzyltetrahyd roisoquinoline

~ structure (I).
CHo CHj

OH

CH30

(I-A)
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From (I) there are four different possible ways for the two aromatic
nuclei to unite. From (I-A) there are two aporphine type bases and from .
(I-B) there is the possibility of sinomenine and an isomer of sinomenine.

{The three previous types of compounds are known to occur in nature, but

3]

the isomer of sinomenine ha‘sv no'.c. Beéﬂ is'(slg‘ted.)
This structure (I) could afiée ff;m t\.x}o fnoles of 3,4-dihydroxyphenyl-

alanine'(I.I) wbi-ch -cowuld, i>nvpa1>'t, | bé. co‘-nverted £0 3,‘4-dihydroxyphenyl-

a_cé’taldeh.y‘de (I1I) and‘ also foﬁ—.(3, 4-dihy(iibro-xy'pheny1A)fethylamine (i),

and these two fragments later uniting to form (V). At what stages the

N and O methylations might occur is not kﬁown'4’ 32‘.

CH,-CHO
HO

HO - NH,

(11) o (111) | )
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The biogenes;s of thebaine may go by this same type of route as is
shown in (VI) to (VIII), but the 'isoquinoline precursor (VI) has an
arrangement of substituents not found in nature and would reqﬁiré two

~ different fragrhents as compared to just one in structure (I).

?H3 . o (|:.H3
N
/___/ )
/' N\__oH
CH,0” H CH3

~N
CH30 OH HO  OCHj3

o

(VIII) Thebaine ' , ' “(VII)

. For this re'asoanobinson_and Sugasawa4 suggest the following possible

route:

(VIII) Thebaine

0.CH3y
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In this case (IX) might be mgde in a manngr similar to (I) except
that ring closure would have to -tafke plaée ortilo to the‘ Oﬁhinvstead of para.
Attempts to follow experimentally this methodto.f conversion of laudanosine -
type bases’to bases of the aporphine and rr;orpl;ine series have met with
faiiure.

Spath and Berger34 in 1930 pre_sented a scheme for the '"biogenesis"

of papaverine. Briefly it is as follows:

_ CH30
CH,CH=CH_ ﬁHZCHO \
i .
Ozone CH3 Hp CHj3 /\‘
OCHj3 » : OCHj ~ CHj3 +N
CHj ‘ OCH3 : _ ﬁH'
CH2
CH3O 'Dichzo OCH;3
- o » OCH3
CH30 | € CH30 H '
o
CHz - . CH,
OCH; OCH;
OCH3 -
3

A more recent approach to the ‘biogenesis of morphine has been

Ky

' presented by Schopf35 who starts with the enol form of morphinone (XIII).
A3

Methyiation of the enol would lead to thebaihe (VIII). From the enol one



91

could get morphinone - (XV), which could be reduced to morphine (X), which
.could be methylated to codeine (XI). Also neopine (XII) could be made by

1, 2-ketonization of the enol followed by reduction and methylation.

GH3 S fH3

. f

N\

Methylation

CH3 N o CH;

(VIII) Thebaine

XV) M hinor
(XV) orphinone 2 [1]
b

2] | cu | | - '
B ? 3 ‘ o . j/ Methylatiom
‘ ‘ C

—\ (X) Morphine

o> o

.. Methylation J’

HO

OH
(XII) Neopine
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Schop believes that (XIII) could possibly result from the oxidation
of 1-(3":4": -dihydroxybénzyl)-6-hydroxy-2-methyl-tetrahydroisoquinoline

(XV1) by the fblloWing' route:
(‘:H3 I

HO

HO

H ]
The basis of this ring closure was proposed on.the basis of the pre-
sumed oxidation of-p;cresol to the ketone (XVII). However, Barton and

his co—workers36 have since shown that the product of bxidatli‘on of p-cresol

has the structure (XVIII) not (XVII).

(X VIII)
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Bentley37’ 38, however, proposed a mode of biogenesis of thebaine

(VIII) fror;u laudanine (XIX) via ('XX), which méy be IformedA directly ar via
(XXI); closure of the oxide bridge is representéd as the allylic expulsion
of methoxyl from .poéition 7 (XX). Migration of the 8:14 double Bond of
(XX) woulii givé (XXII), in which this type of expulsion could not occur, and
hydrolysis of (XXI) would then afford sinomenine. Iﬁ this manner, con-
cludes Ben‘tley,. theb.aine (and from it thecother morphine ‘;ype alkaloids)
and sinomevnine could arise frorﬁ the ‘two enantiombrphic fdrms of laudanine.
¢H3
N GHs3

ﬁ N\

s (XX1I)

(VIII)
1%1 3
/S

-"——N CHjy

CH3 OH Yo

Sinomenine
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As an analogy; for the expulsion of the group deiaicted in (XX),

Bentley cites the formation of (+)—dihydroco’d'einorié (XXIII) from dihydro-

sinomeninone (XXIV) in. acids.

(XXIII)

ETE g :
. Cohen 9 describes a somewhat different approach to the biogenesis

of the morphine type alkaloids. This is outlined in the folloWing sequence

of reactions: -

Oy
Y /(7 o

H OH “OH ‘ nd  on H




CHjy

— Reduction
=) ——
2) Dehydra- -
OH tion

/
HO

‘Morphine
i

Battersby and Harper4o, in trying to show a connection between

‘ghe amiﬁo aqids and morphine alkaloids, fea planté with d\;Cl‘L-DL-
tyrosine énd isolated the m.ajor alkaloids. They diluted the morphine
with iﬁactive ’mo_r_phine, which was further purified as the picrate, and
finally had aA‘constant actiﬁty‘_of 429, 000 disintegratipns per minute per
~millimole. |
The morphine was converted to codeine methyl ether methiodide
which yielded o\-codemethimne methyl ether i:)y Hofmann's method. Re-
| duction of this base to tetrah)}drocodeimethine methyl ether (XXIV), follow-

ed by further Hofmann degradation, gave completely inactive trimethylamine,.

.CHj3
9 /\I\ 16 o
: _ ' ~ _N(CH3)
—
‘ (XXIV)
OH \NOCHjy

Morphine

N-OH + CH,O :
' CH, + N(CH3)3 -
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together with the rno‘rphenol derivative (X!XV).‘ This wa._s‘ 'hydro;cylated
(és.rnium. tetréxide) and clevave'd (periodaté_) to y}eld forrhaldehydé isolated
aé fhe dirﬁedoﬁ_ derivative and the main bulk‘.of‘ fhe molecule as the oxime
_(XXVI5 s TheAdirn‘ed>on deri\}ative haci a spe‘c:ifici aétivity of 200, 000 disinte-
‘grations per minute per rr'xillirnole, and the activi£y of the oxime was
202,000 disinfegrationé per rninute.pel.' millimole. These results would '
tend to dhow that half of the activity of the original morphine is located
in position 16.

This would be consistent with such a .general scheme,as'follows:

H
COzH  NHp HpN COpH ,

-pnorphine : -
€  ©Position of labeled atoms
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Sivnce half of the activity is found at positon.16, you might expect
the otiler half to be found at position 9.

Indep}ende_nt_,experiments by I_;e.ete41 corﬁirmed the results found by
Battersby and Harper. Leete fed a(—C.l4—DL-phenyla1anir_1e (0.12 mc, 44.7
mg.) and 0(-C14—DL tyroSine (0.10 mc, 46.5 mg.) to poppy plants growing..
in an inorganic nutrient solution,‘_The plants were three months old and
the flowers were just opening. The planté were harvested after two weeks
when the capsulés had formed. The morphine waé isolated without dilution
and had a specific agtivity of 91,‘000 and 595, 000 disintegrations per minute
per millimole after feeding thevphenylala‘nine and tyrosine, respectively.
Half‘ of the radioa‘_ctiv‘ity of the morphine derived f»rom the pla.ntsI fed the

!

tyrosine was removed when atoms 15 and 16 were taken off. _

The most interesting aspect of the work by Leete is the ;fact that
he reports how much radiocactive tyrosine and phenylalanine he used in
his expériménts. But unfortunatély he does not mention how many plants
he used or how much morphine he isolated. The phenylalanine he used had
a spe.cif,ic‘ a_ctivityvof 975,000, 000 disintegrations per minute per millimoie
and the tyrosine had one of 860, 000, 000 disinfégrations per minute per
millimole. This would indicate that less than one part of ty.rosine in 2,900

- was converted to morphine ‘and less than one part of phenylalanine in 21, 000

was. converted to morphine.
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'If tyrosine or phenylalahine alrel to be considered as precursors of
morphine in 'the plaht, this 1;nethod of op"eration does riot show theém to be s
very efficie'nt-prevcur'sérs: of morphine. Thlis.r'nay only represent a detoxi-
fication mechanism that is being used by the plant to rid itself of a small
part of the tremendous excess of these amino acids. It would be interesting
to see just to what the majority of the tyrosine and phenylalanine was con-
verted.

Battebey- and Harper42 also fed methyl';C.lé;—L-methionine {0.223 mc)
and C14—1abeled sodium formate (0.1 mc) to growing poppy plants, The alka-
loids were isolated and thé. N-methyl groups were cleaved separately from
‘each alkaloid with hydriodic acid and the liberated methyl iodide was col-
lected as 'tetramethylammbniurﬁ Reineckaté;.‘ They show the following acti-
vities for the methionine experiment:

Activities in disintegrations per minute
per millimole x Q-2 '

,‘Alkaloidv - ,N»—m_e . .O-me . Total N-me and O-me
Morphine 6.5 3.6 o 3.6,
' Codeine 11.9 4.4 5.0 9.4
Thebaine . 9.3 2.1  2.,.3 : 6.7

The alkaloids from the experiment uéing formate were of a low

specific activity, indicating the plant used formate less efficiently.
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Even the experiments using the methionine »indicé.te» that only a small
percentage of the radioactivity from the methionine actually reaches the alka-
loids. Also, some of it reaches it in suc};,a way that it is incorporated into
otiler portions of the molecule rather than just the methyl groups.

Itis possible, however, that a.srﬁall portion:of the radioactivity from

the methionine found its way to the site of the méthylation of the alkaloids.

‘Literature Survey of the Paper Chrom atography of Opium Alkaloids

The paper. vc'hromatogr‘aphy of various alkaloids has been reviewed by
Munier43. . This review .coverbs most of the work that had been publis.hedvcon-,_ .
cerning the chromatography of the opium alkaloids iﬁrior to 1952, Other re-
views concerning chromatégraphy of alkaloids in general are those. of

5

Lederer and Lederer449 Vega4 and Brauniger . The use of paper chromato;—

graphy, as applied to dbrugs and pharmaceuticals, has been reviewed by

47 48

Jung and Jacek®! and Nauman®S. A recent review on paper chromatography

of alkaloids is that of Bettschart and Fluck??.

Mﬁnief found that the methods usually e;nployed for the chromatography
of amino acids were rarely applicable to alkaloids. He found that alkaloids
with a pKa“b_etween foxir and eleven give elongated trailing spots in neutral
solvents. The use of basic sélvénts; generally, gives good .roimd spots,

but the RF values are usually near one. By using a suitable acid solvent,

these diffi_éulties,,can be overcome. -
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This techniq_u'e," however, did not solve. all the problems associated
with the chromatog:r;aph}'rb of ceftaiﬁ_é.ikaloids,_' The RF values of morphine,
codeine, and thebaine, w‘hen,chromat.ographed"on Whatman No.. 1 paper with b
n-butanol:acetic écid .( 70:30 v/v, satﬁrat'ed with Qv’éter), &ere 0.66, 0.75, »
‘and 0. 86,. respecti‘\}evly.‘ ‘Under these conditions, the spots are very close
and in most c-:asesvov.evr.lab.pping». ._ Munié;‘so found that by i'mprregn‘é,ting paf-
ticular salts in the paper, the RF values could be greatly changed. The use
of paper impregnated w_ifh é salt haVirg; the same anion as the acid in the
~ solvent phase improved the separation.“c’l

RF Values

Paper: Durieux 122

System 1. 2. 3. 4, 5. 6. 7. 8.
,.Mo'rphin_e - 0.43 0.13 0.18 0.49 0.58 | 0.63 0.48 0.54
. C_odeine 0.58 0.22 0.28 0.61 0.»70. 0.74 0.60 0.61
Thebaine 0.78 0.52 O,'SZ 0.86 .0"85 - 0.87 ©0.77 v‘ 0.80
Narcotine 0.96 0.§1 0.89 0.94 0.93 0.93 0.88 0.89

Papaverine 0.95 0.91 0.88 0,94 0.92 0.92 0.88 0.90
potassiurn dihydrogen phosphate
1. Paper dipped in 1 M. /\ " and dried. n-Propanol:water
(75:25 v/v) was employed as the mobile phase.

2. - Paper: 0.2 M potassium dihydrogen phospha_te'. ,

‘Mobile phase: n-propanol:water (75:25 v/v).
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3. .P,aper: 0.2M potassium dihydrogen phosphate.
, Mobille phase: 2% butanoljsaturyated viri'gh water.
4. Paper: 0.5 M potassium chloride.
Mob‘i_le phase: Zo/th/(%iIioi%hg)—%{)ift:rﬁf(s_aturated w_ith water).
5 , Pa_p‘e_r: 0.2 M sodium acetate.
Mobile phase: 2% acetic acid in n-butanol saturated with water.
6. - Paper: 0.2M vsodium acetate.
Mobile phase: 4% acetic acid in n_—butanol saturated with water.
7. . Paper: 0.1 M sodium aqetate. ‘
Mobile phase: 2% écetic acid in .n_—butan‘ol sa'gurated with water.
8. ' Paéer: O.V‘;l _1\_/[ sodium acetate.
Mobile phase: 4% acetic acid in n—butanpl s.aturate‘d with water.
. Sincve Munier's work using paper impregnated With,various salts,
others have tried vafious other syst_erns.“Bclettschart‘ and Flﬁ'ck49 have
separated movrphine, .thebaine, narceine, and codeine on.a phosphate-
citric acid buffer paper of gl 6.8; fapayerine» and narcotine on a pH 3.8-4.1
buffer paper, using ether.
.B{_{chi and Sc_humachersz use Whatman No.. 1 paper buffered at
pH 3.5 and ,isobutar;pl:-‘goluene (1:1 v/v') satur’ated with water as the.mobile
phase. They report the following Ry values for morphine, code_ine,

cryptopine, thebaine, narceine, papaver_ine, and-na_rcotine: 0.03, 0.09,

0.15, 0.39, 0.47, 0.76, and 0.86, respectively.
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53 - ' : - .
Curry and Powell”~ used Whatman No. 1 paper dipped in 5% sodium
dihydrogen citrate and dried. As the mobile phase they use the top layer of

a n-butanol:water:citric acid (50 ml.:50 ml.:1 g.) mixture, Their main in-

térest was in separating é.vlarge ‘number of bases fc;r toxicological examina-
tions. Their results for various 6pium alka.,h')id's‘ do not look too good as a
vmelthod of sepa'ration.. Th'e:'RF values éf morphine, codeine, narcotine, and
pa,paver‘ine are reported as. 0.14, 0. 1.6, 0.47, and 0.48, respeétively.

Suri54 'i'eports using 0.. 5M phospha.i:evbuffered paper with butanol
or isopropanol solvents with fairly good.seiaara'tions achieved. Unfortun-
ately,I the abstracts fail to list: the pH_of the phosphate buffer.

A method that shows considerable promise is that of Krogerus and
Tudermanss. They deviéed a twd—dimensioﬂal p'ape'r. chromatography
ﬁsiné 1/1 M KH2P04__'paper, aﬁd first ch‘r.orfiat.bg'ra'phing'; with amyl alcohol,
f.or‘rnic acid, ‘wate.r (4100:1.8:4“v‘/'v) mixtﬁre,' ‘followed"by isopropanol-water
| ;61utior;,(75:25 v/v). Théy repoft that negative results were obtained with
several alcohols when the péper was treated with potassiuxﬁ chloride instead
of wi.th potassium dihydrogen .phosphat_e.b, Likewise, ihadequate iesults were
.. found with treated paper when ot.her acids were substituted for formic acid.
.‘-The same was tr‘ue \*}ith a number of other v'va.ter:a';cid (acetic, hydrochlor.ic,

formic):alcohol (bufanol, isobutanol, sé¢. butanol, isopropan,o_l,. ~isoamyl

alcohol and a'rhyl alcohol) mixtures. . Only R values are reported for
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morphine hydrochloride, codeine phosphate, and papaverine hydrochloride
of the opium .él_kaloid-s. |

Goldbaum and. Kazyak‘c’6 have used the method of buffereci papers
as a means Qf' identificationv of alkaloids and other basic drugs. Thelir.
method involyes chrorﬁatography on_papér buffered at pH 3.0, 5.0, 6.5, and
7.5. - Comparing the Ry values of one alkaloid at these pH;s with that of
codeine, run. at the same time as a refereﬁce, they are a‘ble to identify
a large number of alkaloids.

, Reichelt>? and Macek, et al: 58 have made use of paper impregnated
with formamide to separate opium alkaloids and other :alkaloids. This is
done using a variety of solvent mixture.s containing chloroform and benzene.

. Consistent RF values ‘are not obtainable, however, since they change great-
ly with the pH of the formamide, the temperature, and the method of impreg-
nating the paper. From the_results of Macek it appears that this method is
one of the few métho‘ds that can 'separate-narcofine and papaverine. One
drawback of the method is that Dragendorf's reagent must be used. On this
type of impregnated paper nearly 100 4g. of each alkaloid must be used to
be detected. The more sensitive iodoplatinic acid reagent fades very ra-
pidly as compared to Dlxv'agendbrf’s\r'eagent. VPerhaps a method of ultra-
violet photography would be‘ more suitable. h -.

