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Codeine and morphine, when administsred to animals and human, are excreted into their urine 

mostly as the glucaronides, :lhizh ars not gel1 charactsriss.1, Therefore it seems to bgimportant 

to synthesize these glucur>nides for the identification ani characterization of t:le winAL:: rl?:a- 

bolites .and tll?ir pharmacological and toxicological studies. 

We now wish to report the first synthesis of these glucursnides. Among these, codeine 

glucursniie was successfuily synihsqised bj the utilization of Koenigs-Knorr reaction 1) as follows: 
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The condensation reaction of codeine (Ia) and acetobromo derivative of glucuronic scid (II) 

was perfzwd in boi'iw dq benzene and the presence of freshly pre?.red d--y silver carbonate. 

The reaction prod.xt was purified by silica gel columx chrxmtograpti and recrystallized with 



484 No.4 

EtOa to colorless needles, m.p.112-114'. Elemental analysis and spectral 1ata were in good ao- 

cordanoe with the expected straature of C31Hj7012N* 2H20. 
WhE%OE 

_ m@ (log&) : 287 (3.22), 

[IY$- 140' (C = 005 in CHC13). Oxidation of codeine to oodeinone which has been reported by 

Rapoport, et al., 2) was not taken place under this specific condition. 

p-Configuration of the glucosidic lidcage was obviQls from f:he opticitl rotation and also can- 

f'in,?d indirectly from the NVR spectrum (60 Blo, CDCl3) which did not show w signals around c.31 

p.p-m. (Jl 2 = 3 cps), corresponding to that of Li;e equatorial Cl-II 3) . 
, 

Remoyrs.1 of the protecting groups from (IIIa) was performed stepwise; (IIIa) pas converted, 

at fir;;t, to (na) 3y tile solvolysis witi1 a catalytic amount of NaXe and then to (Va) by the 

hjrdrolysis with an equivalent amount of a?. Ba(OH)2 and the following treatment with oxalic scid. 

?Xe Fi?Al pro,+&,, +,?UO QbtaineA, vaa ~~;lo~~stalli:I.eB Prom H20-583F to colorless prism3 {Vai, 

C24H&N’ l/2 ;$3, m.p. ?76-278' (decomp.). riv~~dz "i_l (log &) : 285 :3.23), [cx];~' - 216' 

(C = 0.5 i-? Ii,O). The IR specOrum of this F;lucuronide re-realed a strong peak at 1639 cm -' (KBr) 

which s:lgge3::+l '.:,,it it s,loilld exist a3 A'.: innized f'or-~l, 

The iynt:vsis :Jf norphil?e-i;-glu-,~~o,lid? was similarly performed as t:?at of codeine glucuroaide 

t& existenca of tne :1!.?-ionized carboxyl peak a? I.!53 cm a;ld the strong hydrogen-bonded hydro- 

-1 
xyl peak around 2640 cm syuggested ;ha'. the structure should he best described as (i'b). 

Ap>licstian 2f This ill.th@l ;,-I the sy?lthesis of morphine-3-glusuronide by the us? of h-acetyl- 

* 
lmo@tT"nine as Yne star?+i~ m&eti& ~3.s -IL-U% -su-cz~S~%A m lZL%?T?fiL,'LTrZ n&&%TYL ?A ~Iz'lf?%L% ( Y-- $L . ( 5) 

* It sould be easily obtained from 3,6- diacetylrrolThine b;r partial deecetylation with hydroxy- 

lami.ne according to the method of Wri$t. 6! 
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in which the condensation was performed in the presence of mercuric cyanide in acetonitrile, was 

found to form the expected glucuronide derivative in a considerable yield, however the following 

hydrolytic removal of the protecting groups resulted in a cleavege of the glucosidic linkage. 

Finally we succeeded in this glucuronide synthesis by the condensation reaction of morphine 

(VI) end sugar derivative (II) in &OH-acetone as follows: 
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To a solutin of morphine (VI) in aq. NaOH was added a solution of (II) in acetone, end the 

mixture was allowed to stand over night. It formed two layers, aqueous (lower) end acetone (up- 

per?, and prsoipitated a considerable amount of unchanged morphine. With an addition of cont. 

aq. VaOH, this unchanged morphine was again dissolved 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. 

?hin-layer ohromatographic examination of this reaction mixture seemed to support that the 

reaction proceeded through the sequence described in above figure. The intermediate (VII), 

which formed gradually over night, was distributed more into acetone layer than aqueous 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 uncherged morphine with CRC1 5- iso PrCH (5 : 1) at pR 9.0, was passed 

through a column of Dowex 5CW-X8 (H-form), The glucuronide (VIII) was eluted with 0.152 NH43H 

and recrystallized from Y20 to colorless needles, m.p. 245-246' (decomp.), CVG& mj.L (1ogL) : 

285 (3.24), C4;8-1320 CC = 0.5 in H20). The strong IR absorption band at 1597 -' (KBr) due cm 

* This is probably due to salting out mechanism by Rabr which is produoed in the reaction mixture. 
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to carboxylic in 

Woods7), and 

indicated that this gluwronide had 

_Fujimoto and .Xay 
8) 

isolated "bound" 

bile and from the human urine, after dosing morphine, 

NC.4 

an ionized form same as codeine glucuronide. 

morphine in a c.-ystalline form from the dog 

respectively and characterized it as mor- 

phine-5-glucuronide. We also found by thin-layer chromatography that rabbits excreted, when in.- 

jetted morphine, morphine-3-glucuronide in urine, but not morphine-6-glucuronide. 

However ther2 scema to be minor difPerenc?s between the descrL-;tion on our synthetic morphi- 

ns-5-glucuronide and -;hose of a3ove aorkers. Woods gave to this glucuronide the dihydrated 

formula7), (Found : c, 55.15, 55.43; II, i?.8?, 7~6; N, 2.96, c,~H~~o~N* ZH2’3 requires C, 55.6 ; 

H, 6.27; N, 2,82), but our synthetic sample was analyzed as C 
25H2709N' 2 

1,'2 H20i (Fo.und: C, 

54.60, 54.69; :I, 6.29, 6.34; p!, 3.07, 2.78. It requires C, 54.53; Ii, 6.57; N, 2.76). The IB 

spectra of our sample and of Fujimoto and 'May 8) wem essentially identical except an extra peak at 

-1 
X5 ;' c,m il our;, which was probably due to crystal H20, since it completely disappeared after 

drjring the sample at 105' for 7 bra in vacua. 

We also c)nfirmec: by thin-layer chrmsmatograp:hy that the conjugated metabolite of codeine in 

the urine of rabbit was codeine glilcuronide. Tn this urine, however, morphine-j-gluc:lroniir nas 

excreted mor4 than codeine gluouronide as 
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