Tetrahedron Letters No.4, pp. 483-486, 1968, Pergamon Press, Printed in Great Britain.

THE SYNTHESIS OF CODELNE AND MORPHINE GLUCURONIDES
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Codeiné and morphine, when administered to animels and human, are excreted into their urine
mostly az the glucuronides, shich are not well characterizel, Therefore it seems to beg important
to synthesize these glucurcnides for the identification and characterization of the urinarr usita-
bolites and tnrir pharmacological and toxicological studies,

We now wish to report the first synthesis of these glucuronides. Among these, codeine
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glucaroniie was successfully synthssized by ilhe utilization of Koenigs-Knorr reaction ’as follows:
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The condensation reaciion of codeine (Ia) and acetobromo dsrivative of glucuronic acid (IT)
was performed in boi'ing dry benzenes and the presence of freshly prapmred dry silver carbonate.

The reaction product was purified by silica gel columa chromatography and recrystallized with
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Et0d to colorless needles, m.p. 112-1140. Elemental analysis and spectral data were in good ac-
cordance with the expected struoture of C31H37012N- 2H20. UVhi:zH mu (log £) & 287 (3.22),
[a]g6- 140° (C = 0,5 4n CH013). Oxidation of codeine to codeinone which has been reported by
Rapoport, et al.,2) was not taken place under this specific condition.

B-Configuration of the glucosidic linkage was obvioas from the optical rotation and also con-
tirmed indirectly from the NVR spectrum (60 lg, CDClB) which did not show any signals around 7,31
PaPoll. (J1,2 = 3 ¢ps), corresponding to that of the equatorial Cl-H3),

Removal of the protecting groups fromv(IIIa) was performed stepwise; (IIIa) yas converted,
at first, to (IVa) by the solvolysis with a catalytic amount of Nad¥e and then to (Va) by the
hydrolysis with an equivalent amouat of aj. Ba(OH)2 and the following treatment with oxalic =zcid,
The final product, taus obtained, was reorystallivzed from 320-&é0H 4o colorless prisms (Va),

Cy 400" 1/ 1,0, mepe 276-278° (decomp.). vaizli my (log €) & 285 (3.23), [ocjf)’3 - 216°
(C = 0,5 in H2O). The IR spectrum of this glucuronide revealed a strong peakx at 1609 cm-l (¥Br)
which suggesi=l that it shonld exist as th- ionized forn,

The synthesis of morphine-f-glucuronids was similarly performed as that of codeine glucuronide
utitizing 3-acetylmorphine as the starting materia) which was prepared by the selective acetyla-

4)

tirn of worphine according 1o the method of Welsh . Elemerntal analvsis of the methy

P
®
a
@
<+

5
W

)

derivative {(I7Ib; atfforded the formula of CBQHBWUIBN“ /2 HZQ. Tt was recrystailized from Et0H
;
o . sor a0 26 o . EtOH _,
to ooloriess prisus, Mmep. 160-3186, f&]D - 1407 (£ = Q0.5 in CHClB). ka'max mg {log € ) + 283

(3.35). The MR spectirmin 1id not show the signel owing to she zgua‘toria? Cl-H, and supported
B-coafigurational s .ratiure of tnis glucuronids derivailive.

The free glucuronide (Vb), C O N* 2H20, was recrystallized from H,?-EtOH to colorless

d,

B e 7 JlTa)

. o 00 . " .1ENand
prisms, m.p. 254-256" (decomp.). UV"mgX mp (log £) : 286 (3.18), )'mai_La

my (log £) & 298
(3.45), [oc]iB- 172° (€ = 0.5 in H,0).

%ince the UV spectrum of this glucuronide showed a marked bathochromic effect in alkaline
ROV, T NS IR TUIAT mART T PRARTEES Ui Dred glwnclle splrregl grovg. Do the IR spastoarn
the existencs of the noi-ionized carboxyl peak at 1750 cm-l and the strong hydrogen-bonded hydro-
xyl peak around 2640 cm‘-l suggested -hat the structure should hs best described as (Vb).