Numerous reports have been-pubvlishcrad'coﬂncerning' chromatography

of various opium alkaloids using various solvent mixtures and untreated
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paper. Thies and Reuther" point out that the usual sol-vent mixtures
like but‘anol-aéetic acid-%xl/at'er altrei subjéét to es'tér'ificati.on when stored
for any length of time and .sepératioh of phases Wthh results 'in irregular
Ry values.. o ' . Addlvitiorivc;f. :an‘evst'_er' stabiliz'es‘,‘the rﬁix;ure and allows
s.eparatio-ns which t:he' ac.id-"a:lcoi‘lblﬂlsoiufions dxo“not pei‘mit. For the sys-
tem, butyl acetate:butahol:é.cetic aci.dr.(85:15:30 v/i/), p'apa',x}e-rvine‘an'd narco-
finé have RF x}alues of (v),v57 and 0;70', respect'iv'e:ly.-

61, 62, 63

Asahina and Ono r“eport_ u‘sing the top-layer.of a n-

butanol:ammonium hydroxide:water (50:9:15 v/v) mixture to separate

morphilne, codeiné'9 andha,rcoi:in'e with the fbllowing RF values:  0.68,

0..86; and 0.93, respecfively,
For detection of various opium alkaloids in urine -and tissues,
Mannering,i Dixon, Carroll and CopeZ4 empioyed isoamyl alcohol:a;:etic

acid:water (.10:'1:5)9 butanol:acetic acid:water (.1'0:“1"25), isoamyl alcohol:

ammonium hydroxide:water (10:1:5) as solvents. Others who have used

~.

butanol-acetic acid mixtures to separate various opium alkaloids are

Dobro and Kﬁsafukfv’S, Szymanska and Wasilewéka(’é; and Gore and

Adshea667.

Krogerus,,. et al. 68, 69 have used dioxane:formic acid:water

solutions to separate morphine, codeine;, papaverine, and narcotine.

70

Salversen and Paulsen'" have separated seven analgesics related

to morphihe (morphine included) uvsing ethylf acetate:toluene:acetic acid:

«
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water (100:100:50:50) and chloroformiacetic acid:water (100:40:50).
. Surface chromatography has been used‘ by Borke and Kirch
for the separation ,of,the major opium alkaloids.

Graf and List’% and Burma73 have reported applying paper electro-

. phoresis methods to separate opium alkaloids but that the mobilities of the

various compounds are nearly the same.

Methods of Chromatographic Separation (One-Dimensional)

Two systems have been found that work very well. One is similar
. ,.50 . . . .

to Munier's™ ", using a molar potassium dihydrogen phosphate impregnated
paper and a n-propanol:water (3:1 v/v) solution as the mobile phase. Very
good separation is achieved for morphine, codeine, thebaine, and papaverine
or narcotine. Papaverine and narcotine are not separated. Small, round,
compact, nondiffused spots are achieved by this method.

The other method tried that was found to give good results was

. noo. ' 52 . . .

one similar to that of Buchi and Schumacher™ . Unfortunately, in their work
they neglected to publish the buffer that they used to impregnate the paper
to a pH of 3.5, but.a paper buffered by 0.1 M potassium citrate was found

to work very well. The chief advantage of this paper is that substances that

" have Ry values higher than morphine or codeine are easily separated.

Besides the above general methods.that have been tried there are

those using the top layer of a n-butanol:ammonium hydroxide:water (50:9:15

IS
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v/v) mixtUrel9_21-.'_ These have not been too successful. There was poor

separation and the formation of '"tails''.

. Emplqying dioxane:water:formic acid mixture on molar monopotassium
phosphate paper appears to show promise. Several difficulties, however, we-re )
encountered. Urﬂessvextremely pure dioxane containing no peroxides is used,
the Dragendorf reagent used in spraying the paper quickly fa.des. If iodo-
platinic acid reagent is used to develop the spots, the paper_turns very. dark
and the spots are ﬁot visible. Also, the spots tend to become diffused and
are elongated, if this system is used.

. Preliminary work was started using formamide—dipped. paper before

. . 57 _ 58
the details of Reichelt or Macek, et al.

procedures had been received.
The results that werevqbtained were very poor. It is nearly impoésible, to
achieve r’eproducibie c.hr.orhatograms., With Reichelt and Macek's results
available, this system should be ‘tfe re'investig#ted,_ Acetamide-impregnated

paper was also tried. This has added advantages in that the paper is more

standard when,compar‘ed_to the formamide paper.

~Paper Chromatography of the Opium Alkaloids {Two-Dimensional)

Prior work has shown that good one direction chromatographic
separation of the opium alkaloids can be achieved. One method involved
using a Whatman No. 4 paper that had been buffered by molar pbtassium

dihydrogen phosphate and n-propanol:water (3:1 v/v) solution as the mobile
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phase.

The other fnethod used Whatman No. 1 pé.per that had been buffered
‘at pH 3. 5 with 0.1 molar potassium citrate and toluene:isobutanol:water
(1:1 saturated) as the mobile phase.

| Numerous attempté to cornbine these two rhethods to form a two-
dimernsional method of ch.rom atography have been tried. From these attempts
it was found that Whatman No. 4 paper that had been buffered at pH 4.5
by a 0.2 molar potassium dihydrogen phosphate solution would give good
sepaﬁratibns when tolu‘én_e:isobutanél:water (’l:l satur.ated) Oor n-propanol:
ether:water (60:50:25) were used as mobile phases.

The systems involving ether solvents as the mobile phase develop
very irregular and poorly ée_para'ced 'spot-sA if long equilibration times are
ised. Six to nine hours is sufficient for ‘equilibration.

 Other systems that were tried with varying amounts of'.sué,cess
are outlined in the experimental section. It should be noged, however, that

there is still no good system to separate papaverine and narcotine.

Description of Plant Chamber (Large Size)

- The study of the biosynthesis of morphine by Papaver somniferum,

-using radioactive carbon dioxide, makes it necessary to grow the plants
B [N ’

in a well sealed atmosphere so as to eliminate thé danger of the gas escap-

ing.

HTT
}
L

[
>



108
In order to grow “‘:the plants in a sealed atmosphere, it was ne-
cessary to construct a chamber (Figs. 1 and 2) in which the plants; could
- grow. The plant chamber was constructed of Lucite . in order to permit
artificial lighting from outside the chamber. The chamber is approximately
30x30x30 inches. This size will accommodate nine pots of plants at a time.
Lighting is furnished by two banks of nine, 48 inch, . 40 watt
'iflvuorescenvt lights placed on .oppiosite sides of the.chamber. A bank of
foqr fluorescent lights is suspended over the chamber. These lights fur -
nish a light int-ensity of approximately 600 foot candles at the center of
the chamber. The day length is controlled by a cléck relay.
- The humidity is _controlléd in the chamber by means of a stainless
steel coil thfough yvhich_ cold water is circulated. .The'water is cooled in
a cold temperature bath by refrigeration. Temperatures as low as 4°C
may be obtained with this cold water.bath.
The room i\nbwhich the plant chamber is located has been insulated
_and‘is. cpoled by a one horsepower, two-compressor air conditioner.Both
ofﬂthe\sejcompressc')rs are regula£ed by thermostats. A heating faq, in
series with a thermostat,w is also used so tha,t-.;che' temperature does not
fa.lvl below a predete“-rmined valué»u,. Circﬁlatioﬁr 6f thé. air around the chamber,
during hours whiie the lights are running, is maintained by a 12 inch elec-

tric fan. The temperature in the room is continuously recorded on a

three-day circular recorder.
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Fig. 1. Chamber for exposing plants to C1402 :
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4

. MU—17035

Fig. 2.
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Brown recorder

Circulation pump

Time clock for lights

Ionization.chamber and vibrating reed electrometer

Polyvinyl balloon

Light bank -

Magnetic powered fan
Plant, pot, watering tray, and feeding system
Stainless steel condenser

Condensate catch

-.Access port

Stainless steel floor tray

" Humidity and tem perature gauges

Time clock for solenoid valve

. Carbon dioxide feed loop (shown closed to loop)

Water filled manometer
Condensate collector, barium hydroxide solution’'and
sodalime tube

Fan
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Pressure changes in the chamber, due to temperature énd baro-
metric pressure, are minimized by and expansion bag p'repared from poly-
vinyl chloride. | |

The Lplants can receive water and nutrient solution by means of a
system of watering lines inside the chamber connected to the,source of
the solution outside the chamber, Also; it is ‘possible to allow the. conden-
sate from the dehumidifying coils insi':de the chamber to flow back into
the pots.

The concentration of vthe_ carbon_diOXiae in the chamber may be
determined.spectrophot'ometrically by means of the carbon dioxide's strong

absorption at 4.3 microns.

. Trial of Plant Chamber

Before growing the poppy in radioactive carbon dioxide, the poppy
was allowed to grow in the plant cha.mbe;' in order to determine the condi-
tions for its growth.

On July 16, 1957, seeds of Papaver somniferum, vafiety— Alba, were

sown in a pot and placed in the greenhouse . The seeds germinated on July 2lst |
-and were allowed to grow in the greenhouse until the seventh -of August, when
they were sealed in the plant chamber. At this time there were two plants

about one inch tall.
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Initially the day length was twelve hours and the CO,. concentration
wés 4%. Water (4-6°C) was circulated continuously through the dehumidify-
ing coils. The temperature was regulated in the room at 20°£10C, but the
tevmperature in the chamber reaches approximately 2.4.OC during the period
| when the lights are on around the chamber.

On August 13-14 the CO, concentration was réduced to api)roximately
1% by. flushing the chamber with a stream of air. On August 15 it was noted
that the plants had started to wilf and lose color; therefore, the day length
was increased to fourteen hours and by Augﬁst 20 they had rggained much of
their original color.

On August 26 the plants were fed 50 ml ch a 1% fish emulsion
which appeared to make the plants more healthy. On October'1 tﬁe plants
were ‘approximatenl.y four to five inches tall and. appeared to be doing very

well, exéept that their rate of growth was rather slow.

Description of Plant Chamber (Small Size)

Previously a plant chamber was described which was capable of
holding nine pots at a time. The size of the chamber, however, made it
impractical for small-scale, "ohe-pot growth studies. For this reason a

smaller chamber was constructed (Figs. 3 and 4).
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Fig. 3. Single plant chamber for exposure to C1402 :
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Fig. 4.
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CIRCULATION SYSTEM FOR PLANT CHAMBER
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Fig. 5. Circulation system.
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1

The chamber proper was an 18-inch by 8’— 3»/4 inch'diameter Py-
rex battery j'ar.'. The_.jar was inverted over a 10-inch piece--ofv3/8 inch
Pléte: glass. A seal was achieved byvusing a liberal amount of stopcock grease
between the battery jar and the plate glass. Two 1/2 inch holes were drilled
‘in the top of the batfery jar for the stainless steel dehumid.ifj}ring coil. Two
holes, the same size, were drilled on opposite sides of'the Jjar so that the

- air in the chamber could be circulated through a system cdmposed of a
vibfating reed eléctrofn'efer, carbon dioxide analyzer, carbon dibxide
genér'ator,. and absorpt.ion traps.

‘ _ Thé humidity in the chamber is controlled by means of a stainless
steel coil through which cold watér is circulated. The coil is 6-3/4 inches
in diameter and was qonstrﬁcted from a 10-foot length of 3/8 inch stainless
steel tubing. The condensate from the coil is collected in a tube cup sus-
pended beneath the coils. The cup may. contain sulfﬁric acid so that.a.ny

-carbon dioxide ,absorbed by the condensate_ vis liberated. In the center of
the coil is a rﬁagnetic fan used to circulate the air in t_he‘chambe‘r.

The c‘irculationv‘systém (Fig. 5) provides a means for controlling
and recording tfze condition; inside the chamber. Air from the chamber may
first be cycled through a vibrating reed el’éctrometer‘v&hich_records the
activity in the air from the. chamber. The air can then be run through the

carbon dioxide generaLtor, the bellows pump, and the absorption tower,
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The gas is then returned to the chamber.
Lighting is provided by eight ZOT\xi',atb, '24-inch white fluorescent
l‘ighté surrounding the chamber. A light intens ity of 1200 foot candles
' .\cafq'be' achieved in the chamber. -
The chamber has an air space of approximately 15 liters when it .

contains a seven inch flower pot.-

Preliminary Chromatography of. Poppy Extract

There are rn.any-r‘nethods of separ.ati‘n.g the various alkaloids from .
opium or dried poppy straw. . None cop.ld be founci ‘that employed extraction
of fresh plants. T§v9 planf.s were extra;cted :%nd the/ extracted combined alka-
‘ loids were chromatographed on paper'im:pregna_ted with molar potassium
dihydrogen phqéphate. The alkaloids were easily sepgrated and tiearly

visible when sprayed with iodoplatinic acid reagent.

Preliminary Runs' Using Carbon-14

Four preliminary runs were tried with the opium poppy using a
grow‘ing. period of ‘'six hours in radioactive carbon dioxide. Runs 1,2, 3, and
4 employéd' 2,14,50, and 191 microcuries of radlioactive carbon dioxide, re-
spect'ivelzy.‘ Runs 1,3, and 4 were carried out in a 0.1% carbon dioxide
atmosphere. Runv 2 was carried out’in a 1% ca;rbo:n.dioxide atmosphere.
" “and in this case the carbon dioxide uptake was fairly 'slow during the six-

‘hour period.
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Since ali_four runs were carried out in. about the same manner,
only run 4 is reported in the experimental section. Very little was learhed
from the first three runs because of the small amouﬁts of acti;/ity used. It
was found that it would also be é.dvisabie to use even higher.amoﬁnts of
activity in future work since the exposure times for the radioautographs
are quite long when small am ounts of activity are used., Also, smaller
amounts of material could t.hevn be chromatographed and the tendency to
overload the paper would be eliminated, This way better sepérations
could be achieved.

bFrom. the chromatography results of run 4 it appears that more
activity is found in thebaine than in codeine or morphine at the end of the
six—hvo.ur 'period, The following order Was found: papaverine énd narco-
tiﬁe > thebaine '> codeine > morphine. The améunt of activity found |
in the papaverine and narcotine spot, however, must be diécounted since
othe.r nonalkaloidal material is also found in the same area. Other solvent
systems would have to be employed to give a different separation before
any value can be taken concerning the amount of activity found for papa-
verine and narcotine.

The amount of activity,in the thebaine appéars to decrease after
fhe éix—h_our period ‘while. the aﬁiount of activity fOuﬁd in'the morphine and

codeine ste’adily increases. However, at the end of nine days; the amount of



120

activity found in the codeine is still about twice that found in the morphine.

~ Purification Systems for Determination of the Specific Activities of the

Morphine Type Alkaloids in Photosynthesis Studies

In order to determine the relative roles of the various alkaloids in
the biosynthesis of morphine, it is impei'ative that some method be used to
acuurately determine the specific activities of the various alkaloids in the

) o carbon
opium poppy after it has been exposed to radioactive/fo; various periods of
time.

- The first method that was tried was that of elution of the aikaloid
spots followed i)y the determination of the alkaloid's concentration in the
eluant by its ultraviolet absorption. Unfortunately, elutiop of the spots
with either methanol or water also eluted a strong ultraviolet-absorbing
‘constituent of the paper. Prior washing of the paper failed to remove it.

, Another dibsadvantage of this procedure is that only relatively small amounts
'of material can be placed on the paper and successfully chromatographed.
This seriously limits the amount of purification that can be done after elu-
tion of the alkaloidal spots.

Other methodé that looked more promising were those of cellulose
powder and alumina chromatography. Usiﬁg a cellulése powder thaf had been
previously buffered ;Nith 0.2 M potassium ‘dihydrogen phosphate solution and .h

n-propanol:ether:water (2:1:1 by volume) developing solution, it was possible
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to separate a synthetic mixture of papaverine, narcotine, thebaine, codeine,
and morphine. Only papaverine and narcotine were not separated from each

other. Some difficulty was at first experienced in finding a suitable way of

. adding the alkaloidal mixture to the cellulose column. Since some of the

alkaloids are fairly insoluble in the developing solvent and, since the
addition of the alkaloids in some other solvent changes the absorbing
character of the cellulose, it was necessary to spot the alkaloidal mixture

on a small piece of buffered adsorbent paper which could then be added to

the.column. This was the procedure which was found to be the most satis-

factory.

However, when a plant extract (run 5) was wed with the above pro-
cedﬁre, it was found-that other materials having an uitraviolet fluorescence
andvabs;)rption in the fractions containing the codeine “were obtained. These

- not S - ' o

impurities could/be separated from codeine:-by acid-base extraction. People

at the Mallinckrodt Chemical Works74‘found that codeine.could be separated

from thebaine and neopine and other foreign materials by chromatography of

the alkaloidal mixture on dlumina. An adaptation of this method was found

to work very well on the natural alkaloidal extract. In this way, codeine

‘could easily be obtained in a state free from interfering materials.

