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As a result t)t Ihc clm~cal interest m MhG thcrc was a requirement for a hapten to raise a specific 

ant&rum to be used in its radioimmunoassay. To this end wc have devised a synthesis of N-(4-aminobutyl)- 
normorphmc-h-glucuronidc 12. modellcd on our aynthesls of‘M6G using the imidate coupling methods. Thus, 
normorphine 5 was made in 71% y~cld from morphmc by heating with methyl chloroformate and NaHC03 
under reflux. followed by hcatmg with aqueous hydraLine”. 4.4-Diethoxybutanamine was reacted with ethyl 
trifluoroacetatc in presence of triethylaminc for two days at room temperature to give 4,4-diethoxy-l- 
trilluoroacetamidobutane. which was hydrulyscd overnight with aqueous acetic acid to afford 4- 
tritluoroacetamidohutanal6 in 384 overall yieldI”. Rcductivc coupling of the aldehyde and normorphine with 
NaCNBHx in ethanol then led to the morphine hapten amide 7 lcxju -94” (c I.1 CH$Zlz) (69% yield after 

chromatography on Scphadex LH20). characteriscd inrcr n1i11 hy a molecular ion at m/z 438.1766 
(C~?H~~N~O~FT). a tritluoroacetamidc C=O i.r. hand at 1754 cm-l. and additional signals for the butanamide 
side chain at 6 3.15 (t, H2-20). 2.4 (t. Hl-17) and I.-l Im. Hz-IX/Hz-19) in the *H n.m.r. spectrumll. Careful 

treatment with NaHCO3 and acetic anhydridc to avoid clcavagc of the trifluoroacetamidc selectively formed the 
j-acetate 8 (7 IQ yield; M+ 480. I X72 = C~JH?~N$)+~ !. 

By ring-opening D-glucurono-6,3-lactonc wnh sodium m&oxide, followed by acylation with isobutyryl 
chloride in pyridine, the 1 p anomer of methyl 1 .2,3.4-tetra-O-isobutyryl-D-glucopyranuroate was prepared in 

4Y%, yield. m.p. 127oC after recrystallisation from petrol. Selective hydrolysis of the C-I isobutyrate ester in 

CHzC12 with ammoma gave the corresponding hcmiacetal (73% yield). which on treatment with CCI3CN and 
anhydrous Na$ZOJ afforded ethyl 2.3.4.tri-o-isohutyryl- I -cc-trichloroacetimidoyl-D-glucopyranuroate 9, m.p. 

XIV from isopropanol (X5% yield)‘. The imldatc was a amgle tx-anomer. as indicated by the H-l n.m.r. 
doublet at 6 6.66 with an axial-equatorial couplmg 01’ 3.7 Hy.. 

The Sacctylmorphine haptcn amide 8 was then reacted (6 mmolar scale) in presence of BF3 with an 
cxccss of imidatr 9, the function of the relatively hindered Isohutyrate esters being to minimise competitive 
h-transacylation whilst retaining p-sterco~~lectivlty and east of removal. Subsequent chromatography on silica 

in CH$Zl$MeOH unfortunately resulted in partial Sdeacctylatlon to give largely mixtures of the expected 
product 10 and the corl-csponding phenol 11 ((‘II. 40% combined yield from 8 ). but from one fraction the pure 
phenol w’as isolated (610 rng. I I% yield) and Idcntlt‘icd by spectra characteristic of both sugar ester and 
morphine moictics: M+ 840.3748 = C‘31H55N2Ol~F~. A,,,, 2X I nm shifting to 297 nm with alkali; vmax 3348 
(OHI. 1752 (C=Oj cm-l; tH n.m.r. (CD$JD): Ij 6.69 Id J 8. H-2). 6.51 (d J 8, H-l), 5.61(t J 10. H-3’), 5.50 

(hd .I 9, H-X). 4.42 (d I X, H-S’). 3.47 (s. C’O?hlc). 1.23-1.02 (3 x 6H d, COCH&2). Finally, alkaline 
hydrolysis of 11 or the product mixture and neutralisation with acid afforded in CU. X5% yield the desired hapten 
12. N-(4-aminohutyl)normorphinc-6-~-D-glucur~~~~idc. as an amorphous powder: (FAB) M+1 519.2359 = 

C2#35N209; IFi n.m.1. ( JOU MH/. I)$)): 6 6.07 (d J X. H-2). 6.56 (d J X, H-l), 5.74(bd J IO. H-S), 5.30 (d 

J 10. H-7). 5.12 td J 6. H 5). 4.67 (d J X. H. 1’1. -1 JX 1 hs. H-6). 4.02 (bs. H-Y). 3.7 l (d J 8. H-5’). 3.52 (dt J 
8. H-4,.3’!. 3.36 (t JX. H 2’). 3.2-2.6 (YH m. ii:-IO. 16. 17. 20. 11-14). 2.20 (bt J 12, H-15,,), 1.90 (bd J 

L2. WIS,,). 1.7.1 t-411 ha. H,-IX, I91 

In suhscqucnr work hy Chapman et (I/. the haptsn 12 wax coupled to hovine thyroglohulin to afford a 
con.jugatc which raised a specific antiserum for MhCi m a rahhit. This antiserum had negligible cross-reactivity 
with morphine. M3G and related compounds, and was used to dcvclop a simple, sensitive, rapid and effective 
radioimmunoassay for MhG in human plasma’-! 



‘The morphtnc hapk’n atntk 7 aI\o PI-ovtdcd ;tccc\s 10 a setxes of related opiate haptcns. Thus, 

mcrhylattrm with dta/clmcthanc gave the corrc\ponding codeine hapten (FAR M+l 453.199 1 = 
CJ?HT-;N~OIJF~\ whtch on coupling with the ttntd,ttc Y at’l’ordcd. in 47% yield after chromatography, the 

prccurs~~r <1l~(‘6(i haptcn 13 (1-AH M+I X53.173.5 = (‘ J?HT~N?OI +i). Again, direct coupling of7 with 9 led 

IO the prccutx~r ol Mi.riJiG hapten 14 in 50% yield t FAB M+ I ! 239.S290 = C6()Hg2N202?F3). Catalytic 

hydrc)gc‘natton of ~11 pt-cxlucts gave near-qnantttativcs yield\ of‘ Ihc c~xt-csponding 7.8-dihydro derivatives. All of 

thcsc compound< ha\c porenttal as haplt-nb 1o1- dcvelopmcnt of’ a specific radioimmunoassay of the 

corresponding opiate il\ with 12. 
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