Application of this method <o the synthesis of morphine-3-glucuronide by the use of t-acetyl-

*
mardnine &S The STArtIng meteriEl Wwas ot suwwumneiudi.  Witenedloe aettavl of elivniol, oL @bl

* Tt could be easily obtained from 3,6- diacetylrorphine by partial dszcetylation with hydroxy-

\
lamine according to the method of Wright.é'
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in which the condensation was performsd in the presence of mercuric cyanide in acetonitrile, was

found to form the expected glucuronide derivative in a congiderable yleld, however the following

hydrolytic removal of the protecting groups resulted in a cleavage of the glucosidic linkage .
Finally we succeeded in this glucuronide synthesis by the condensation reaction of morphine

(VI) and sugar derivative (II) in NaOH-acetone as follows:
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vil VIII

Do a solution of morphine (VI) in aq. ¥aOH was added a solution of (II) in acetone, and the
mivture was allowed to stand over night. It formed two layers, aqueous (lower) and acetone (up-
perj, end precipitated a considerable ameunt of unchanged worphine, With an addition of conc,
ags. NaOH, this unchanged morphine was again Aissolved under stirring. To this, a solution of
(II) in acetone was added and the mixture was again allowed to stand over night. Such a proce-
dure was further repeated several times more.

Thin-layer chromatographic examination of this reaction mixture seemed to support that the
reaction proceeded through the sequence describted in above figure. The intermediate (VII),
which formed gradually over night, was distributed more into acetone layer than agueous alkaline
layer, and therefore protected from the hydrolysis of its glucosidic linkage, It was then qu-
ickly hydrolyzed during the stirring procedure to the free glucuronide (VIII) which was trans-
ferred mostly into aqueous layer, but no more unstable against alkaline.

The free glucuronide (VIII) was thus accumulated gradually in aqueous layer, The reaction
mixture, after extraction of unchanged morphine with CHClB- iso PrOH (3 : 1) at pH 9,0, was passed
through a column of Dowex 50W-X8 (H-form), The glucuronide (VIII) was eluted with 0,158 NH4OH
and rzcrystallized from HQO to colorless needles, m.p. 243-2460 (decomp.) . UV'A&E: my (log &)

28 . -
28% (3.24), [a]D -132° (C=0,5 in H20). The strong IR absorption band at 1597 cm 1 (kBr) due

* This is probably due %o salting out mechanism by NaBr which is produced in the reaction mixture.
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to carboxylic i~n indicated that this gluemronide had an ionized form same as codeine glucuronide.

.

Woods7), and Fujimoto and Way °~ isolated "bound" morphine in a coystalline form from the dog
bile and from the human urine, after dosing morphine, respectively and characterized it as mor-
phine-3-glucuronide. We also found by thin-layer chromastography that rabbits excreted, when in-
jected morphine, morphine-3-glucuronids in urine, but not morphine-6-glucuronide.

However therz scems to be minor differences between the descriwtion on our synthetic morﬁhi-

nz~3~-glucuronide and -hose of above workers, Woods gave to this glucuronide the dihydrated

formu1a7), (Found : C, 55.15, 55.49; II, 5.82, 7.063 N, 2,96, C_ ,H ONe 2H O requires C, 55.6 3

232779 2
B, 6.27; N, 2,82), but our synthetic sample was analyzed as 623H2709N‘ 2 1/2 H20 (Found: €,
54.60, 54.693 U, 6,29, 6.34; N, 3.07, 2.78. It requires C, 54.53; H, 6.37; N, 2.76). The IR

8)

spectra of our sample and of Fujimoto and Way ' wers essentially identicsl excert an sx‘ra peak ab

1553 cm~1 ia ours, which was probably due to crystal HZO’ since it completely disappeared after
drying the sample at 105° for 7 ars in vacug.

We also confirmed by thin-layer chromatography that the conjugated metabolite of codeine in
the urine of rabbit was codeine glucuronide, Tn this urine, however, morphine-3-glucuronide was
excreted morz than codeine gliucuronide as one of the codeine metabolites,
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* The sample was dried at 400 for 5 hrs. in vacuo.