Using a combination of these two methods it was possible to isolate
the various alkaloids in fractions that ‘contained no interfering ultraviolet

absorbing material. -~ = - Co : .
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- SYSTEM FOR SEPARATION OF MORPHINE, CODEINE- -

Green Plant

(1)
(2)

AND" THEBAINE

frozen and crushed in
liquid nitrogen v
extraction with methylene
chloride (18-20 hr)

v,:

Methylene Chloride Zxtract

(1)
(2)

evaporation to 25 ml
extraction with 0.1 M
phosphoric acid (4 x 50 ml)

Pulp

" Phosphoric

Acid. Extract

(1)

washed with hexane
(2 x 25 ml)

I
A4
Methylene Chloride

Solution

Phbsphoric

Acid Extract

(1)
(2)

pPH adjusted to 5.0
Washed ‘with:im.ethylene:n>
chloride (2 x 25 m})

Hexane Wash
(1) dried and
evaporated
to dryness

Adju/sted Phosphoric Acid Extract

(1)
(2)

pH adjusted to 8.5
extraction with methylene
‘chloride (18~20 hr)

(Residue 1)

Methylene Chloride
Wash
(1) dried and
evaporated
to dryness
(Residue II, con:
tains papaverine
and narcotine)

Methylene Chloride Extract

(1)

- (2)

d¥ied and evaporated

to dryness (Residue III)
distributed between 10 ml

of 0.1 M phosphoric acid

and 10 ml of methylene chloride

Aqueous Solution
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Table II (continued)

Phgsphoric Acid Solution : Methylene %hloride Solution.
(1) pH adjusted to 11.0 (discarded) :
(2) extraction with methylene ' o
chloride (3 x 10 ml)
v , . v
Basic Aqueous Solution Methylene Chloride Extract
(1) pH adjusted to 8.5 ' (1) dried and evaporated to
(2) extraction with methylene - ' ~dryness (Residue IIIA)
chloride (3 x 10 ml) - H(2) alumina chromatography
v . AR 4 . . . '
Methylene Chloride Extract Agqueous. Selution~®odeine Fractions Thebaine
' (discarded) (See Part B) Fractions
: ‘ : K (see Part
(1) dried and evaporated to ' C)
dryness (Residue IIIB)
(2) chromatographed on

1 4

buffered cellulose powder

Morpli;i'ne Fractions ( See Part A)
P . .
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Table II (continued)

Part A Morph1ne Fractions
‘ 1(1) combined and evaporated to dryness ’

(2) taken up in 0.1 M phosphoric acid (1 ml)
(3) washed with methylene chlorlde (2 x l ml) (discarded)
(4) = pH adjusted to 11.0 :

(5) washed with methylene chlorlde (2 x l ml) (discarded)
(6) pH adjusted to 8.5 :

(7) extract1on with m ethylene chlor1de (3 x lml)
Methylene Chlor;de Extract Aquedus Solution
(1) dried and evaporated to (discarded)
dryness

Morphine (amount determined by specti'a)

Part B Codeine Fractions :

(1) combined and evaporated to dryness

(2) taken up in 0.1 M phosphoric acid (1 ml)

(3) washed with methylene chloride (3 x 1 ml) (washes discarded)
(4) pH adjusted to 11.0

(5)  extrafion with methylene chloride (4 x 1 ml)

Methylend Ghloride Extract " Agueou¥ Solution
(1) dried and evaporated to (discarded)
' dryness

Codeine (amount determined by spectra)

Part C Thebaine Fractions
(1) corribined and evaporated to dryness
(2) chromatographed on buffered cellulose powder

Thebaine Fractions
J/ (1) work-up same as Part B above for codeine

Thebaine (amount determined by spectra)
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_ Determination of the Specific Activities of the MOrphiﬁe Type Alkaloids in

Photosynthesis Studies

In run 6 a general system is described for the separation of small
amounts of morphine, codeine', and thebaine from the opiurn poppPy b-y which
the specific activities of the alkaloids could be determined. An improved
géneral system is outlined in Table II. The system described in run 6
was used on plants that were exposed to radioactive carbon dioxide and
then plac’e‘d in the greenhouse, in a special chamber for radioactive .. - .-
plants. ., for various periods of timev. The length of time in this chamber
varied from two to ten days, during which time the plants were allowed to
grow under normal greenhouse conditions with no radioactive carbon dioxide
in the chbé.m'bver.

In run 6 the plant was ‘exp‘osed to radioactive carbon dioxide for
six hours and then harve stéd and Fhe é.lkaloids separated.

In run 7 the plants were exposed to radioactive.cvalfbon dioxide for
two hours and then héryestedo Because such a small amount of radioactive
carbon dioxide was used, the run was not worked up beyond the initlal
methylene chloride extraction. It was then discarded.

In run 8 the plants were gr»ovwn in radioactive carbop dioxide for
six hours and grown in the greenhouse, in the special chamber, for two'days

prior to harvesting.
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In run 9 the plants were grown in radioactive carbon dioxide for
two hours and then harvested.

In run 10 the plants were grown in radioactive carbon dioxide for six
hours and then placed in the special chamber in the greenhouse for ten days
prior to harvesting.

In run 11 the plants were grown in radioactive carbon dioxide for
six hours and then.plac.ed in the greenhouse in the speéial chamber for
five days before harvesting. A summary of the exposure data is found
in Table III..

Morphine, codeine_, and thebaine were each isolated from thé '
above runs and the specific activities of each alkaloid were determined.

This is summarized in Table IV,

Degradation of Morphine;. Codeine and Thebaine

From the specific activity determinations it became apparent that
the distribution of fhe radioactivity in the morphine, codeine; and thebaine
was due, possibly, to the various methyl groups since each bears the
same general carbon skeleton. The 03—methyl of. codeine could be re-

- 3. . 75
moved by pyridine hydrochloride-ether cleavage ~. The N-methyl groups

: ' : : . 16,78

of codeine and morphine could be removed by a von Braun degradation .

The conversion of the thebaine to demethylated materials is some-

what more difficult. Neither of the above systems could be applied to the-
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TABLE III

"Summary of Exposure Data

" Run6 Run8 Run9 Runl0 ~Runll

B Length of exposure to | o _ _ . v

cl40, (hours) Y 6 2 6 6

Length of time in v _ » »

‘spec1a1 chamber (days) 0 2 .0 . 10 5
'Amount of C14O _ . _ I S S » - :

(microcuries) 400 - 390 1060 1070 1000
. Wet weight of plants _ T o AR :
: (grams) o - - 43.9 34.1 36.9 34,7 34,1

TABLE IV
Spec1f1c Act1v1t1es of Isolated Morphme Alka101ds _
(dlS per mm., per mg. )

_ v Run6 Run8 Run?9 :-R_un 100 Runll .
'Morphine ' ' : 1,350 50, 100 9,2001 ' 38.0, 000 - 450,000
Codeine o o 11,200 » 21,000 424,000 705,000
Thebaine | B '_ 88,000 -390, 000 75,000 600, 0002. 670, 000

(l) Most of this morphine sample was acc1denta11y destroyed "The

specific act1v1ty is probably much lower.

S (2) Only a srnall amount of thebame was -isolated in this run.

The -

‘specific activity is probably between 600 000 and 800, 000 dis. per

m1n per mg
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“baine itself. Thebdine is reported by -Conr0y77 to be easily brominated

by N-bromosucciniimide to the l4-’br’6m000deinone in very good yield.

He also reports the conversion of 14-brom ocodeinone to neopinone by
catalytic hydrogenation, which he reported could be isorheri_zed over
activated charcoal to codeinone which is easily reduce.d by sodium borohy-
dride to codeine. This codeine could then be used for demethylation re-
actions.

However, the attempted.conversion of 14—br§moéodeinone to neo-
pinone by hydrogenation was very diffiéult. Conroy's hydrogenation could
not be repeated on a moderate scale (100 mg).,‘ ‘Various catalysts and
hydrogenation ,procedﬁres gave only mixtures of materials and no single
major product was isoiated in any sof the methods tried.

Another -met};od that was tried was that of treating 14-bromocodei-
none ‘wit.h 'sod.iurri borohydri;:'le, to form neopine. However, the neopine was
contaminated’ with two other alkaloidal materials. When 14-bromocodeinone
(111 mg) was treated with lithium aluminum hydride in tetrahydrofuran,
.neopine was isqlated in a nearly pure sta;te. . Neopine that was then formed
is easily hydrogenated to dihydrocodeine which could be used in the de-

methylation re'actiphsa '

The series of react.ions of thebéine to 14—brofnocodeinone to neopine

to dihydrocodeine which worked very well on a moderate séale (about 100

mg) was found to be almost entirely useless when applied on a scale of
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less than 1 mg. rI.‘he"a conversion of thebaine to 14-bromocodeinone is evi-
dently seriously affected by a la'rgﬂe cvc.>ncer‘1t(ration éf N-bro.rﬁosuccin'f.imide
since only undef .conditi.ons of ;ver-y gooci mixing and slow‘a‘ddi.tion of the N~
bromosuoéipie:.mide éoula aﬁy 14—bromo¢odein§ne Be iééiéted;, API:;arently,
for thié reason, carbon tefrachloride i>sAa. good solvent for‘“t}‘v1e reaction,
since ‘the N-bromosuccinimide is only very siightlf soblubl.ev in,cafbon
tetrachloride. |

The conversion of 14-bromocodeinone to neopine on a scale of 1essv
than 1 mg using lithium aluminum hydride and tetrahydrofuran as the sol-
ventv was ih rr.la’,_rked' contrast to the moderate scale reaction.,, In the small-~
scale reaction, under identical conditions, no neopine: covuld be isolated.
Seven small-scale reactions of 15=bromocodeinone and lithium aluminum
hydride in tetrahydrofuran were attempted. " In each case .various reaction
. conditions were tried and no neopine could be isolated from any of them.

The conversion of 14-bromocodeinone to neopine on a moderate

hydride

-scale using lithium aluxninuinn‘ ether solution instead of tetrahydrofuran
was tried. The 14-bromocodeinone is.only sparihgly soluble in ether
and thus is not a single phase reaction as it is when tetrahydrofuran is
“the solvent. As in the pr’evibus‘moderat_e scale reduction in tetrahydro-
furan, he’opine was isolated in good yield from the ether mixture. Prelimin-
ary small-scale reductions in ether with lithium aluminum hydride were
encouraging since neopine was isolated. However, the yields have not been

too good on material from the plant for some reason.
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The deg radation of dih}vrdroc':odeinev is‘achieve'd in. a manner similar
to\ c'odeihe . The pyridiné h‘ydrochlo.ride clea-vage of dihydrocédeine to
reméve the O3v-m§thy1 to form dih_irdromorphine gdes in better yield than
fhat 6f ;:he codéine cleavage. The "vo.n Braun degradation of dihydrocodeine
to reméve the Nxmethyl. éroup by f;rming dihydirovnorcodeir.xel, however, went
in very p.oor yield. More work should .bel cioné in trying to improve the
procedure.

The methods of degradation of the alkaloids are outlined in Figs. 6 and 7.

Specific Activity Measurements of the Degradation Products of the Alkaloids

from Run 11

. The morphine and codeine from run il were diluted with additional ma-
terial to give approximately one mg of each alkaloid. The codeine sample
was divided into two portions --owmne for the pyridine hydrochloride cleavage
to morphine, the othgr for the von Braun degradation to norcodeine. The
morphine sample was also divided into.two po.rtiOns. One was used in
the von Braun degradation to normorphine. The other was lsaved in case
something unforeseen happened to the first part.

- The specific a.c:tivity.measurements of th_e. diluted alkaloids have
been adjusted to the original specific activity as shown in _Tablé V. A

sample caleculation is shown helow.
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1) AGZO
2). " CNBr

Normorphine

1) Acg,0
2) CNBr
3) H+

2l '.;Pyridi_ne’ hydrochloride

Morphine _

Fig. 6 Degradations of morphine and codeine
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Pyridine
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3) ut -
S EEEEEE—
CH,0 @) OH v | HO . OH
Dihydronorcodeine Dihydrocodeine

/
Figure 7. Degradation of Thebaine
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3

activity of diluted codeine activity of diluted morphine’

activity of original codeine - activity of "original" morphine’"<
89, 000 | 71,000
705, 000 = X

x - . 562,000 dis. per min.per mg.

* This refers to morphine formed by ether cleavage.

From Table V it can be seen that even in plants which have been
allowed to grow for five days after exposure to radioactive carbon dioxide,
there still i’emains nonrandom labeling in the alkaloidal molecules., As an
example of this, the N-methyl group of codeine cér_itains 18% of the radio-
active carbon and its O3 -methyl contains 24% where, if the molecules
were randomly labeled, one would expect only about 5-6% of the radio-
activity to. be found in each of the methyl groups. However; it should also
be noted that for some reason there is very little radioactivity in.the N-

methyl group of morphine.

Specific Activity Measurements of Degradation Products from Run 12

Since the specific activities of each of the alkaloids are beginning
to level off and decrease: at the end of five days after exposure, it would
seem adviaable to do degradation work on materiél when there is the great-

est differencefin specific activities. This difference is found in the time be-
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Specific Activity Measurements of Degradation Products from

Run 11

a) Disintegrations per minuté per rnilligram‘ V

Original vMinus‘A Minus’ Minus - Ring

value N-methyl o3 -mefhyl 0 -methyl Skeleton
Morphine 450,000 516,000 - - 516, 000"
Codeine 705, O(.)OV 607‘, 000 562,000 - 464,000
‘Thebaine : '67O,OOON |
b) Disintegrations pef mipute per mic?omqle
Morphine 137,000 140,000 o - RSP 140, 000
Codeine 211,000 173,000 160, 000 - 122,000

Thebaine 208,000
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tween two and six hours after introduction of thé radioactive . carbon diox-
ide to the plants. An example of this is found in runs .6 and 9. However,
the amouﬁt of radioactivitjf‘oﬁnd in‘th.e alkaloids of these runs was not
great enough to allow degradé,tinn-work., The only way a;ound this problem
is .tovu‘se 1a)rge1; amounts of radioactive .cﬁarb'o'n‘ d10x1de In run 12 a small
plant (6..10 g) 'took up 20 mc of radiolactiv;_e‘ carbon dioxide during a six-
'_.'h-our period. The carbon dioxidé was generéted from barium carbonate
“having the highest specific activity available.

The alkaloids were each isoiated and their specific activities

determined. "The alkaloids were:degraded in the manner illustrated in

' Figs. 6 and 7, .and the results are tabulated in Tables VI and VII..

v The followipg tables show that >47% of the radioactive carbon of
the codeine is-located in its N-methyl group and 43% is found in the 03—
methyl. Also, 59% of the radioactivity is lost when the N-methyl group
of morphine is removed. In the case of the thebaine, the Oé—met_hyl
. contains 55%, 03—methyl. contains no activity (-7%), and the N-methyl
" contains about 36% of the r'adioactivity.

. These figures indicate that one of the last processes in the
plant's synthesis of morphine, codeine or thebaine is the addition of
methyl groups to the nucleus of the molecule. Thi>s was borne out in all

o ‘ 3 ) .
cases except that of the O -methyl of thebaine.:
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TABLE VI

‘Specific Aétivity Measurements of Run 12 Alkaloids

Isolated. Alkaloids o - | _. Alkaloids after Dilution
A B B -} D
dis/min/mg dis/min/s#mole _ . - dis/min/mg  dilution factor
' B=A x mol.wt.x10 . D= A/C
Morphine ~ ° 165,000 - 50,000 . » 26,800 - 6.15
Codeine : l. , 600,000 = 478,000 : : 69, 500 - 23.0

Thebaine 22,500,000 7,000,000 216,000 104
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TABLE vi

Specific Activity Measurements of Degfadatio‘ﬁ Products of Run 12

. Specific Activity of

Morphine

Normorphine (minus
N-methyl)

Codeine
Norcodeine (minus
N-methyl)
Morphine (minus
O3-methyl)

Thebaine
Dihydrocodeine
~ {minus O°-methyl)

Dihydromorphine .
(minus O%and 03
methyl)

i Dihydronbrcodeine
. (minus 06_ and N-
methyls)

- Diluted Products ~Factors
A B c
dis/min/mg dis/min/mg " dis/min/gymole  _
BzA %D (of CzB xmol.wt.x 10
Table VI)

12,200 75,000 20,300

38,200 880, 000 251,000

39,500 910,000 274,000

101, 000 10,500,000 3,160,000

(119, 000)™ :
117,000 12,200,000 3,370,000
65, 000 1,930,000

%  From duplicate work-up procedure

Alkaloids

Multiplication by Dilution

6,750,000
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SUMMARY OF TABLES Vi AND VII =

(All activities as dis/min//4mole) -

Original ‘M inus - ,Minus Minus Ring -

Value - N-methyl O” -methyl 0° -methyl  Skeleton
Morphine _ 50, 000 20,300 -- -- .20, 300
Codeine 478, 000 251,000 274,000 L--- - 47,000
Thebaine 7,000,000 1,930,000 \. ... 3,160,000 1,930,000

(minus Nemethyl
and O%_rnethyl) 3,370,000

in this case the data would indicate that the methyl group that bécame
the 03-methyl o.f_ thebaine had been placed in position sémétime much earlier
in the plant's synthetic route to thebaine,v Or it might also be possible
that thebaine is receivihg its 03-methyl groﬁp from some source which
has not yet had this group incorporate C14. This last choice would seem |
most unlikély.

Tables VI and VII show that the nucleus of morphine (the molecule
minus the met'hyl‘ groups) has ak specific.activity of 20,300 disintegrations
per minute per micromole (of normorphine). The nucleus of codeine would |
have a calculated specific activity of 47,000 disintegrations per minute

per micromole (of normorphine).. Since this last value was obtained by
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subtracting one large experimental value from another large expe?imental
value, the remainder is open to considerable ‘dOubt._Therefore_, the Vaiue
of 47,000 is withirvl_‘ experii’nentai error of Being, the same order of magnitude
as that of the 2‘0‘, 300. found experimentally from the mqrphin_e degradation.
- There are three general methods tha.f might.be employed in the
plant's synthesis of the morphine—type alkaloids. One method involves
.the use oﬁl‘;recursor from which thealkalyoids-are.pvr(.)du.ced by the plant.
" In the second method one of the alkaloids acts as the precursor for one or
more of the other alkaloids. The third method is a combination of the two.
If it is assumed that during the time that the plant was allowed to
.grow in the presence of 01402 it produced each of the alkaloids at the
same rate as it did under natural conditions, the spe_ci‘_fic_ activities of each
- of the alkaloids (and their constituent parts).would_be an adequate represen-

~ tation of their relative rates of incorporation of Cl4, during which time

the living plant was exposed to '(314._ If a substance is to be-a precursor

for another substance or if they are to have a.common precu.r,sor, the ratio
of the s'pecifié activities of those parts pf the molecule that are found in
both substances must be the same. For ex'a.mple_, alkaloid 1 has groups

A, B and C, which are common to alkaloid 2 The specific activities of

) A:B-':C are 5:2:1 in both alkaloid 1 as in alkaloid 2..‘_ Therefore, alkaloid:l

is related to alkaloid 2. Nothing is yet known as to whether alkaloid 1 is
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the precursor of ’élkaioid 2, or vice versa, or whether even a third substance
is the'precﬁrsor'of alkaloid 1 or 2.

