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Abstract bFor use as o hapten w the radiotmnmiunoassay of morphine-o-glucuronide 2 (M6G). N-(4-
aminobuty hnormorphine-6-glucuronide 12 hias been prepared. together with related haptens. using the
imidate coupling method developed for synthesis of M6G: a rebuttal of recent eritical comments on our
svithests of Mo s mehnded

Since 1 was estabiished that morphine: ¢ 31 clucuronide 2 tM6GH is not only a metabolite of morphine
1 but also has greater analgesic aciivity!2, substantial anounts have been required for clinical trials and
cvaluation. In our hunds. coupling of the sugar micicty o morphine hy the Koenigs-Knorr reaction, f.e. heating
methyl 23 d-rriacetyl- f-a-hromoglucuronate and 3-acets Imorphine in benzene with AgpCO3. as originally used
by Yoshimura er o and subsequently by others? . was adequate for gram quantities of M6G. but gave very
variahle vields ranging from zcre o e 704 Theather unrehiable vield and the heterogencous nature of the
reaction rendered it unsaitable tor sealing up o e kafogram kevet. and o turther serious drawback was the use of
heavy metal rons, which must not be presenteven i e amounts i potential medicines. Hence we developed
homogencous procedures” wvording these problems where we use actd catalysed coupling of glucuronate ester
derivatves with S-acylmorphimes oo give only the P-giucuronide routinely in yields ot 50-69%.  Alkaline
hvdrolysis and subsequent precipitation by neutiabisaton with {ner crystatlisation from®] acetic acid affords in ca.
909 vicld. routinely ona 28 pram scales pure Mo mp. 249-25000dec.) which we have supplied to various
rescarch Taborutornes Likewise pure morphine 56 diglucuromde 3 (M3.6diG) has been prepared from
morphing i 35-300 eyl sieid. and codene-« shucwromide 4 1C6G) from codeine in 706 yield?. These
Fostis Gie contiary to statcments made about both car procedure and Yoshimura's by Sainsbury in a recent
publication® where the protiered altemative s cfocinely only a {ower-vielding (45%) variant of the Koenigs-

Knurr coupling. litde ditferent trom previous versnes
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As a result of the clinical interest in M6G there was a requirement for a hapten to raise a specific
antiserum (o be used in its radioimmunoassay. To this end we have devised a synthesis of N-(4-aminobutyl)-
normorphine-6-glucuronide 12, modelled on our synthesis of M6G using the imidate coupling method8. Thus,
normorphine § was made in 71% yield from morphine by heating with methyl chloroformate and NaHCO4
under reflux, followed by heating with aqueous hydrazine®. 4.4-Diethoxybutanamine was reacted with ethyl
trifluoroacetate in presence of triethylamine tor iwo days at room temperature to give 4,4-diethoxy-1-
trifluoroacetamidobutane. which was hydrolysed overnight with aqueous acetic acid to afford 4-
trifluoroacetamidobutanal 6 in 48% overall yield!0. Reductive coupling of the aldehyde and normorphine with
NaCNBHj3 in cthanol then led o the morphine hapten amide 7 |at]p -949 (¢ 1.1 CHaCly) (69% yield after
chromatography on Scphadex LH20). characterised inter alia by a molecular ion at m/z 438.1766
(C22H25N704F7). a tritluoroacetamide C=0 i.r. band at 1754 cm”!. and additional signals for the butanamide
side chain at § 3.15 (t, Hp-20), 2.4 (t, H2-17) and 1.4 (m. H-18/H>-19) in the 'H n.m.r. spectrum!l. Careful
treatment with NaHCO; and acetic anhydride to avoid cleavage of the trifluoroacetamide sclectively formed the
3-acetate 8 (71% yield; M+ 480.1872 = C4H77N20sF3).

