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Abstroet The synthesu of mctallocenrc denvatrves of amtnoglycostde antrbtotrcs. I e hnamyan A and 
tobramycm, 16 desertbed The oqanometatl&abelled compounds have been obtatnedfrom the reactwn between thepolyamtno- 
drugs and or&znochro~um esters of N-hydroxysuccuwntde The reaction proceeded seiecuvely at the 6’-Nposrtton. as m&t 
be dehced both from the rrmss and the pH-dependent 13C-NMR spectra The procedure could be regarded as generally urcfulfor 
the metal~olabellmg ~aRUUO&OSl& antrbtottcs As an example of appltcatton a compettttve nmnwwas say based on the use 
of these labels IS proposed 

INTRODUCTION 

Labelled substances are being used more and more extensively for many appbcatrons such as 

pharmacological studres, cbnlcal dtagnosts, btologrcal research, and others In particular, the 

metallolabellmg is the first step tn the development of new unmunoassay methods mqutrmg metallotracers 1 

One of the most important components of non-isotoptc organometalhc labels is the range of analyttcal 

methods to detect them Several studies have recently been reported m which the metalhc species are 

detected by atomtc absorption,2 electrochemically,3 or by infrared spectroscopy in the case of metal 

carbonyl fragments 4 

The atm of our laboratory is to synthesize therapeutic molecules labelled wtth an organometalhc 

moiety as recently reported 5 In thts paper we descnbe the labelhng by chromtum carbonyl fragments of a 

group of bactenctdal drugs ammoglycostdes We propose a competitive metallotmmunoassay techmquel 

which use these metallolabelled compounds Indeed, the ammoglycostde anttbtottcs are generally dtfficult 

to analyse by chromatographrc methods and there 1s currently an effort to develop sensitive immunoassay 

techmques which ptovtde quantnative methods m the ptcomole mnge 

The ammoglycostde drugs play an extremely important role tn the treatment of infectious diseases 

and are used most wtdely agatnst gram-negahve bactenal tnfections Among the newer drugs, tobramycm, 

gentamycm, amkactn and kanamyctn are frequently used at present The stmcturally defined kanamycm A 

(la), the malor component of the antlhoclc complex produced by certain strams of streptomyces 
kunamycettcus,6 and tobramycm (lb)’ have been recently studied and well characterized 8 It seemed 

mtereshng to us to try the labelhng of these two drugs Hnth the metallounmunoassay m mind 
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RESULTS AND DISCUSSION 

Synthesis an.9 Spectral Charactenzation 

The synthesis of organochrommm complexes of la and lb has been performed by the previously 

described “actwated ester” method 5 Two metallocemc labels used here were the N-hydroxysuccmmude 

esters of carboxybenzenechrommm-mcarbonyl (benchrotrene) and -&carbonylmethylphosphlte, 2A and 

2B respectwely Compound 2A was prepared by a reported procedure 5 Compound 2B was obtamed m a 

three step synthesis startmg from methyl benchrotrenoate (see expenmental section) The “acavated esters” 

2A, B were then used for the selective synthesis of the 6’-N-labelled complexes 3aA, 3aB, 3bA and 

3bB (Scheme 1) 
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Scheme I 

The selective nucleophlhc attack of only one among the ammo groups of the polyfunctlonal 

molecule 1 on the metallocemc ester 2 was achieved m the controlled, nuld condmons In a typical 

procedure the ammo drug (free base) 1 was put together with an eqmmolar quantity of the label 2 m a 
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homogenous medium. THF/water, for a penod of 4-6h at room temperature m the dark TLC momtormg 

reveals the formation of the umque chrommm-labelled compound The not acidic condmons, and relahvely 

short reachonal penod make it possible to avoid the decomposmon of the drug The metallohaptens 3 were 

isolated with good yields as yellow or orange solids, highly soluble In water, slightly m methanol and not 

at all m THF (see expenmental section). 