The only differén ce between morphine and codeine is'the,presence
of the O ;methyl invc‘odeine.'_ All other structural features are the same. The
.specific activities of the two portic;nsf of the molecule were determined. Mor-
phine's N-méthyl and nucleus had a specific activity_'of'29, 700 gnd—ZO, 300
disintegratibhé per n}i'n:ut'e' per micromole, respectively, or a ratio of
1.46:1. ) The N—méthYl a_nd nucleus of codeine had a specific activity of
227,000 and 47,000 diéint'egra.tions per minute pe;'fnicromole respectively,
or a ratio of 4.8:1. .Therefore, mofphine__is not a precursor of codeine un-
1ess'" durihg the methylatiori_at O? thg N-methyl .group of the mprphine is
transrhethylated. Simﬂarly, codeine is not a precursor for morphine unless
during the 03'—defnethyla;tion the codeine N-methyl is transmethylated. Using
"thvis’sé.r.ne line‘ of feasdhing, 'the‘baine could not be. a..'prec:ursor of. codeine'
or “'vice. Qeréa, ‘since thebaine's O3¥methy1 is not active and codeine's 03—
méthyl is active. -

.Si'nc':‘e the specifié activities of the nucleus of morphine and codeine
V'ar”e about the same ordér of rhag’nifude, it is possible that there is a common
" précurs.ol'r for these two alk'aioidls . One méthod of testing this hypotheéis
‘would be to remove thé'bésic side-chain of both morphine and codeine-and

compane;the ratios of the specific activities of the two carbon. atoms that were

-

-
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79

removed. This could be done using a method worked out by Batcho on
a large _scalevthat would have to be adapted to sm.all.-.sclale ‘pvrocec.luresv.
It v;/ould.also be interesting to find out how the ratios of the specific acti-
vities of carbon atoms comprising the sicie chain of rﬁorphine and codeine
compare with those corresponding atoms found in the isoﬁuinoline' .portion
of the molecules of f_'{?a;paverin_e and narcotine as well as in the & and 3
. positions of tyfosine, lphenylalanine,, etc. that had been isolated from
the plant. . A detailed study of the specific activities of the amino acids
found in the poppy and the::'Lr relationship with the alkaloids would be most
helpful.

Since there is no radioactivity in the 03—methy1 of thebainép in .
.contrast to that of codeine, and since itsvnucleus had'v:a much higher spe-
-cific activit_y‘than that of codeine or morphine, it seems likely that it

would also have a different precursor than morphine or codeine. The

.

fact that thebaine, along with isdihebaine, is also found in Papaver

orientale and that neither morphine or codeine are found in that plant

~would add credulity to this hypothesis.
\ G,

Isothebaine

) CH30 HO  OCH;
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In order to determine the radioactive purity of the various alka-
ioids., each of the pﬁrified alkaloids is rechfomatégraphed on buffered
paper and the de-\}eloped ch_x‘omatograrh run fhr()ﬁgh the paper strip counter
to see if allzthe activity coincides with th'af of the alkaloid spot. A better
way would be to c.ovnverrt, by .chemical m>e'ans', each of the alkaloids to
some aerivative and then purify that derivative. For example, morphine
éoﬁld be converted to codeine; codeine could be hydrogenated to dihydro-
codeine; and thebainé hydrogenated to te;crahydfothebaine, to mention
just a few of the possibilities.

Because of the difficulties encountered in the degradation of the-
baine by way of AihyarOCOdeineg it should be boséible to degrade thebaine
by other rnjea'vri.s in 6rder to achieve the same goal. The small-scale me-

" thod o f prepa'rati'orivof 14-bromocodéinone is adequate enough to determine
the specific ‘aciti‘v‘ity of thé product. However, some method of chromato-
graphic purification of the crude reaction Vmixture would have to be
worked out. In_-this manner, the amount of activity in the Oé-methyl could
be determined. Thebaine could be hydrogenated to tetrahydrothebéine
whose N-methyl group could be xtemoved by a von Braun degradation

and the O-methylé by pyridine hydrochloride-ether cleavage.. Bentley31
in Chapter XII of hi‘s bdok gives a r.eyiev»} of the methods of preparation

oqtetrahydrothebaine .
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EXPERIMENTAL

Methods of Chromatographic Separation

The chromatographic chamber that was usgd vs-ras fashioned from
a two-liter graduated cylinder (with no pouriﬁg lip). " At the top of the
cylinder was placed a rubber stopper containing a glass trough and a
' separatory.funnel to allow t_h_e addition of the mobile phésé to the trough.
Ijsing this chamber, the mobile phase could be placéd'at the top of the
paper and akdescevnding tec‘hnique used in developing the chromatogram.

Samples to be chromatographed are spotted approximately three
Iinches from the top end of the..papef. A solution of morphine, narcotine,
codeine, thebaine, and papa'\‘rerine was used in the trials of various papers
and solvent syster.ns.“ Approxim ately 1 mg of these.compounds was dis-
solved in 1 ml of methanol and from this solution 0.050 ml was applied
to the paper to form a spot no larger than 5 mm inv diameter,

_ The’charﬁber- with the chromatogram was allowed to equilibrate
with the solvent used in}develo‘p‘ing thé’ chromatogram for a- period of
_'12 to 24 hours. For this, a portion of the mobile phaée is placed in.a
beaker at the bottom of the chamber.

The length of timé needed for"developing' the chromatogram varied
with the solvent, but the time usually was from three. to four hours for

Whatman No. 4 paper and about 12 hours for Whatman No. 1 paper. For
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many volatile solvents it is essential that the temperature be nearly con-
stant dufing this time since the air in the cham ber may become: unsatur -
ated with respect to the i'nobﬂe phasé and,céusé evapofa‘,tion,from the de-
veloping ch:ron.natograrri.. The chamber was allowed to equilibrate from -
12 to 24 héurs in all cases, e‘xcept thosé i}ivolving ether solvents as the
mobile phase. The-.systenﬁs involving ether.‘solvenbt‘s as the mobile phase
de.veiop versr irregular and poorly Separated.spots if long equilibration
times are rused‘,, Six to eight hours is rﬁore than sufficient. This pheno-
menon has been noticed répeatedly using various ’pap.ers and combinations
of efhef—contain-ing,solvehts; .

- Iodoplatinic acid reagent was used to spfay the paper to reveal
the aikaloid's . |

. T.he Ry values a‘re taken as the ratio of the distance traveled by

the center of the spot to the distance traveled by the solvent front (usually

about ?;0 cm).

Whatman No. 4 Buffered Papers

1. . 1 M Potassium Dihydrogen Phosphate Paper: : Whatman No. 4

paper, that had been previously washed in oxalic acid, was dipped in.1 M
. potassium dihydrogen phosphate solution and allowed to dry. Using this paper
and spotting with a solution containing a mixture of 25 to 50 micrograms of

morphine, codeine, thebaine, narcotine and papaverine, the following Rgy -

values were obtained:



System

(a)
(b)
(c)

(d)-

()

(a)

(c)

f(d),

(e)

(f)

0.

0.

Morphine

.50
.51
.53
.07

08

21

0.

0.

Codeine

.59
. 61
.61

L16

13

32
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Thebaine
.70
:.0. 78
©0.75
0.43

0.38-0.47

0.46

Narcotine and
Papaverine

. 0.87

Mobile phase and description of sepafation:

n-propanol:water (3:1 v/v)

Very good separation with compact round spots.

n-propanol:1 M citric acid (3:1)

Good separation with compact round spots

N-propanol:1M citric acid:form ic acid (30:10:0.4)

Good-vseparation, but there is a tendency to form beards on

the spots.

toluene:isobutanol:water (" 1:1 sat.)

Good separation, but thebaine has an enlarged spot.

toluene:isobutanol:water (1:1 sat.) and molar in citric acid.

Good separation, but the spot of thebaine was elongated.

dioxane:water:formic acid (90:9.5:0.5)

Good separation, but there is a tail on . codeine and a beard on

morphine
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Also, toluene:isobutanol:tetrahydrofuran:water (1.:1:1:saturated)’
and n-butanol:28% ammo'nium,hydroxide:water (50:9:15 v/v, top layer)
were tried kbut only very poor separations could be achieved.

-

2. . 9.5M Potassium Dihydrogen Phosphate Paperi The Whatman No. 4

paper.: was dipped in 0.5 M potassium dihydrogen phosphate solution as in

© previous trials.' The following Ry values were obtained:

System Morphine Clodeine o ‘Thebaine Narcotine and
' . Papaverine

(a) 0.45  0.54 0.63 0.82

& o6 . o014 0.5 . 0.70

@ 027 0.35  0.53 0.89

.Mnobilé phasé and d'ersc'riptio‘n of separation:
(a) n—I‘:)-ro'pan_ol":watexj (_3:“1) » |
Good sepé?atioﬁ, but some tail on _narcdtine v'a.nd p;_a.paverine, :
(b) . amyl alcohol:formic acid:water. (50:9:2)
Good separatiqn; very éhar? spots for morphine andcodeiné,
but‘ thébainé has albe.ar“d,
{c) | v .n-p;opanp\:l:et:her:.watevr:(60:'50.:‘25)'
Ve'arylr,-go.od ‘séparati—.oﬁ and nice lb.okihg.spots...
~Also, 'isopr.opanol:-;vater (3:1) was friéd, btit there was no |

separation.
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.3. .0.2 M Potassium Dihydrogén Phosphate Paper: The Whatman

No. 4 paper was dipped in 0.2 M potassium dihydrogen phasphate (pH 4. 5)

as in the previous trials. The following Ry values were obtained:

System Morphine -Codeine Thebaine 'Narcotine and
: Papaverine
(a) .47 0.55 0.66  0.80
(b) 0,04 0.09 0.30  0.94
(c) ' 0.08 0.15 0,43 0. 69
(d) 0.33 0.41 0.65 0.88
(e) 0.06 0.10 0.23 0.83
n 0.3 0.39  0.58 0.91
(8 -~ 0.35 . 0.45 0.68 0.89
(h) 0.50 0.59  0.74 0.88
(i) 0.61 0.72 . 0.88 0.96

Mobile phase and description of separation:

(a) n-propanol:water (3:1) |

Good separation, but there is a tail on papaverine and narcotine.
(b) toluene:isobutanol:water (1:1 sat.)

Very good separation with nice compact spots.
(c)  amyl alcphol:formic avcv:id:water- (50:9:2)

Good se};:a'ration withv the spot of thebaine somewhat elongated.
(d) n-propanol:ether:water (60:50:25)

Very good separation with nice compact spots,
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(e) ﬁ;pfopanolz.n—butyl éthér:water (25:25:4)
"Good separation with some ’elo'ngatidn of the spots. -
o (f) 'n'-prop-anol::tetr’ahyd;rofﬁran:e‘ther:'watéi' (2:1:1:1)
Very good separation with good round spots.
g n-prdpanol:tetrahydrpfuran:hexar}e :water (3:1:1: 1)
Good separation, but thebaine's spot is somewhat e_lpngated.
- (h) n-propanol:ether:water »(Zlﬁ'];:'il)
Very good separation, with nice compact spots.
i (1) n—propanol:ether:wat‘er (3:1:1)
" Poor sep.avr.ati.on betweenvthebaine"' papaverine: and narcotine.

tetrahydrofuran:water (3:1) were tried with little success.

Whatman No. 1 Paper

l1.- 1 M Potassium Dihydrogen Phosphate Paper: Whatman No. 1
paper was dipped in 1 M potassium dihydrogen phosphate solution and the
chromatogram developed as in previous trials. The following R values

were obtained:
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System ‘Morphine . deeiné ' "l;.hebaine Narcotine and
' " Papaverine
(a) . 0.42 0.50 . . 0.6l 0.82
(b) 0.08 . 0.15 0,52 . . . 0,70 ___
(c) 0.10  0.19 . 0.38 0.79
(d) - 0.04 0.16 0.27 very elongated

Mobile phéée and deséription of separation:
(a) n—proﬁanql:wa.ter‘(3:l) |
Poor sepération be‘fbween‘morphine and.codeine.
. (b) amyl alcohol:formic aéid:water (50:9:2)
Good separation, but thé spots of t}‘_lebaine,. narcotine, and
papaverine are eiOngét.ed. N
(c) | tetrahfdrofﬁ.ran:ether:water. (l 1:1 v/v,‘ top layer)
Good s.eﬁaration, but the spots of. theBa_ine and narcotine and
papaverine ére vel;y elongated.
~(d) ether:water (1:1 sat.)
Veryvsmall compact spots for r.no.rphi.ne,, codeine, and theBaine, :
but a very enlarge“d spot for narcotine and papaverine.
. Also, .n=propanol:0.2 M KHZPO4.plu‘s= citric acid to pH 3.5 (3:1)
was tried ,and gave very poor separation and a.large amount of tail

formation.
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2, 0.2 M Potassium Dihydrogen Phosphate Paper: Whatman No. 1
paper was dipped in 0.2 M potassium dihydrogen phosphate solution and the

chromatograms developed as in the previous trials. The following Rp

values were obtained:

System " Morphine  Codeine - Thebaine Narcotine and
‘ " Papaverine

(a) =~ . 0.38 0.47 0.61 0.73

(b) 0.11 0. 20 0.34 10.89

Mobilkev phase and description of separation:
(a) | n;pgopanol:O.. 2 M _KHZPO4 plus citric a-.vcid to pH 3.5 (3:1)"
Poor'sepAa.ration; spots héd beards.f |
(b) tetrahy;drofu;'an:ether‘:wat.e'r. (l:l:_l v/>v, top layer)
Good separation, but the spots were quite elongated.,
~Also otlfle.r p'ape‘ré we;e ﬁseci with,various:solvents in which the
pH of the paper was lowére}d to 3.5, but no improvement was noticed

in the separations.

3. 1/7 M Potassium Dihydrogen Phosphate Paper: Whatman No.. 1

paper was dipped in 1/7 M potassium di‘hydrogen phosphate solution and
the'chromato'grams' developed as in the previous trials. The following RF

values were obtained: -
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| System - Morphine = . Codeine - Thebaine Narcotine and
' o , Papaverine

(a) : 0.42 0.50 0.65 : - 0.80

(p) - '0.12 0.20 0.69 - 0.80

(c) ©0.51  0.61 - 0.75 0.85

(d) 0,22 0.36- - 0.73 -~ 0.94

Mobile phase and description of separation:

(a) h-pi‘opanol:water (3:1: )

Fair separation.; all the spots were fairlyvenlarged.'
(b) amyl alcohol:formic acid:water (50:9:2)

Good separétion; -some beard on thebaine;
,(c)v n-propanol:water:citric acid (3:1;molar)

. Poor sépara,tion; very élo.ngated'.spot for ~thebaine.

(d) tdluéné:is.obﬁtanolzcit'ric acid (1:1;molar)

,Very g.odd separéﬁn’n and well s'hap‘ed spotsi

Also other papers were tried with various solvents in which the
pH of the paper was lowered to 3.5 but no improvement was noticed in

the separations.

Preliminary Chromatography of Poppy Extract

Two pbppy pléﬁts. (22 g), %0 days old, each having a green seed
p.od,' were removed from their pots and iinmediately frozen in liquid

nitrogen. The plants were pulverized while cold and extracted in a
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Soxhlet ex‘t‘ra;cv:tor with 150 ml of méthyiene chloride for 24 hours (20
dumps per hour).

. The green solution was then extracted six times with 25 ml portions
of 0.1 M ph.osphor.i‘c acid. .The aqueous solution was washed with methy- -~
chloride and then the SI%J/‘éStseiﬁg cont1nuously extracted with 150 ml of
methyle_.ne .’chl_oride for 16 hours. The layers were separated and the
methylene chloride solution drig@ over sod_.i.um sulfate and then ,evapoi'-
ated to 20 ml.

From this solution, 0.5 ml was thgn_chromatc)graphed on What-
man No. 4,1 I\_/@_pqtasISiurp dihydrqgen_phosphate paper using n-propanol:
water (3:1 v/v) and later ;prayed ;Nith‘iqdoplatinic acid reagent. Spots
havi1_'1g‘, the_follow.ir,‘i‘g Ry yalues nge developed: 0.06, 0.54,0. 64,0.77,

0.94. The spots had the following colors and intensities: pink, faint;

blue, strong; puxjple,_ medium; violet, faint; Violevt, faint, respectively.

| .IlRun _4.

The six plants that were used were of the ‘Alba variety, Papaver

somniferum, and were planted Septémber 5, 1957. They were allowed to

grown in thé greenhouse, under natural conditions, until October 7, 1957
(31 days) when they were transferred to the ''silver box'" to gr'ow on a
controlled twelve-hour day (6 A.M. to 6 P.M,). The plants appeared to

be very-healthy and showed no signs of disease. =
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When the plants were 96 days old, they were placed in the
small plant chamber after having been placed in the light for three

. hours. The following is a summary of growth'conditions during the

plants' exposure to the radioactive carbon dioxide.

6:00 A.M.: Lights on

9:00 A.M.: B ants t-rans.ferred_to plant chamber

9:15 A. M. : Plant chamber sealed

9:30 A M.: - Carbon dioxide.(-l‘S ml) injected into chamber

9:33 A.M..: '+ Carbon-14 dioxide (43 Ac) injected into chamber
10:09 A.M.:  Carbon-14 dioxide (2 Mc) remained in the chambex

and aﬁ additional 48 Mc were injected into the chamber
11:00 A. M. : Less than 1 gc of carbon-14 dioxide remained in the
—chambel;, én_d an additional 15 ml of carbon dioxide was
injected into the.chamber
. 11:03 A,M; '+ An.additional 100 j)c of carbon-14 dioxide were added

to the cham ber

12:15 P.M. : The activity had dropped to léss than 1. Mc .in the chamber

12:25 P.M.: Another 15 ml of cafbon diogcide was injécfed into the
-:chamber -

3:30 PM ‘The _blants weré removed from the chamber with less

" than 0.5 Yc of carbon-14 dioxide remaining in the

chamber (lights off) \
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‘Total activity taken up: - - 191 pe
Total carbon dioxide :taken up: 50 ml
" Three plants were harvested immediately after being removed
from the chamber a'nd. were frozen in liquid nitrogen and then pulverized.
- The remaining three plants were placed in the "hot box'" in the greenhouse
and harvested one at a time at the end of two days, five days .and nine
days.

Each group of plapts ‘was separated into three fractions for
further treatment after .they were harvested and frozen. Ovne fraction
‘was extracted with 95% ethanol in a: Soxhletb extractor-for 18 to 24 hours.