By ring-opening D-glucurono-6,3-lactone with sodium methoxide, followed by acylation with isobutyryl
chloride in pyridine, the 1B anomer of methyl 1.2,3.4-tetra-O-isobutyryl-D-glucopyranuroate was prepared in
49% yield. m.p.1270C afier recrystallisation from petrol. Selective hydrolysis of the C-1 isobutyrate ester in
CH)Cl with ammonia gave the corresponding hemiacetal (73% yield), which on treatment with CCI3CN and
anhydrous NapCOs afforded cthyl 2.3 4-tri-O-isobutyryl- {-a-trichloroacetimidoyl-D-glucopyranuroate 9, m.p.

5

&10C from isopropanol (85% yield)". The imidate was a single a-anomer, as indicated by the H-1 n.m.r.
doublet at & 6.66 with an axial-equatorial coupling of 3.7 Ho.

The 3-acetylmorphine hapten amide 8 was then reacted (6 mmolar scale) in presence of BF3 with an
cxeess of imidate 9, the function of the relatively hindered 1sobutyrate esters being to minimise competitive
6-transacylation whilst retaining B-stercoselectivity and ease of removal. Subsequent chromatography on silica
in CHyCl2/MeOH unfortunately resulted in partial 3-deacctylation to give largely mixtures of the expected
product 10 and the corresponding phenol 11 (¢ca. 40% combined yield from 8 ), but from one fraction the pure
phenol was isolated (610 mg. 11% yield) and identified by spectra characteristic of both sugar ester and
morphine moictics: M* 840.3748 = C41HssN2013F 3 Apax 281 nm shifting to 297 nm with alkali; Vipax 3348
(OH), 1752 (C=0j cm™ L TH nm.r. (CD30D): § 6.69 (d J 8. H-2), 6.51 (d J 8, H-1), 5.61(t J 10, H-3"), 5.50
(bd J 9, H-8), 4.42 (d J &, H-5'). 3.47 (s, CO2Me), 1.23-1.02 (3 x 6H d, COCHMe3). Finally, alkaline
hydrotysis of 11 or the product mixture and neutralisation with acid afforded in ca. 85% yield the desired hapten
12, N-(4-amincbutyl)normorphine-6-f-D-glucuronide, as an amorphous powder: (FAB) M+1 519.2359 =
C26H3sN209; TH num.r. (300 MHz. D20): 8 6.67 (d J 8. H-2), 6.56 (d J 8, H-1), 5.74(bd J 10, H-8), 5.30 (d
JI0.H-D. 512 1d J 6. H-5), 4.67 (d J 8. H-1. 4.48 1bs. H-6). 4.02 (bs. H-9), 3.7 (d J 8, H-5"), 3.52 (dt J
8 H-4'3), 3.36 (¢t /& H-2). 3.2-2.6 (9H m, Ho-10, 16, 17,20, H-14), 2.20 (bt J 12, H-15,44), 1.90 (bd J
12, H-15¢4). 1.73 (4H bs, Ha-18. 19).

[n subsequent work by Chapman er al. the haplen 12 was coupled to bovine thyroglobulin to afford a
conjugate which raised a specific antiserum for M6G in a rabbit. This antiserum had negligible cross-reactivity
with morphine. M3G and related compounds, and was used to develop a simple, sensitive, rapid and effective

radioimmunoassay for M6G in human plasmal2.
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The morphine hapten amide 7 also provided access to a series of related opiate haptens. Thus,
methylation with diazomethane gave the corresponding codeine hapten (FAB M+1 453.1991 =
C42H57N2013F2) which on coupling with the imidawe 9 atforded. in 47% yield after chromatography, the
precursor of COG hapten 13 (FAB M+1 853.3735 = C40HsgN~2013F3). Again, direct coupling of 7 with 9 led
lo the precursor of M3.6diG hapten 14 in 50% vield (FAB M+1 1239.5290 = CgoHgaN2022F3). Catalytic
hydrogenation of all products gave near-quantitative vields ol the corresponding 7.8-dihydro derivatives. All of
these compounds have  potential as haptens tor development of a specific radioimmunoassay of the

corresponding opiate as with 12,
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