The infrared charactensncs of the products 3 together with startmg “acnvated esters” 2 are 

summarized m Table 1 

Table 1 Infrared data of the “acnvated esters” (2) and metallohaptens (3) 

The absorpnon frequencies of the amide C=O groups of 3 appeared in the ranges 1673-6 and 

1645-6 cm-t. In addmon, the spectra of products 3 exhlblted charactensac absorpnons of the chronuum-m 

or -dicarbonyl groups in the range 1970-1846 cm-t The values of the termmal dlcarbonyl absorptlons in 

3aB and 3bB were lower compared with the mcarbonyl absorptlons in 3aA and 3bA. due to the 

remammg P(OMe)3 hgand In accordance ~th the IR data. the tH NMR spectra of compounds 3 exhibited 

the typical benchmtremc resonances at 5 6-6 2 ppm, correspondmg to one organometalhc umt (5 protons) 

incorporated 

The sites of labelhng of the kanamycm A (la) and tobramycm (lb) were determmed from the 

mass and 13C NMR spectra of the resulting metallohaptens 3 The analysis of the charactenstic mass 

spectral fragmentanons (Rgure 1) leads to revealing mslghts into the structure considered 

The prehmmary facile decomplexatlon resultmg in the MH+-Cr(CO)2L fragment was followed in 

each case by the cleavage of the glycowdlc bonds The pseudodlsacchande denved Ions were observed as 

protonated species (3H or 4H), whereas the monosacchande tons were recogmzed as oxomum type ron 9 

That the labellmg had taken place m the nng X or 2 of kanamycm A (I e at 6’-N or 3”-N posmon) might 

be deduced from the fragmentations observed for the compounds 3aA and 3aB Because of the Idenncal 

mass for the nngs X and Z it was unfortunately not possible to dlstmgulsh between them by mass 

spectroscopy As far as tobramycm was concerned the glycosldlc fragments observed for its denvatlves 

3bA and 3bB mdlcated precisely the glycosldlc nng X as a site of attack of organometalllc label 

However, two positions were stdl concerned, 1 e 6’-N or 2’-N. 
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,o 

H : 
I 
I 

(X)+=M*fOblUnpAi 
X I Z 

I 

(X)+ = 145 for tobramycln i (Y)+=160 ; (2)+=1fi2 

Startmg from kanamycm A R’ = R” = OH 

Comp L 
(X+Y-I+Bz+3H)+ (X+Y+3H)+ (X-l+Bz)+ 

MH+ 
(Z+Y - 1%+3H)+ (Z+Y:3H)+ (Z- I:.)+ 

3aA CO 725 589 429 325 266 
3aB p( OMe)3 821 

Startmg from tobramycm R’ = H, R” = NH2 

Comp L MH+ MH+- (&+Y-l+Bz+4H)+ (X+Y+3H)+ (X-l+Bz)+ 
Cr(CQ)2L 

3bA CO 708 572 413 325 249 
3bB P(OMe)3 804 

Figure 1 Pnnclpal ions and corresponding fragmentanons m the FAB mass spectra of metallohaptens 3 

Bz benzoyl 

*%I NMR has been used extenswely for ammoglycoslde antlblotlcs 8~10 The chenucal shifts have 

been demonstrated to be practtcally mvanant for a structurally s~rmlar senes of compounds, provided there 

IS no structural mdficatmn wthtn three bonds of the carbon under exammatlon Furthermore, condmons 

particularly the pH envu-onment has an evrdent effect on the l3C chemical shifts A large shielding 

(= 3-5 ppm) must be e-ally noted for carbon nuclei p to the protonated ammo group * * This so called 

“P-shift” effect coupled with the structural effects and pH-induced anomenc shifts12 constitutes a 

&agnostically valuable tool , it makes assignments possible by comparison with the chemical shifts of 

analogous *SC nuclei m the model, not substituted compounds 
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The exact s&s of metallolabelhng of la and lb were deduced m thus way from the pHdependent 

l3C NMR study (Table 2) A change m pD from 11 to 3 caused the = 4 ppm upfield shift of C4” and 

C2” m 3aA and 3aB, sumlar to that observed for the parent la , such deuteronatlon shifts were m&catlve 

of the presence of the free C3”-ammo groups m these metallohaptens Slmllarly, the C3’ and Cl’ 

resonances of 3bA and 3bB exhibited the P-shift effects, which indicated the presence of the ammo 

groups m their C2’ positions Followmg these statements, one can eliminate 3”-N posmon of la and 