" The second fraction.was extracted with,-r‘nethylene chloride in a Soxhlet

extractor for 18 to 24 hours. The third fraction w‘as placed in a vacuum

desiccator and d‘ried'.‘ :

The. alcohol extract from fraction one was used to prepare

 phe’nozi.:"butanol:propﬁonic acid two-dimensional chromatograms. A small
an :

amount of the solution was evaporated onja luminum plate for counting.

. A sample from:the pulp remaining after the alcohol extraction was burn-

and the liberated _ \
ed//carbqn dioxide trapped as barium carbonate which could then be counted.
- The methylene chloride extract from fraction two was used main-
ly for the isolation of the alkaloids from the plant. Al so, é. small amount

- of it was ‘evaporated to dryness and.counted. The amount of activity for

these three fractions is tabulated below.



155

"Microcuries per gram of Whole Plant

.Dried

Ethanol CH,Cl1, Whole
Fraction Fraction' - -Fraction Plant
Pulp +Soln Pulp Soln. ' '
Plant 1
(8.46 g, 0 2.34 6.23 ~ 4.18 =~ - 0.22 8.30 . . - 70.2
days) ’
Plant 2 _
(10.42 g, 2.33 3.54 2,47 0. 38 6.74 70.2
2 days)
Plant 3 , o .
(3.88 g, - 2.22° 1.28 2.48 0.39 3.08 11.9
5 days) o
Plant 4 . ’
(4.34 g, 1.33 1.06 1.68 0.37 3,60 15.6
9 days)

Total activity accounted for: 168 Me

It should be noted that a large amount of activity was found re-
maining in the Soxhlet extraction cups of the methylene chloride ex-
tra‘ctiér‘_ls_.‘ .

‘ The volume of the methylene chloride extract was concentrated

to approximately 15 ml in vacuo. The comncentrated extract was extracted

with-0.1 M phosphoric acid (5 x 25 ml). The resulting phosphoric acid
extract was adjusted to pH 8.5 with potassium hydroxide. and extracted. con-

tinuously-at a moderate rate for 18 hours with methylene chloride. The
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resulting meth&lehe VcthOridelextr'a;:t‘ Wa'é then ep;aporated to dryness in_
vacuo ancll'the sfnall amount of material resulting was taken up and spotted
on a paper chrpmatogfam. A ,_one'-dirnensio‘na.l'_de'scending system was
used -- Whatman No. 4‘paper'b'i1ffered with 0. Zv_l\/i potéssium_dﬂihydrogen
phosphate.as thé stationary phase and n—propanol:ether:watér (2:1:1 v/v)

as the mobile phase. These are tabulated below.

N

’ ,RF Values
Morphine Codeine Thebaine P'apavel_'ine and
Na;cotine
Plant 1 0.36 0.41 0.51 0.82
Plant 2 0,37 . 0.42 . 0.52 . 0.78
Plant 3 . 0,41 , 0.51 : 0.67 . 0.88

Plant 4 0.38 0.46 0.67 0.82

Counts per Minute for the Alkaloidal Spots

Morphine Codeine Thebaine Papaverine and Origin

Narcotine (at start)
Plant 1 36 83 139 391 | 1100
Plant 2 579 1300 443 2990 6250
Plant 3 300 457 1ss 582 2185

Plant 4 187 388 58 292 1250
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Counts per Minute per 1000 Counts at the Origin |

Morphine Codeine Thebaine Papaverine
and Narcotine

Plant 1 33 .. 75 126 355
Plant 2 92 208 71 418
Plant 3 138 2100 T3 o 268

Plant 4 150 310 46 234
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Cellulose Powder Chromatography of a Mixture of Opium Alkaloids

The buffered cellulose powder used was prépared by mising

‘. 0.2 M potassium dihydrogen phosphate (pH 4,'6). soiﬁtifbn and Whétman

| Standard Graéle Ashless Cellulose Powder. The ﬁqixfﬁre was ﬁltered and
press-dried ih,a Bgchner funnel ﬁéing a rubber shée,t"-d‘iaphragm. The
press-dried celluloselwas then dried over phosphorus pentoxide in a
vacuum desiccator.

The dried buffered cellulose wasAthen added to a solution of n-
propanol:ether:water (2:1:1 by volume) in a blender and the resulting
slurry was added to the chromatography column (0.8 by 30 cm), pre- -
pared under 1ab0rator3} air pressure (10 p.s.1i.).

Approximately 0.5 mg of papa\./erine, narcotine, thebaine, co-
deine, and morphine was dissolved in 0.5 ml of chloroform:methanol
(1:1) and séotted on two thick filter paper circles (0.8 cm in diameter).
‘These were then added to the top of the cellulose column. Using an n-
propanol:ether:water (2:1:1 by volume}: solution;an initial fraction
of 6.5 ml was collected. Thex;,fractioné of approximately. 0.5 ml were
collected every 12 minutes. The ultraviolet spectra of each fraction was

taken and 0.1 ml of each fraction was used for rechromatographing on
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0.2 M potassium dihydrogen phosphate-buffered Whatman No. 4 paper

~ using n-p ropanol:ether:water (2:1:1 by volume) solution as the developing

solvent.

F_ractions 2 through 4 inclﬁsi\'re showéd the pfesehce of papa-
verine and narcotine. Fractions 4 through 10 'showed the..p‘resence of
thebaine». Fractions 13 through 17“indicated ‘c'odeihe. Fractions 17 through
22 indicated morphine.

Run 5

A local ”non—élba" variety that had been .planted October 4, 1957

was grown in the '"'silver box'' controlled growth chamber (12 hour light

-.period day) until the day of the experiment, January 22, 1958. . A total
‘volume of 60 ml of carbon dioxide was taken up over a six-hour period.

The radioactive carbon dioxide was generated by adding 2. 5ml of

0. OZ()SL/I .sodium biéarbonate (400 micxfdcuries per mi) to sﬁlfuric acid.
However, the vibrafing reed ele'ctrémeter indicated only 610 microcuries
of radioa.ctive c'a.rbon 'dioxide had I;een genefated.

At the end éf the six-hour period in the g?owth chamber the plant
was harvested ana then frozén in 1.ivquidvnitrogen. Thé pulverized plant
material was divicied into two fracltion:s of 29.1 g and 15.2 g for extraction

with methylene chloride and 95% ethanol, respectively. Each fraction was

extracted for 20 hours in a Soxhlet extractor., The ethanol extract was used



160

in the pher}ol, buténol:propiénic écid f.wo-dime‘hsion'él paper chro'matograp}‘xy. :
-The metlll‘ylenev chioride ex'trAa.c't (‘280 ml) was concentrated in vacud
~ to 25 ml and extracted with 0.1 M phosi)horic acid (4.x 50 ml). This phos- |
phéric‘ acid extfaét's pH ;avas thén adjuste'd‘vto pH‘ 8.5 and continuously ex-
.Atracttyad with methylené éhloride f01; a period of 24 hours. |
The rvesu'.lt.iﬁg methylene- chloride;extréct was evaporated to
dryness andr later spotted on two filter pai)er c_irgles fhat weré then
added to the buffered cellulose powder coiumn (1 by 45 cm) An n- |
propan.ol:et};er:.water (2:1:1 by volume) soiution was used as the devebloping
solvent. Afi;er the first 15 ml of soliution v.was collecteci, fractions of
d. 55 rnlﬁ wc;re taken‘. Ffvom each fracfion; 0.100 ml was used ‘for running
: .the.:. ultr‘aviolet; spectfa, 0.156 m’l_fo'r plate 'countin'g, and 0,150 ml for
rechromafographing onvbuffered paper.' Radioactive papaverine and
narcotine were founa in Frac‘tions 4 through 7, thebaine in Fractions 5
through 8, ia green fluorescent r;'latefial vin Fractions '8 through 10,
a blue fluorescent xﬁé.teﬂal in Frnaétions 12 through 19, a bright \./iolet
flupi-ésé‘ent materié.l .in Fractions 12 thfough 21, codeine in Fractions
1.5 through 18., vmorphin‘e in fracrtions 20 thréugh 26 , and a yesllow
flu‘oreScen't material in fractions 30 t.h‘rough 40. All of the alkaloids

were radioastives.
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The ultraviolet spectrum characteristic of thebaine was found
in Fractiofx 8.  Also, the ultraviolet spectra of Fractibon 23 inv both
diiute acid and dilute base was similar to that of rnorphine.' The spectrum
of codeine was completely covered by thpse of the fluorescent materials
also ‘found'. in Fractions 15 through 18>.

The small amount of solution remaining from Fractions 15

throﬁ‘gh 18 was evaporated to dryness and taken up in 1 ml of 0.1 M

phosphoric acid and washed with methylene chloride. The pH of the
aqueous solqtion was adjusted to pH 11.0 and the basic solution extracted
with methylene chloride. Evaperation of the methylene chloridgyfollowed
by paper chromatography of the residue, revea‘led codeine and the same

fluorescent materials.

Alumina Chromatography of a Mixture of Opium Alkaloids

Approximately 0.5 mg of thebaine, codéne, and néopine was dis-
solved in about 1 m]l of benzene and added to the alumina chromatography
column (0.8 by 30vcm), The column was.-prepared by adding 10 g of
Merck basic aluminum oxide to the chromatography column containing
benzene. After the sample Iad been added to the column, a solution
containing 88.5% benaehe, 10% chloroform, and 1.5% isopropyl alcohol,
by volume, was added as the déveloping solvent After collecting the

initial 25 'ml of solution, fractions of 2.3 ml were collected. Samples of
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each fraction were rechromatographed on 1:;1;ffe.‘rekd paper. Thebaine.
was found in Fractions 4 and 5 and neopi.nev in.f‘r;ctic;ns 5and 6. Co-
deine was found in Fractions 15 through 24.

Run 6

A local ''non-alba' variety that had Been planted October 4, 1957
was grown in the '"silver box'’ controlle'd\g.rowth chamber (12 hour light
- day) until the day of the experiment, February 4, 1958. The radioactive
carbon dioxide was taken up by the plant over a six-hour period in the
small growth chamber. The radioactive carbon dioxide was generated by
adding 2.5 ml of 0. 0264}_M_ sodium bic-arbo'nate (400 microcuries per fnl) to
sulfuric acid. The vibrating reed electrometer indicated 400 microcuries
of radioactive carbon dioxide had been generated.

The plant (43.9 g) wés harvested in the usual manner after the
six-hour periéd and then extracted in a Soxhlet extractor for 20 'houi‘s
with methylene chloride. The methylene chloride extract was evaporated
from 200 ml to 25 ml in vacuo. Total radioactivity in the methylene
chloride extract Wais 12,7 microcprieso

The concentrated methylene chloride extract was then extracted
with 0.1 M phosphoric acid (4 x 50 ml). The resulting phosphoric acid
extract was then washed with methylene cﬁloride '(2 x 25 ml). These
washes were then dried and evaporated to dryness to yield a small amount

of oil (Residue I). Chromatography on buffered paper indicated the pre-
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sence of papaverine or .nar‘coti;‘ne:,'.;..or bo.th,' -

rI“he pH of the washed .ph.osphoric acin s.o__lv'u'Eion was adjusted to
pH 5.0 with concentrated pptassimn hydroxic.lef The adjusted sc;lution
was then‘ extracted with methylene chlq}'ide {2 x ‘25v ml) ‘Evaporation of
the methylene chlbx"ide._ extract yieldec.l.»a small émc;unt of material (Resi-
due II) f;om which a sample was chroﬁqatographed. This shqwea that
the methylene chlori_deﬁﬂ_rernoved most of the papaverine and ﬁércotine
from the aqueous solution. Also a small\amount of fhebaine was found.
An unknown material ha.ving an Ry value between those of thebaine and
papaverin‘e and nargotine was also found. It was not fluorescent but
gax‘/e‘an alkaloidal test Wi,th the iodopla';inic acid spray.

The pH of the‘ adjt‘.;svted aqueous solution was adjusted to pH 8.5.
Lhis adjusted solution was extracted continuously for 18 hours“ with
methylene chloride. The resulting methylene chloride extract was
dried over sodium sulfate and e"vaporated. to dryness in vacuo to yield a
dark residue (Residue'III). Papeﬁ;': chromafcography of a s'mall portion
of ‘;his methylene c;hloride residue indica_ted the pl‘;esen‘ce of mvorphine,
'godeine“,j‘ and th_ebaine, plus ‘various f1u0r¢ scent materia.ls.

The: alk_aloid_al regions of these chromatograms were cutbfrorn
the papers and. eluted .withlfnth_ar}ol, .. However, materials ha;ving an
ultraviolet absorption were also eluted from the paper and gréatly masked

the spectra of the alkaloids.

!
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The remainder of the methylehe chloridé relsidué (Resi&ue I1I)

from the pH 8 5.-éxt1"$§tioﬁ was'diiséf.irlv)ute.d between a m.ixture of 10 ml
of 0. lé/l__-phos‘,ph(oric acid and 10 ml of methylene chloride. The methylene
éhlbride wAa‘s séi)aré;tecli' 'off and ev.a};o'r:‘a.ted to yield a shdall amount of non-
alkaioidal rﬁaéerialj. .The pH'of the‘éq.u'eous s'lolution was adjusted to
1 1 . 0' w;th ?otaééiﬁfn hydrox‘.id(e,» This 'basi\c‘ solution was extracted with
'methylehe éhoridé (3 x 1..0 ml) and this ihethylene chloride extract was
evép(');ated 1;o dryn.e‘sAs‘ to yi.eld a sliz.ght résidﬁe (Residue IIIA) .containing
c’od:éine aﬁd thebaine. |

' Thea pHﬂcl)f th.e Bésic ‘aqueous solution v:/as advjustevd to pH 8.6
and extracted with méthylene chloride (3 x 10 ml). Tke,, extract was dried
and e.vé.pc;ra'ted to dfyness to yield the 'érud-e>morphine -fraction (Residue
11B).
. The reéi.due (Reéidﬁe IILIA)‘ from the basic extraction was dis-
solved in a small ainount of Benz‘ene and adaed to aﬁ alu;rnina column
.'(0..8 >by. 30 cm) A solu!tiéni of 88 5% benzene,"lo%lchioroform, and 1.5%
is.c.Jp'.rop;rllaicohol'wa's 1‘1$Veci>as the éluting'sovlvent. After the first 24 ml
of sol\‘res;lt was icol‘lvec:tedv,v 3ml fraictibns wefe taken. A small portion
o.f:each f;éét{oﬁ (O.lvOO‘ ml) was chromatograi)hed on buffered paper. Frac-
t‘{ions 3 th;oﬁgh 5 contained the '.tl'.lebaine. Fractions 11 through 16 con-

‘tained the code iné .
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The» remainder of Fractions 11 through 16 was > combined and
' evaporated to dryness. The re sult‘ing residue was teken up in 1 ml of
'chloroform. The chloroform solution was then extracted with 0.-,1_-1\_/1
phosphoric acid (3 x 1 ml). The phosphoric acid solution was washed
with chloroform and then i.tsb pH wes edjﬁsted to 11.0 and it was ex-
_tracted with methylene chloride (3 x 3 ml). The methylene chloride \eﬁc-
tract was taken up in 2 ml of 95% ethanol. The ult:ra‘..‘violet spectra was
teken, and twb fractions of 0,500 ml were plated for counting. The
ethanol solution hed a concentration of 0.079 mg per ml )\ EtOH

max
EtOH
287 my, /\

per minute per mg of codeine,

in 265 mM. The ".specific‘ activity was 11, 200 disintegrations
Fractions 3 through 5 containing the thebaine from the alumina

chyromatog'ra‘;phy were evaporated to dryness on amall filter paper circles.

‘These were added to the buffered cellulose column (0.8 by 30 cm) using

E-p_ropanoi:ether:water (2:1:1 by volurne) as the Aeluting solvent. After

the first fraction of 3.2 ml; f‘ractions of 0.7 ml were collected, and

from each of these O; 15 ml ‘portions were rechromatographed on

buffered paper. Fractions 7 and 8 contained the .t_hebaine. These two

fractions were evaporated to dryness and taken up with 1 ml of 0.1 M

vphosphoric acid, v'.The acid solution was washed with methylene’chloride

and the aqueous solution's pH was adjusted to 11.0 with potassium hy-
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droxide. The resulting basic solution was' extracted with methylene
chloride (3 x'1 ml). The'methylene chloride extract was dried and then
~evaporated to dryness. The dry residue was taken up in 2 ml of 95%
" ethanol and its ultraviolet spectra taken. Two 0.500 ml portions were
plated on‘aluminum discs for counting in the plate counter. Ultraviolet
sp”ectré indicated a concentration- of 0.‘628-mg of thebaine per ml of

O]

- \ EtOH EtOH
"~ solution. l\ - 285 m/«. )\:‘min ' 265‘m/4. "The specific activity

- ngax
Was“88',:000 d'isintegvrations per minuteA per mg of thebaine.

The crude r;nor'phine: fraction (ResiduelllB) was spotted on small
filter paper circles and added to the 0. 2M potass:iunﬁ aihydrogen phosphate
~ cellulose powder colurﬁn (0.8 by 30 cm). n-Propanol:ether:water (2:1:1
" by volume) was used as the eluting solvent. After the first fraction of
10'ml, fractions of 0.5 m} were collected, and froin each of these 0.10 ml
" portions were rechromatographed on buffered paper. Fractions 9 through
12 contained the morphine.: Fraction.s 11 and 12 were evaporated to dry-
ness and taken up in 1 ml of 0. I»M'phOSphOri‘c acid. The acid solution
‘was washed with methylene chloride and its pH adjustéd topH 11.0
‘arid washed again with methyleneé chloride. -

' The resulting basic solution's pH was adjusted to 8.5 and the

solution eéxtracted with methylene chloride (3 x 1 ml). The methylene

chloride extract was dried and evapdrated to dryness and later taken up
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in 2 ml of 95% ethanol. The ultraviolet spectra was taken ip acid and
basic solution and Wé,S similar to that chargcteristic of morphine.
Also, 0. 500 ml fractions were taken for plate céunting. Th e specific’
activity was 1350 disintegrations per minute per mg of morphiﬁe.

Run 8

A local''non-alba'' variety of Pai)aver somniferufn (opium poppy)
that haa been planted Octobe-r lé, 1957 was grown in the greenhouse under
natural ;:onditiox;s until the day of tﬁe experiméht, March 19, ‘1958. 'i‘he
plant showed ﬁo sign 'of flower formation.v The\ radioactive carbon dioxide
was generated from sodium bicarbonate (400 microcuries per ml)., The
vibrating reed vele_ctrometexv' indicated that 390 rﬁicrocuries of radioactive
carbon dioxide had been generated.

The plant (34.1 g) was remox}ed from the small growth chamber
after six hours' exposure to radioactive carbon diroxide and placed in
the greenhouse, in the special chamber for radioactive pla;nts, for two
days. After this two-day period of natural growth, the plants were
harve sted‘ in the usual manner. .The general scheme used in Run 6 was
followed for the isolation qf the morphine, .codeine, and thebaine. This
is also outlinéd in Table I‘ of the Discussion. Ho.wever, throu‘gh care-
lessness, the‘ codeine(fralction was iosf. The mérphine had.a speéiﬁc
activity of 50,100 disintégrations per minute per‘r\ng of morphine. The

thebaine had a specific activity of 390, 000 disintegrations per minute per mg.
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Run 9

Another of the local "non-alba variety that had been planted
October 18, 1957 was grown in the greenhouse under natural conditions
until the;vday of the experime.nt, March 24, 1958'. As in all vthe previous
runs, the plant showed no flower formation.

Invth'is run the radioactive c;rbon dioxide was generated from
29.5 mg of radioactive balriﬁrn carbonate (36 microcuries per mg) with
200 mg of arihydrohs barium carbonaté_ to act as carrier for the gas during
ité generatioh, Concentrated sulfuric acid was used to geherate' the
carbon dioxidé, froxﬁ the barium carbonate. The reaction was done on
a vé.cuurh line.and the carbon dioxide was trapped in a U-tube cooied by
liquid nitrogen,

" All of the r.adioactivity (1.060 millicuries) was taken up in

two hours, .at which time the plants (36.9 g). were removed from the
chamber and harvestéd as before. The geﬁeral scheme used in Run. 6 was
followed for tHe isdiation bf the mc;ri)hine, codeine, and thebaine. Mor-
phihe had a specifié activity - of 9200 diéintég-fations per minute per mg.
waever, most of th'e morphirie fraction was‘ accidentally destroyed.
The sa;nple which.was countéd .h_ad an activity of only _14 counts per
minute above backgfoﬁnd énd part of this cé)uld have arisen frém other
sources. Codeine had a specifié activity of 21,000 disintegrations per

minute per mg and thebaine 76,000 disintegrations per minute per mg.
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Run 10 /

/

The same type of local "'non-alba" variety of Papaver somni-

ferum that had been 'used. ih the past vfo'ur runs was us>ed in this run.
The‘planfs had been grown in the greenhouse since tﬁé day of their
planting, October 22, 1957, until the day of the experiment, March 28, 1958.
" The plants took ui) “‘1070"n;1icro‘curies of radioactive c‘arb()n dioxide in
a period of six hours while in the growthv‘chambér'. The carbon dioxide
had Beeﬁ generated from 29.7 m g of radioactive barium carbonate (36 micro-
curies per mg) and 218 mg of anhydrous barium carbonaté as prepared in
Run 9.

After the six—ho@r period in the growth chami;ef, the plants were
rémovéd and plaiced in the special chamber in the greenhouse and allow—:
éd to grow under natural conditioﬁs for 10 days before harve'sting,' Th.e
planj:s were harvested and the alkaloids sveparated as in the previous three
runs that have been described.

The .allgé,loids had the following specific acti\}itieS: morphine,
380, 000; codeine, 424,000; thebaine, 600, 000 disintegrations per m inute
per mg ,O'nly'ab small arﬁount of thebaine was isolated in this run.
The specific activity is probably betwéen 600, 000 and 800, 000 disinte-

grations per minute per mg.
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Run 11

Plants from the same group as those used in Run 10 were used
in this run, They had been grown in the greenhagse until the dey of the
experiment, ApAril 10, 1’95’8. The plants took up 1000 microcuries of
‘radiloa_ctive c.arbo.n'dioxi_de in the sixfhour period they were in the plant
chambe‘r. The carbon dioxide was genera';ed from 27.8 mg of radio-
active barium carbonate (36 microcuries per mg) and 215 mg of anﬁy-
drous barium c'a;bonafe. ’

After the ‘six-h-our period, the plents were removed from the
plant chamber an_d placed in the gree_nh.ou‘se, in the special chamber for
radioactive plants, and allowed to grow under naturel conditions for a
period of five '_de.ys, at which time they were hervested and each of the
alkaloid's specific .aetl;vityfr was determined.

The followiné specific activities were found: morphine, 450, 000
disintegrations per minufe per mg; codeine, 705,000 disintegrations per
v mvinute per mg; thebaine, 670, 000 disintegrations per minute per mg.
Sﬁfficient material remained so that preliminary degradation

work could be done.

Ultraviolet Spectra of Alkaloids and Degradation Products

- For the determination of the amounts of material for the various

alkaloids and their degradation products, the following extinction coeffi-
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cients were determined on pure analytical ‘vsarnples of the following com-

pounds in 95% ethanol:

95% ethanol '~

. Amax.(m/“‘i) ' o éma.x
morphine hydrate o 287 - 1515
codein;e . _ | 2.86 v - ‘1:550
thebaine - - 285 i 7330
normdrphine - 287 : _ 1510
norcodeiﬁé - , 286 ‘ I' v. 1490
dihydrocodeine | 285 . 1600
dihydromorphine | l2.8 5 o 1440
dihydro.norcodeine o 285 | : 1590

‘Small Scale Conversion of Codeine to Morphine using Pyridine Hydrochloride

A 0.81 mg portion of-‘codeine was sealed in a 5 mm Pyrevx tube
under nitrogen with 12 mg of dry pyridine vhydrochloride, The sealed
tube was heated in an oil bath melting point .apparatué at a constant
temperafure' of 220°C forv 6 @inﬁtes,

T.he cold melt was dissoiyed in 3 1_rn10_'f.,:"0° ll\;ﬂiphosphOri'c acid
v.vhichnwas then wasiled with met.h.ylene chiofide (3.’x>3 ml). The pH of

the aqueous solution was adjusted to 5.0 with potassium hydroxide and
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again washed with methylene.ichloride (5 x 34m1)‘. | After> each wash the
pH was \r,eadjusted to ‘5. 0.-

The aqueous pH 5.0 solution's pH was adjusted to 8.5 and the
adjusted solution extracted with methylene chloride (4 x 3 ml). This
methylene'chloride extract was dried and evaporated to dryness -and
later spoFted on filter paper circles and chromatographed on é. 0.2 M
potassium dihydrogen phosphate buffered cellulose powder column (0.8 x
30 cm)using, n-propanol:ether:water: (2:1:1 by volume) as the developing
solvent. After tiae first 4.8 mljwere éollected, fractions of 0.95 ml
were-taken, Fractions 8 and 9 contained‘ the morphine as determined
by paper chromatography of O.. 100 ml of each fraction. Fraction 8
also contained some oiher light blue fluorescent material so .was not
used. |

Fraction 9 was evaporated to dryness and the morphine taken
up frofn the residue with 95% ethanol. The ultraviolet spectra of this

solution indicate the presence of 0.072 mg of morphine (9% yield).

Conversion of Codeine to Morphine using Codeine from Run 11

The codeine remaining from Run 11 was diluted with'l.22 mg
of anhydrous codeine (m.p. 154-155°C) in 10 ml of 95% ethanol. Ultra-

violet spectra indicated the presence of 1. 39 mg of codeine., From this
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solution two 0.250 mlv portions were deposited on i)lanchets for plate

coﬁnting. This indicated a specific activity of 89;0.00 dis.integrations

‘ per minute per mg. From the r-evma.ining solutio.n9 5.0 ml were used in

this experiment and 45 m.l in the conversion of codéine to norcodeine,
The former. was evaporated to dryness in a 5 mm Pyrex tube.

A 20 mg poxftion,of pyridine hydrochloride was added to the tube and

it was sealed Qnder a nitrogen étrﬁosphere. The reaction and work-up

was cafried out as in the previous small "scale run,

From the chromatography, aftér the first 4.5 ml had been col-
1écted, fractions of.0.90 mliwere taken. Af‘ter pé,per chromatography
of 0.100 ml of each fraction, the morphine was found in Fracfion 10.
The remainder of Fractioﬁ' 10 was évaporated to ‘dryriess and the mor-

- . ultraviolet -
phine taken up in 95% ethanol. The/spectra indicated the presence
of 0.076 mg of ‘morphine. in 2.0 ml of e_thanbl (11% yield ).Theé: morphine
had a specific ac.:tivi‘t;r of 71,000 disintegratibns per minute p‘er mg.
This figure compared with the original codeine activity would ’be

562, 000 disintegrations per minute per mg.

Small Scale Conversion of Morphine to Normorphine
A 0.91 mg portion of morphine was refluxed under nitrogen
in 0.100 ml of acetic anhydride for 16 hours. (Bath temperature was

150°C). After the refluxing period, the acetic anhydfide was removed
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in vacuo at room temperature to yield crystalline diacetylmorphine.
The crystalline solid was dissolved in 5 ml of benzene and the solution

was washed with two 2 ml portions of 0.5 M sodium carbonate and two

2 ml portions.of 0.5 M sodiumﬁ ca?rbpﬁate and twv_ov'Z ml portions of water.
The benzene solution wasvdiriedvo_\'/er sodium .s'u}fate and then evaporated
to dryness.

The crystalline residue was dissolved in 1 ml of chloroform.
The solution was added t;) a cold solution (0°C) of 5 mg of cyanogen
bromide in 1 ml of chloroform. The solution was allowed to stand 30
minutes in the ice bath and then 30 minutes at room temperature.’ The
As_olution.was then hgated to rgélux for two and one-half hours. The chloro-
_from was evaporated to dryness in vacuo at room temperature, Two 1 ml

| of chioroform ‘ : ’

portions/were added to the residue and each evaporated to dryness in
w, Th¢ residue was dissolved in 3 ml of chloroform _é.nd washed with
two 1 ml portions of 0.1 M phqsphoric acid. The acid washes were back-
washed with chloroform. The combined chloroform solutions were dried
over sodium sulfate and the solvgnt evaporated to dryness.,

The crystalline residue was heated for five.minutes with 0.5 ml
of concentrated hydrochioric. acid at 1009C. Four ml of water was added

to“‘the solution which W'as. then heated to reflux fof 3 hours. The solution

was then evaporated to dryness in vacuo.
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The crystalline normorphine hyd;qchléride was taken up in
methanol-water solutinn and plated ox; filteera..per circlnes. Thel filter
paper circles were added to a 0. IZI\;I_pvovtassiurn-dihydrogen phosphate
buffered cellulose powder column (0.8 X 30 crr;). An E-pro_panc;l:ether:
1waterv(2:1:1. by volmne) solution was used a‘sA the developing solvent,
After 4.5 ml of the solution had been collected., 0.72 ml fractions were
taken. | |

A 0;.085 ml portion of each fraction was rechromatographed
on Whatman No. 4 paper. buffered with 0.2 M potassium dihyd;ogen
phosphateA, ﬁsing_ n.-propano'l.:ether:water (2:1:..1 by volumé) aé tile
developing solvent. Pui‘e nofmorplﬁine wa; defected in Fractions 9 and
10. Fractions 9 a}nd.lo were each evaporated to dryness and tl;le nor- -
‘ rhorphine taken up from the residue with 95% ethanol. Ultraviolet

spectra indicated the presence of 0.284 mg of normorphine (35% yield).

Conversion of Morphine to Normorphine using Morphine from Run 11

Morphine, rebmav.;ining after éoﬁnting, from Run 11 was diluted
with 1.08 mg of morphine (monohydr;te) in.l-O ml of 95% ethanol. Ultra-
violet spec,t;;-a indicated the presence of 1,20 mg o'f_mbrphine. From this,
10 ml of solutioz.l,‘ two 0, 500 ml portions,, were plated on planchets for
plate counting. .This indicated a specific activity of 42, 760 disintegrations

per minute per mg of morphine. From the rem aining solution, 5.0 ml
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was . used in this conversion of morphine to no-rmorphine. The remaining
4.0 ml was évépérated to drYness and saved.

The 5.0 ml of morphiné solution waé évaporated to dryne ss in the
small reaction flask ﬁsed for the acetylation. A 0 100 ml.poftion of
acvetic anhydﬁde was added tb the flask ahd the reaction mixture r'efluxed
under hitrogen for 16 hours as before. The conversjori ’ovf'. the morphine
.to nofrr;orphine was tﬁeh carried out as in the small scale conversion of
morphine to normorphine (p. 173).

Ultx.-aviol.et spectra of the normorphine indicated the presence of
0 294 m:g of normorphine (55% yield).

| The normor>phine vha‘td a specific activity of 49,000 disintegrations
per minute per mgﬁof no.rmobrp.hine. This figure compared with the ori-
ginal m‘orph-ine activity Would be 516,000 diéintegfations_ per minute per
mg of hérmorﬁhine, or 150, 006 disintegraﬁons per minute per micro-

mole of normorphine.

Conversion of Codeine to Norcodeine using Codeine from Run 11

- The 4.5 ml of ethanol cont&ining the "'diluted" codeine (0.625 mg)
tilat ié de‘s_‘cribed in the conversion of'codeing tvo'morphine using codeine
from Run 11 was evaporated to dryness in the féaction flask used for
the aée£ylati6n of '.the coaéine. A 0.100 rni portibn of acetic anhydride

was added to the flask and the reaction mixture refluxed under nitrogen
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for 8 hours. There was noticeable dai‘keniﬁg' of the solution. (This
did not occur in the acetylatiéﬁ of mo’rphine.) After the refluxing
period, 'thekace‘tic 'anhydride‘ was removed in vacuo at room temperature
to yield monoaéétylcodeine. "The solid was dissolved ir; 5 ml of benzene
énd the solution was washed with two 2 ml portio.ns of 0.5 M sodium car-
boha,té‘ and two 2 ml portiens of water. The benzene solution was dried
6vér sodium sﬁlf_at'e and then evaporated to dxjy‘ness?

The residue was dissolved in 1 ml of chloroform. The solution
‘was added to a cold sol'utvio:n (0°C) of 5 ml of‘cyanogen bromide in 1 ml
of chloroform, T.he solution was allowed to stand for 30 minutes in the
ice bath and then for 30 minutés at room femperature. The solution
was then heated to reflux for two and one-half hours. The chloroform
was then evaporated to drynéss in vacuo at room temperature., Two 1 ml

of chloroform ‘

portions/ were added to the residue and each evaporated to dryness in
vacuo. The residue was dissolyed in 3 ml of chloroform and washed
with two 1 ml portions of 0. 1 M phosphoric acid. The acid washes were
" back-washed with chloroform . The combined chloroform solutions v
: were dried over sodium sulfa_tg and the soive;nt evaporated to dryness.

The r\e»:sidue; was heated .for 5 minutes with 0 5 ml of concen-
trated hyd_rolchloriic‘ acid a.t 1”_000(;', ~Four ml_ of water was added to the
solﬁtiqr} which was then heated ‘ﬁo reflux for 3 ho_urs}. ‘The solution was

then evaporated to dryness in vacuo.
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The noréodeine hydrochloride was fcaker;_ upvi_nv me.thanol and
plated on filter paper circles. The filf.e_r paper c.i‘r_,cles were added to
a0.2M ,'po.ta_ssium dihydrogen phospha._t»e bl_;ffefed cellulose: powder
. colurﬁn (0.8 x 30 crﬁ). An A_ri-jp-.rqpanorlzether:water (2:1:1 by volume) .
solution was usvedrasb the deyeloping solvent. After the first 4.0 ml of
4 solvent, fra‘ctlions ‘.of‘O,_85_m1:we1_'e collected. A portiqn of each fraction
(O, 100 ml) was chromat‘o_grap‘hed upon Whatman No. 4, 0.2 M po-
tassium dihyd;ogen phosphate‘ buffered paper ﬁsing E—propanol:ether:

- water (2:1:1 by volume) as the developing solvent. Norcodeie ‘-was in-
dicated in Fractions 8, 9: and 10,

Fraction 9 was eyaporated to dryness and the norcodeine
taken up in 95% ethapbl_, The ultraviolet_spe_ctra. indicated the presence of
0.125 mg of norcodeine (21% yield).

‘The norcodeix}e had a s:pepifi'c activity of 76, 600 disintegrations
~ per minute per fng of nor,codevine,- _Thi-s figuré con;rlpared with the original
codeine activity would be 607, 000 _disintegrati_o'ryitsv per minut;e per rhg

of norcodeine.

Moderate Scale Preparati.on' of 14—Bromocodeiﬁone

Thebaine (6. 22 g, 20 mmole) was 'suépended. in 20 ml of

~

2:1 (by volume) ace;tone-v?atef fniktufe, A “solution of 3, 7 g (20.8 mmole)

of N-bromosuccinimide in 40 ml of 2:1 acetone-water was run in with -
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stirring over a period of 15 minwutes. The _temperature Was maintained
at 15—18°C by externéQl cooling during the addition, and thereafte: for
10 minutes. Water (100 ml) was added over a period of 30 minutes-
with stirring, whgn the bromocodeinone began to cfystallize. Stirring
was c0ntinued‘folr one hour at 20°C and thep for another 2 hours at OOC.
The product was sucked dry and washed with 50 ml of water. The yield,
drying ‘ ' ;
after/invacuum overnight was 5.6 g (75%). The material exhibited the
same melting bghavior és reported byCox__1roy77. When the sample is
inserted in the melting pc;int apparatus heated to} 15:;l°C, it melts to
a deep red liquid immediately, but if inserted at 1540C or below, it
does not melt, even if the temperature 1s raised above 1570C. Instead'

decomposition takes place in'the solid state, leading to brown amorphous

-material.

Moderate Scale Sodium Borohydride Reduction of 14-Bromocodeinone

A solution, pfepared by dissolving 300 mg of sodium borohydride
in 2 ml of water and adding 5 ml of methanol, was added to a sus.pehsioh of
100 mg of 14-bromocodeinone in 5 ml of methanol.

This solution was allowed to'stand 90 minutes at room temperature
l‘and then placéd on a steam bath under a stream of nitrogen. About half of
the solution was evaporated off. Water was added and the éolution con-

centrated. This was repeated once again.
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The solution which was now basic was extracted with three
equallvoh;.}nes of methyiene .chlori.de.. 'The méthylene chloride ex-
tract was dried voﬁner sodium .sulfé.xte'and e.vé_-po'r'ated to aryness to
')-rield 100 mg of a light‘ yéllow oil. .Né é.ttefnpt Wés made to obtain a
crysta.llir.1e‘provduc't; |

The infrare_d.spe.ctr'xllm of the .oil'was similar to that of neo-
pine. However, chrématography d a small sample von'Whatvman No. 4 _
pbté.ssium dihydrogen phosphaté bﬁffered éaper revealed the presence
of two ofher materials in addition to ne:opine. Aboﬁt half of the material
Was ~heopine, judging from the spots.’

'Half of the residue was -}%ydrogen;ted_ in 5 ml of absolute
ethanol using 4.6 mg of platinum oxide catalyst. The hydrogen uptake’
co.rrésponded to approximately one mol.e, and was completed' after
90 minutes. The catalyst was filtered off and the solution evaporated
to dryness to yield a light yellow oil. About 1 rr{g of this oil'was
chromatographed on 10 g of basic alumina using benzene:chloroform:
isoprépand. (88.5:10:1.5 by volume) as the developing solvent. After
the first 11,0 ml of solution collected, fractions of 4.7 ml were taken.
A portion of each fraction was reéhromatographed on bufféred paper. '
An uﬁidentified alkaloid was found in Fractions 4 and 5 and another
in Fractions ‘5 through 7. Dihydrocodeine was found in Fractions 7

through 10.
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Moderate Scale Lithium Aluminum Hydride Reduction of 14-Bromo-

codeinone in Tetfahydrofuran

A 111 mg portion of 14-bromocodeinone was dissolved in 5 ml
of freshly distilled and purified tetrahydrofuran: To the solution was
added 2 ml of 20,96 M ether solution of lithium aluminum hydride.
The solution was stirred under‘nitrogen for 90 minutes at room tem-
peréture, Ethyl acetate was added to neutralize the excess hydride.
;I“his was followed by the addition of 5.0 ml of 1.0 M _ hydrochloric
acid solution. The acid solution Was washed with three 5 ml portions
of ether. The pH of the aqueous solution was adjusted to-10.0 and the
mixture was extracted with methylene c‘hlorvide (‘4 x 5 ml).

| The methylene chlbfide extract was dried over sodium sulfate
and evaporated to 'dry.rness to yield 81 mg of an oil whose infrared spectra
was identical with that of neopine. Chromatography of a small portion
of the Qil on buffered paper indicated the presence of neopine. as the

major constituent with two minor alkaloidal contaminants.

Moderate Scale Hydrogenation of Neopine

Neopine (103 mg) was dissolved in 10 ml of absolute ethanol
and 5.0 mg of platinum oxide catalyst was added. The solution was
‘hydrogenated at atmospheric pressure and room temperature. One mole .

of hydrogen was taken up smoothly over a period of 90 minutes.
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The catalyst was filte;ed off and the ethanol s_olutién evaporated
to dryness in vacuo to yield 100 mg of~a colorless oil. The infrared spec-
trum. of the oil was identical with that of an authentic _cryétalline sample
of dihydrocodeine. Paper chromatography revealed thé presence of only
one material, dihydrocodeine. A ,s_mavll amount (about i-Z mg) was
chromatographed in IQ g of basic alumina using a benzene:chloroform:
isopropanol (88.5:10:1,5 by volume) solution as the developing solvent.
Fractions _ofv6 ml in volume were collected and 'dihydrocodeine was ’_Eound
in Fractions 6 through 10, This chromatography was the same as a

tridl chromatography of authentic dihydrocodeine..

Small Scale Bromination 6f Thebaine in Chloroform—Acétone

A small s.amvple of thebaine (1.074 mg) was dissolved in 0.025 ml
| of chlofoform. To this was added, with:stirring, 0.0060 ml of a fréshly
prepared 10% solutioh:of Nv—bromosuccini;rnid.:e in é.cetbne. The addition
wés doné o.ve? a 15-miﬁﬁte period.‘ Methanol was added tvvo"the colorless
solution an-ud‘ thén evaporated to dryness.: Papef chrofnétography of é,.por;
tion of the residue indic.ated__the presence of l4-bromocodeinone and

unreacted thebaine.
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Small Scale Bromination of Thebaine in Carbon Tetrachloride

Thebaine (1.19 mg) was disselved iﬁ 0.150 ml of carbon tetra-
chloride, and.‘to this was added 0.92 mg of N-bromosuccinimide. The
mixture was stirred under nitrogen for 17 hours. ‘The mixture was taken
up in méthanol and evaporated to dryness. ’Paper» chromatography of a

portion of the residue indicated the presence of only l4-bromocodeinone.

Small Scale Lithium Aluminum Hydride Reduction of 14-Bromotodei'none

in Tetrahydrpfgran

A small sa.mple.of:14-bromo.c:odeinone (1.021 mg) was dissolved
in 0.050 ml of purified tetrahydrofuran. To this was added 0.020 ml
of 0.96 M ether solution of 1ithium aluminum hydride. The solution was-
stirred under nitrbgen for 90 minutes, after which time th¢ excess hydride
was neu'tiralized‘with ethyl acetate. One ml of 1‘_111 hyd>rochlorvic acid was
added and the mixture washed with ether (3 x 1 ml‘) . The aqﬁeous solution
was basified with a solution of potassium hydroxide and Rochelle salt.
This basiﬁed solution was extracted with chlorqform (3 x 3 ml).
This chloroform extract'was dried over sodium sulvfate and then evaporated
to dryness, Chromatography of a fraction bf the residue revealed two

alkaloidal spots, neither of which was neopine or starting material.
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Moderate Scale Lithium Aluminum Hydride Reduction of 14-Bromo-

codeinme in Ether .

-

l4-Brorhocodeinon,e (99 mg) was susp:epded in ether., _T,o this was added

2,0mlofa0.96 M 'ether solution of lithium alufninum_hy:d,ridg:; A white pre-
-cipitate férmed and the mixture was stirred for 30 minutes in a nitrogen atmos-
phere. . Ethyl acetate wa.s added to remdve the excess hydride. A 1 N hydro-
chloric acid solution (10 mlA) was added to the mixture. The précipitate diésolved
and the pha;ées \;’vere se.parated:.' ’I“he acid hphase.was. washed with ether (3 x 25 ml).
The‘washecvl acid solution was basified with ;a solution of ﬁotaésium hydroxide and
Rochelle salt.. Thé reé\iting basic solution was extracted with methylene chloride
(4 x 20 ml). This extract \n;as dried ove'r'sod‘ium éﬁlvf’,atea.nd evaporated to‘dry-
1.'1ess>'in vacuo to yiela 66 mg o:f an oil,

The infrared speét;-é of the :oil was éifnilar to that of Vnéovpine., Paper
chromatography indicate}_d a small af_n‘01‘1‘nt' of some unideﬁtified alkaloidal con-
tarniﬁaﬁt in addition tko the"neopiﬁe .b |

Approxima.telgr 1 —2 mg of (the oil was chfomato‘gré.phed on basic alumina
using benzene:chlvdlrof-dr:n‘l:isc.)propa‘nol (88.54i10:1.5 b'y'vc}lume) as the developing
solvent. Neopine was theb énly mate.lr'vial elu‘te'd f.r‘om‘the. coiumn with this solvent.

-T}.1e- remainder of the oii:waé h-yd'i'ogenated in absolute ethanol (10 ml)
using 9.9 mg of platinum oxide ca:v.talyst° After 140 rhinutes, no more hydrogen
was being taken up, so the catalyst was vfilltered off and the solution eQaporated

to dryness. Chromatography, on basic alumina, of a small sample of the
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resulting oil indicated that unhydrogenated neopine was a minor contaminant
of the dihydrocodeine. Possibly the catalyst had been poisoned during the

course of the hyd'rogénation,

Small Scale‘ Lithium Aluminum Hydride‘Redﬁction’ih Ether
A small amouﬁt of 14-bromocodeinone (1.022 mg) was dis-
solved in chlorbform and the‘n evaporated to dryness iﬁ the reaction
flask. Dry ether (0.250 ml) was added to the flask, followed by 0.025 ml
of 0.81 M ether solﬁfibn of lithiurnvalurn‘inum hydride. The mxture was
stirred under nitrogen for 30 minutes, after which time the excess hy-
dride was destroyed with ethyl acetate. One ;'nl of 1 N hydrochloric
acid was added to the rhixture and the resulting two phases separated.
The acid phase was washed with ether (3 x 1 ml) and then made basic
with a solution containing potassium hydroxide and Rochellg salt.
The resultiﬁg basic solution was extracted with chloroform (3 x 3 ml).
This chloroform extraét was dried over sqdium sulfate énd then evaborated
to dryness to yield a srﬂall amount of ‘oil.
| Paper chromatography of a small fraction of the oil revealed
only the presence of neopine.
The remainder of the dil was dissolved in 1.0 ml of absolute

ethanol. Platinum oxide catalyst (about 1 mg) was added to the solution
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and the mixfure hydro'genafed for 90. minutes at room temperature and

. atméspheric preséﬁre. After this time the 'lso_lvent 'was 'evaporatéd to
dryness and then a small amount of benzene was added. This benzene
solution containing the alkaloidal mate_rial_ and-a small éortion of the
~catalyst wés added t'o.th;a_: top 6f a'ﬁ aikaline a,lu#iir;a ‘(10 g) chrOmatography
column (0.8 x 25 cm). A benzene:chloroforrp:isopropanol (88.5:

10:1.5 by'volume) solution was used as the devel;oping .solvent, An
aliquot from eaqh fraction was reghromatographed on buffgred paper.

Dihydrocodeine was the only smaterial eluted from the alumina column.

Small Scale Pyridine Hydrochl,ofide Cleavage of Dihydrdcodeine

Crysﬁalline dihirdroc>ode.in.e' (0.572 mg) was dissolved in methanol
éhd added to the bott:cifn of a 5 mm Pyrex tube. The solvent was eva-
porated off under a st‘r‘ear.n of Illi._tﬂrogen and 20 mg of pyridine hydrochlor-
ide was added to the dry tube aﬁ& the fube\ sealed und'el;. nitrogen.

.The sealed tube was heated at 220°C for 6 minutes in a
siiicone 0il melting point appbar‘atus and' then immediately cooled.

The cooled fnelt was.taken up in 3 ml of 0.1 M phosphbric acid.
The pH of the acid solution was adjusted to 5.0 with a 5% solution of
potas'siu:m hydroxide. The édj@sted solution was washed five times
with equal parts of chloroform. After each wash the pH was again

adjusted to 5.0. The pH of the washed solution was adjusted to 8:5
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and this solufion was extracted with chloroform (5 x 4 ml).

The chloroform extract was dried over sodium sulfate and eva-
porated to dryness. The residue from the chloroform extract was plated
on fi‘lter paper circles wéhic'h were added to'the top of a 0.2 M potassium
dihydrogen phosphate buffered cellulose powdér column (0.8 x 30 cm). |
An n-propanol:ether:watér (2:1:1. by frolume) solution was used as the
a_eveloping solve.nt‘.

After the 5.‘0 ml of solution had been collected, fra.c'tions of
0.62 ml were taken. | From each ffaction 0.10 Inﬂ was rech.romatographed
on buffered paper using the same dlevelopzi.:ng solvént as in the column
vchromatography. Dihydromorphine was found in Fractions 9, 10 and
11. | These fréctions were vcombined apd evaporated to dryness. The
residue, con1.:a'1ni1.'1g" some inorgalnic material, | wés washed with ethanol
and its ultraviolet stpectrum run. the ultraviolet speétrum indicated

* the presence of 0.160 mg of dihydromorphine.

Preparation of Dihydronorcodeine by Hydrogenation of Norcodeine

Recrystallized norcodeine v(l. 0 g) was dissolved in 25 ml of
absolute ethanol.' To this was added 57 mg va "p‘ltatinurn oXidé catalyst, -
and the mixture was hydrogenéfed at room. temperature and atmospheric
pressuré for 90 minufes. VO‘n‘e mole of hydrogeﬁ was taken up' svmoothly

in this time. The catalyst was filtered off and the solution evaporated to
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dryness to yield .a crystalline product. The crystalline residue was re-
crystallized from ethanol, and the first crop of needles was sublimed

at 140°C, 0.01 mm of mei'cury pressure, to yield 700.mg of white

. 80 95% EtOH
. R o
powder (m.p. 199-200°C).. Reported =~ m.p. 194 CA max 285 mA4 .
| | 95% EtOH
€ = 1590. min 258 m M €=320. .

Small Scale Conversion of'Dihydrocodeine to Dihydronorcodeine

A methanol solution of dihyd;ocodeine (0. 46 mg) was evaporated
to dryﬁess in the‘ reaqtion‘ flavslrc ﬁsed for the ac;etylation. ’i‘_he same con-
ditions as thosé erhployed for the COnQeréion of code‘ine to noféodeine
using cédeine ‘-fr.lorn‘ Rﬁn 11 (p. 176 ) were employed.

| In the.chron';ato»graphy of the crude.dihydron'orcodeine, an
initial fraction of. 5.0 ml was taken and then f.réctions of 0.62 ml.
Dihygironorcheine was indicated in Fractions 8 kland 9, Each fraction
was evaporated to dryness and thé dihydronorcodeine tak‘gzn up in
95% ethanol. The ultraviolet spectra indica;ted.the presence of only

0,027 mg of dihydronorcodeine.

‘vTvrial Thebaine Dg.grédation ‘tov Diﬂydrocodeine

In a typical thebainé Aeéradafioﬁ 2,498 rﬁg of thebaine was
taken up in-c}lﬂor‘oonrbr.n and evapofated to dryness'in the flask used
for the bromination.. ‘The resiciue was dissélved ‘in 0.250 ml of carbon

tetraghloride. To this solution 1.59 mg of N-bromosuccinkmide was
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added and the mixture stirred under nitrogen for 18 hours.
The mixture was evaporated to dryness, and ‘,to. it was added
1 ml of dry ether. A 0.81 M ether solution of lithium ahﬁninum hydride-
(VO. 100 ml) was added and the mixture stirred under nitrogen for 2 hours.
Ethyl acetate was added to the mixture to remove the excess hydride.
This was followed by 2 mi of 1 N hydr.ochloric acid:. The phases were
separated énd the aque-ous.phase washed with ether (3 x 2 rhl).. The
washed acid solution was made basic by the addition of a solutidn_
containing Rochelle salt and potassium hydroxide. This basic solution
was extracted with chloroform (4 x 3 ml). The chloroform extract
was driéd over sédium éulfate’ and évaporat’ed to drynéss. Paper
chrofnatography of a small fraction of the residue indicated neopine
a's the oniy pfod.uct.
The residue from fhé hydride extract was dissolved in-1,.0 ml
of absolute ethanol. Platinum oxide catalyst (i m‘g) was added and the
mixture hydrog_enr;ted for 2 h>ours° A srﬁall sémple (0.025 ml) was
takeﬂ frorﬁ the solution and.chromat'ographed‘ on buffered paper. Dihydro-
codeine was the only a.lkaloidal xila;tefial.' .> | )
The remainder of.the hy:drogenation sovlutAion. was evaporated to
drynéssvand then talgen up in benzene. Only abbut half of the dihydro-

.codeine went into solution; possibly the dihydrocodeine that did not go
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into solution was in the form of a salt.. This benzene solﬁtion was added

to a chromatpgraphy column (0.8 x 25 cm) containing 10 g of basic
alumina. A benzene:chloroform:isopropanol {88.5:10:1.5 by volume)

: solutiovn was the developing'solvent.' After the first 4.5 ml, 2.0 ml
fractions were collected and from each of them 0.200 ml was rechromato-
graphed on buffered paper. .Frac_tions 14 through 21 contained dihydro-
éodeine, These fractions were. combined and evaporated to dryness. |

The ultraviolet spectra in ethanol indicated the presence of 0.575 mg

of dihydrocodeine,

Run 12 -—.}Isolation of Morphine, Codéin,e, and Thebaine

The plants u.sed in this evxp>eri_rnent w.ere a..local ""non-alba'"'
variety fhat had ‘t;een planted -1\/'[‘arch 14, 1958 and. :;llovs;ed to grow in
the ''silver box'" plant growth chamber from Méy 7; 1958 until the day
of fhé éxéeriﬁen£, July 29, 1958.. Thé plant (6.10 g) took up a total
of 2.>0 m‘il’licﬁ'ries of radioactive ca'ri);)r; dioxidé during vthe ‘six-h'our
period that it was in the chambe?. The car}.mn. diox.ide. vs./a.s génexated
fr;:)m 207.7 mg of ba;ium cé’rbonaté (0.116 miliicﬁries per mg).

After the six-hour vperiod, the .r‘em.'z.tining radioactive carbon
di;)ﬁde w.as fl;lshed fbromvt}.1e chamber and the plant. harvested. The‘
plant was frozen. in liquid nitrééen and crﬁshéd in the usual manner.

The crushed material was extracted in a Soxhlet extractor for 20 hours
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with methylene chloride. The methylene chloride exktr‘act was evaporated
from 150 ml to 25 ml in vacuo.

The concentrated methylene chloride extract was then extracted
with 0. I_M_ phosphoric acid (4 x 45 ml).v ‘The re sulting phosphoric acid
extract was washed with hexane (2 x 25 ml). These washes were dis-

. carded since they contained no alkaloidal. material.

The pH of the washed phospharic acid solution was adjusted
to 5.0 with a concentrated potassium hydroxide solution. The adjusted
solution was extracted with methylene chloride (2 x 25 ml). This
methylene chloride extract Waé dried 6ver sodium sulfate and evapor-
ated to dryness. This extract (II) contains papaverine and harcotine
and other unknown plant material.

}I"hzep_:Hbf‘fthe adjusted aqueous solution was adjusted to 8.5
and the solution extracted continuously for 18 hours with methylene
chloride. A good disPersionA tube was used in the extraction. This
‘methylene c.Horide exfract was dr_ie‘d over so-dium‘,sulfate and fhen eva-
porated to dryngss to yield a dark residue (111).

The re‘sid.ue fror_n_f.che ﬁéthylene chloride extract (I1I). was
distributed between a mixture of 10 mliof 0.1 M phosphoric acid
and 10 ml o.f methylene chloride. The methylene chloride phase was

discarded. The pH of the aqueous solution was adjusted to 11.5 with
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4potassium hydro~xide.-.‘ This basic solution was extracted with methylene
c.hloride (3 x 10 ml). Thé- methylene chloride extract was dried over
svodiur‘nv sulfate and then evaporated to dryness to yiéld a slight residue
(IIIA) A .small frac-t.io'n (1/20) of the residue (IIIA) was chromato-
g'raphed on Whatman No. 4 potassiurn dihydrogen phosphate buffered
paper using 2—pro'pan01:efher:.'waterx(Z:l:1 by ’voluxne")"as‘the developing
solvent, Codeine and thebaine were found, |
The pH of the basic aqueous sol‘uti'o'n‘was‘ adjusted to 8.6 aLnd
extrécted with methyleﬁe chloride (4 x 10 ml). The extract was dried
v’ovér sodviumUSulfate_ and e\"/'aplorvat‘ed to dryness to yield a slight brown
'41'e'si<viue (IIIB');' :CHi'omat'o'gralphy as in (IITA) indicated the presence of
morphine in (IT1IB). |
. Thé residue (IIIA) from basic extraction was dissolved in a
‘small amount of benzene and added to an altii*nina‘(lo'g) column
(0.é x 25 cm) A benzene':c'hl"orvofo"'rm':'isldprop‘ﬁanol (88.5:10:1.5 by
v;)iunie) solution was used as the 'developing solvent. Fractions were
collected and from each an aiiquot was taken and chromatographed on
buf:fel;'ed paper using the same 5ystem as was used on the cfude extracts.
.Theb.ai;né was found in the early fractions and codeine in the later fractions.
' The fractions containing the codeine but not fluorescent con-
tam'..inall'lts were combined and 'e'vétporafed to dryness. The resiciu’e was

taken up in 1 ml of chloroform and extracted with 0.1 M phosphoric
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acid (3 x 1 ml). The phosphoric acid sol ution was, _washed with chloro-
form and then its pH adjusted to 1v1.0. This basic solut_ion was ex-
tracted with methylene chlbride (3 x 3‘r’n1). The methylene chlqride ex-
tract. was dried and ‘evaporated to dryne'ss. The residue was vwashed
wi'gh 2. 0{ ml of water and its ultraviole'g spectra indicated the presence of
0.050 mg of codeine. From this solution two 0.050 ml fractions were
plated on planphet.s for counting and 0.200 ml was spotted on buffered
-paper and chromatographed as usual., The paper strip counter indi-
‘cated that the only radic;aqtive material was the codeine. The specific
activity« Qf ’;he codeine from the plate counting was 1, 600, 000 disinte-
grations per minute per mg of codeine, or 478, 000 disin£egraions per
‘minute per m@cromole of cpdeine,

The theb_aine-fractiops were combinedv_and evaporated to dry-
ness on _filter paper circles. These were added to the buffered cellu-
iose powder golu_rnn. An n-propanol:ether:water (2:1:1 by volume) solu-
tion was used .as the deyeloping solvent. After the first 5 mllof éolu-
tion was collected, fractions of 1.4 ml were taken. From thgse, 0.100
ml aliquots were taken and rechromatographed on buffered paper.
These indicated the presence of thé‘bv.aine in Fraction 5 and 6. How-
ever, othe_r nonalkaloidal fluorescent material was found in Fractionb

which contained most of the thebaine. In later runs, smaller fractions
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should be colBected from the chr:omato.graphy.‘ Fractions 6 and 7 were
combined and then purified in the sarrfe manner as the codeine fractions.
The pape.ar chromatograms of the ~_pur:r‘ified:fvréic'tioris v6 and 7 were run
through the paper strip counter. The theb'ain'e‘sp‘(‘)t Was the only loca-
tion of Ifadioa'ctivity, ‘Counting of the purified Fractions 6 and 7 re.-
vealed 22, 500, 000 disintegz;ations pér 'n:1.inute per mg of thebaine, or

K 7,000, 000 disintegratio’ns p‘ér'mi'nute' per micromole of thebaine.

The original .Frac.t’idn 5, containing fnoét of the thebaine, was
diluted with 1.131 mg of the.bai'ne and rechromatographed on cellulose
pdwaér as before. After collection of 6.2 ml, fractions of 0.54 ml were’
taken. Thebaine was foﬁnd' in Fractions 6, 7 and 8« Fractions 7 and 8
were evaporated to dryness and then taken up in et’h_an':ol and their
ﬁltraviolet spec‘tr’a determined. From Fraction 8 samples were taken
for countiﬁg and for rechromatographing on buffered paper. The the-
_'ba.in'e spd’t was the ohly radioactive' material found using the paper strip
counfér, " The plate countihg revealed that this diluted thebaie had a
sperciffc‘: activityzof 1,990,000 di'sint'vegra'tvi'ons ‘p'er minute iaer mg of
.t'hebaine.

The crude morphine fr.act.i-o'n (IIIB)vwas ‘spotted on small filter
pdpér vci'r‘cvles and added to a 0. 2 M potassium dihydrogen phosphate

cellulose powder column ( 0.8 x 30 cm). An n‘—propanol:ether:water
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(2:1:1 by volume) solution was used as the developi_ng solvent. After
the first 9.8 ml had been collected, fractions of 0.60 ml were taken.
, From these,: 0.050 ml was rechromatographed on_buffered paper.
Morphine was found in Fractions 6 through 8. Fractions 7 and 8 were
eachaevvap.orated to dryness and taken upin 1 ml of 0.1 M phosphoric
acid. The acid solution wés washed with'_methylene chloride and the
pH of> the ‘aq.ueous solution adjusted to 11,0 and washed agaiﬁ with
- methylene chloride. The‘ wé.shed basic solutilonfs‘; pH was adjusted
ba"ck to 8.5 and the sglution extracted with methylene chloride
(4 x 1 ml). The methylene_ chloride ve’xtrac‘t was dried and evaporated.
to d>rynehss ?rid later taken up in 95% :ethanol, The ultraviolet spectra
of the etha;nol solution was determined. Also samples were taken
for plate counting and paper chrbrﬁatography. -The counting indicated
that the moi'phine had a‘specific activ.ity of 165,000 disintegrations per
minute per mg of morphine, o; 50, 000 disintegrations per minute pér

micromole of morphine.

- Run 12 -- Conversion of Morphine to Normorphine
The remainder of purified Fraction 7 from the cellulose
powder chromatography of the crude morphine was diluted with 0. 844mg

~of morphine to give morphine with a specific' activity of 26, 800 dis-
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integrationsv per minute per mg of ::mofpﬁine, or a.'c.iil'ution factor of -
6.15. About half of the mofphine (0.47 mg) was evé.porated to dry-
ness in the flask used for the acetylation. The method of dégradation
Was the same as that for the small scale conversion of morphine tonor-
mozxphing, (p. 173),

Ultrav‘iolet spevctra. indicated 0;056 mg of pure normorphine
in the normorphine fractions. The normorphine had a specific acti-
vity of 12,200 disintegrations per minute per mg of normorphine.
This figufe multiplied by the dilution factor, 6.15, gives a valué of-
75, 600 disintegrationé'per minuté per mg of normorphine (idndiluted)

“or 20, 300 disintegrations per minute per rhicromol_e of normorphine.

’\

Run .12 -- Conversion of Codeine to Morphine

The rema_inde; of the purified codeine frqm Run 12 was di-
11;ted with codevine to give 1.13 mg of d'}luted codeine. The diluted
codeine had a specific activity of 69, 500 disintegrations per minute
per mg of codeine or a dilution fa'ctor of 23.0, Fifty perceﬁt of the
codeine v:/as used in this conversion of the éodeine to morphine. It
“ was dissolved in methanol and evaporated to dryness in a 5 mm Pyrex
glass tube. Approximately ZO'mg of pyridine hydrochloride was
added to the tube containing the codeine and the tube sealed under

nitrogen. The reaction and its work-up was the same as in the pre-
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liminary small scale conversion of codeine to morphine (p. 171 ).

In the cellulose powder chromatography after the first 9.0
ml had been taken, fractions of 0.75 ml were collected. From éach
fraction 0.100 .rﬁl aliquots.were taken and ch‘rorhatographed on buffered
paper. Fractions 6 and 7 contaihed-pure morphine .as. indicated from
the paper chfomatogram. Fractions 6 and 7 were .combined and eva-
porated to dryness and the morphine taken up in 1 ml of,95>% ethanol.’
The ultraviolet spectra of this solution indicated the presence of 0.041
- mg of morphine. The morphine had a specific activity of 39, 500 dis-
integrations per minute per mg of morphine, or 11,900 disintegration's,‘
per minuté per micromole -of rﬁorphine. These values multiplied by
the dilution factor, 23.0, give values of 910,000 disintegrations
per minute pér mg of morphine, or 274, 000 disintegrations per
minute per micromole of morphine. These last values then would be
é comparison of the results that might have been obtained had un-

diluted codeine been converted to morphine.

Run 12 --. Conversion of Codeine to Norcodeine

‘Part of the remaining diluted codeine from Run 12, described
- in the conversion of codeine to morphine (p.l96), was used in this

conversion of codeine .to norcodeine. This amounted to 48% of the
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origihal diluted éodeine.’ (Two percent was used for counting.) This
diluted‘co'dein'e' was taken up in methanol and evaporated to dryness
in the acéfylation flask. The experimental procedure is the same as
that employed in the conversion of codeine to norc_‘:'odeine ,ﬁsirig
material from Run 11 (pl76).

"The norcodeine fractions were co‘mbivned‘ and evaporated to
d;yhess, and the norcodeine taken up in 95% ethanol. The ultravjmlet
spectra indicatel vthe presence of 0,124 mg of norcodeine. The nor-
é'odé'ine' had a"spe;cific activity of 38, 200 disintegrations per minute
per fng of norcodein’e., or 10,900 disintegrations pef. minute per
micromole. These values multiplied by the dilution factor, 23.0,
givé the followiné values: 880,000 d.isintégrations- per minute per
' mg of norcodeine and 251, 000 disintegrations per minute per micro-

mole of norcodeine.

Run 12 -- Conversion o-f Thebaine to Dihydrocodeine

Part of the diluted thebaine (0.541 mvg) de.s.cr‘ibed‘i.n Run 12
~ was diluted with 5.000 mg of pure theBaine and divided into two equ;al.
‘fractions. One fraction wa.xsw{i‘sed in this series of reactions. It was
~ taken up in chloroform and evaporated to dryness in the flask used

" for théT ibromination. The residue did not entirely dissolve when 0.250

ml of carbon tetfachloride was added. To the mixture 1.71 mg of
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N—bromosqcciﬁiamide was ad_dgd and the mixture .‘stirred under nitro-
gen for 17 hoqrs. ~After the 17-hqg_r period, a small fraction was
: chrbmat_ographed on buffered paper. 14-Eromocodeinone was the
only alkaloidal mate r:i.al found. |

The mixture was evaporated to dryness and to it was added
1 ml of dry ether. Under a nitrogen atmospher, a 0.81 M ether solu-
tion of lithium aluminum hydride (0. 100 ml) was added and fhe mix-
ture stirred for 2 hours.. Ethyl ac.etate was ne?c-t added to the mixture
to neutralize the excess hydride. This was followed by 2 ml of 1 N
hydrochloric acid. _Tﬁe phases‘ were separated, and the aqueous phase
.washed with ef;ﬁer (3 x2 rnl) The washed acid solution was made basic
by the addition of a'solution containing Rochelle salt and potassium
hydroxide. The resulting basic solution was extracted with chloroform
(4 xv?z ml). The chioroform ex‘tract waé dried over sodium sulfate
and eﬁaporated to dryne ss, Paper chromatography of a small fraction
6f the re siciuéj indicated some other alkaloidal material in addition to
the neopine. k

The resi_dug .fro‘rn the hydride exfract was dissolved in 1.0 ml
of absolute et.hanol.- R atinum_qxide _cataly_st (1 mg) was added to the
mixture and hydrogena’ged for Zhours. A sﬁall sample was taken’'and
the solution ,chrornatographed on buffered ‘pape‘r. Some unknown alka-

loidal material was found in addition to the dihydrocodeine.
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bTh.e-vren;xa‘index‘- ‘ovf .t.he hydfdgen‘ati‘(")hy zs'cslititi‘ori' was 'eva'porated to
dryness.' Only a frécfioh of the dihydréébdéine :\x:/exnt into solution when
bénzené vs;as added. }Th”e bénzeﬁé s\‘ollutilon '\}vas; ‘-hfoweérei',. added to the
chromatogr’éphy column. containiﬁg alumi'na.. .‘ A Bé‘nzer‘le:c.h,l'oroform:
i;oprépanol (‘88‘,‘5‘:1.0:1,‘5 i)y ‘x}olﬁ’rinev) solution was used as the develop-
ing solvent. ZAfteﬂrvt‘hel fifst 8.5ml, 3.2 ml fract::‘tons we‘r'e.vcollected,.
The unkno;avn alkaloidal rn.atlerial was found in ‘Fliactions 5 and 6.
Diilydx;ocodeiné wég .found' 1n Ffac‘tionsv 11 throuéh :17... vThese frac-
tions .were. combined Ié.n'cl :evapoxv"aéed toy dryn‘ess.. The :re sidﬁe was wash-
ed v?;ith ethua.:nol‘?and 1ts ultraviolet sp;ectrum iﬁdi}:a‘ted t-he pfeéence-of
0.432 mg of d‘ilhydroc‘odeﬁin.e. The dihydrocodeine had a spécific
activity of ‘101;.000 disir;tegbra;tio‘ns per minute pér mg of dihydro-
codeine, 1o'r 30, 400 disintegratioﬁ‘s pér minute pef microfnole of
dihy;ir.oc“odeine. These values rﬁﬁlti;;_ned by the dilution factor, 104,
.givé' the foliowing Valuééz 10,”50A0, 000 dis:ir;tegrAations pér minute per
mg of dihydrofﬁofi:hin‘é; and 3,160, (-)OOvdvis‘invtegr.atibns per minute per
micromole of dihydrocodeine.

The remainring- fraction :of ‘d:iluted thebainé was treated in the
sam‘e mannér as the method described above. Tﬁis dih&rdfoc‘odeine had
‘a sPecific activi:ty of 119; OOO disinfégratiohé per minute per mg of

dihydrocodeine. ‘
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Run 12 -- Conversion of Dihydrocodeine to Dihydromorphine

Half of the dihydrocodeine (0.216 mg) remaining from the con-

version of thebaine from Run 12 to dihydrocodeine was dissolved in

‘methanol and evaporated to dryness in a 5mm Pyrex tube.. ‘Approximate-

ly 10 mg of pyridine hydr.oc.hlbride was added to ‘t‘he tﬁﬁe :Nhich then
was sealed under nifrogen. Thelwork-.up was the same as that of the
snﬁall. séale bonversion of dihydrocodeine to dihydrorhofphine (p.186).
From the chromatography after the first 8.0 ml, fractions
of 0.70 ml were collected. Dihydromorphine was found in Fractions 7
and 8. Each fréction was evapbrated to dryness and taken'up in
95% et’}vxanol, The ultra.violet speétra of‘F‘rac‘tioh 8 indicated the
presence of 0.028‘mg of dihydromorphine. A small amount of po-
tassium i’lydroxide was added to Fraction 7 and its ultraviolet spectrun
underwent the characteristic base shift of phenols. The dihydromor-
i)hine vhad a specific activity of 117, 000 disintegrations per minute
per rhg of dihydrorﬁorphix;e or 32,400 diéintegrations per minute per
micromdle of dihydx.'omorphivne° These vavlue‘s multiplied by the dilution
factor, 104, give the foll.owing;ralues: 12,200, 000 disintegrvations per
minute per ﬁg ofvdihydromorphine aﬁd 3,370,000 disintegrations per

minute per micromole of dihydromorphihé.



202

Riln 12 -- Conversion of Dihyd;‘ocodeine to Dihydronorco_deine

Half of the dihydro;odeine (0;216 mg) "ren.nainin.g f.xom the con-
version of thébaine frqm Run 12 to dihydrocodeine was dissolved in
methanol and eva;porated to dryness in the flask used Afor the acetyla-
tion. The same conditions as tﬁose employed for the conversion of
codeine to nqrcodeine from R_uﬁ 11 _(I;;l‘76,) and of the small scale con-
vefsion of dihydrovc.odeine to dihydroporcédeine (p..18,8)were employed.

In the chr.omatqgraphy ;)f the crude aihydronorcbdeine, an
initial fraction of 2.5 ml was taken and then fractions of 0.55 ml.
‘Dihydrocodeiné was iﬁdicated in Fractiion i4 ‘which was evaporated
to drynve‘ss 'add thLe d'ih};'drocodeine .takeril up »in 95% ethanol. The ultra-
violet spectra indicated Aonfly 0.0072 mg of dihydrénoréodeine being
present, The dihyd:r‘ono.rcodeine had a specific activity of 65, 600
disintegrations per minute‘ per mg Vof dihydronorcodeine or 18, 600
disintegrations per minute p"er'micromole of dihydronorcodeine.
These Qalues multiplied bky‘ the dilution fag:;cor of ’;hebaine, 104,
are as follows: 6,750,000 disintegrati‘oné iaer minute per mg‘ of
dih.ydronorcodeine and 1,‘9>3'0, 000 diéintegrétions per minute per
micromole of dihjrdronorcvodeinev. Because. of the smail amount of
material isolated, the above figures are only accurate to within

about $2 0%.
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