2’-N position of lb among the potential sites of labellmg, as advanced above by mass spectroscopy The 

only remammg 6’-N position was m fact the exact site of labelhng both m kanamycm A (la) as well as m 

tobramycm (lb) Thus III contrast to the parent la and lb, the C5’ (p) resonances m 3aA, aB, bA and 

bB underwent no acid upfield shift The large lowermg of the correspondmg A values (A = -1 5 to -2 4 

compared to A = +4 for la and lb) was also due to the shleldmg of C5’, part~ularly pronounced m the 

non-acidic medmm Such an upfield shift was typically caused by the N-acylatmn of an ammo group m the 

Pposihon 

The differences m baslcmes of the kanamycm A and the tobramycm ammo groups6~1~ appeared 

to be sufflclent to allow us to prepare the mono metallolabelled (at 6’-N posmon) denvanves with a good 

selectlvlty Owmg to the permanent presence of one HzN-CH:! fragment m other compounds of the series, 

we consider the presented approach as generally useful for the selective metallolabelhng of ammoglycoslde 

antlbloncs 

Itnmunousscq technrque 

Due to their ability to quanntate quite specifically a great number of analytes the immunoassay 

methods have become mcreasmgly important in the field of biomedical analysis Here we propose the 

metallolmmunoassay of ammoglycoslde drugs m a competlhve approach Immunoassays are largely based 

upon the compentlve bmdmg that occurs between a labelled (Ag M) and unlabelled hgand (Ag) for highly 

specific receptor sites on antlbodres (Ab) The scheme of this assay IS outhned as follows 

Ag + Ag M + Ab <--------> Ag-Ab + Ag M-Ab 

free-frachon bound fracnon 

Fixed amounts of both Ag M and Ab are mixed with increasing amounts of free analyte (Ag) to 

obtain a calibration curve which provides the means of determmmg the quanhty of the analyzed substance 

m unknown samples After a determined mcubatlon time, the detection of the label IS performed by 

measunng physical or chemical properties associated to the label Separation of the free labelled analyte 

from that of the label present m the bound fraction could be accomphshed most immunoassay models So, 

a standard curve IS able to be constructed In the competmve metallolmmunoassay technique described 

here the metal contamed m the organometalhc label could be performed by different analytical methods as 

recently described for other metallohaptens 14-15 Atomic absorption spectrometry was chosen in this work 

to detect the chrommm present mto the label because this technique has become sensitive and suitable to 

quantifying samples m the form of nucrovolumes I6 
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Before determmmg mhlbmon of the metallolabelled drug we found that the organochrommm- 

labelled ammoglycosldes were detected m the concentration range from 50 to 2ooO ng ml-l after 

mtroductlon of 25 pl allquots mto the graphite furnace of the atomic absorption spectrometer This 

technique prowdes a good range for the detection of this category of antlblohcs which appear m the serum 

at the level higher than 1 pg ml-t 17 

Using commerctal anttbodles from tobramycm typical standard curves could not be obtamed, 

probably because the concentration of the antibody samples was too low In order to improve this assay 

we have been startmg the production of polyclonal antibodies m our laboratory, both against tobramycm 

and kanamycm A The anhsera obtamed will be tested under the form of tnratlon curves Moreover, the 

study of cross-reactivity, and the assessment of the recogmuon capablhty of the tracer for the antlbodles 

must be evaluated If the lmmunologlcal reagents have satisfactory speclficlty, a standard curve will be 

recorded and chmcal samples tested The results abtamed will be correlated with those found m a 

commercial techniques Immunolo@cal mvestlgaaons are in progress and will be pubhshed In the future 

EXPERIMENTAL SECTION 

General All operations were camed out under argon using vaccum lme techniques Kanamycm A 
(monosulfate) and tobramycm (free base) were purchased from SIGMA-Chlmie S A R L Metallocemc 
“activated” ester 2A was prepared according to publlshed procedure 5 Mass spectra were obtained by 
posmve ion FAB MS technique employmg thloglycerol as the mamx solvent tH and l3C NMR spectra 
were recorded at 400 and 100 53 MHz, respecnvely Proton decoupled l3C NMR spectra were obtained at 
25’ C m D20 with dloxane as an internal standard The use of a soectral width of 25 kHz wth a memory of 
32K gave a digital resolunon of 1 5 Hz The pH of each sample-was adJusted with dilute NaOD and &?I 
for the benchrotremc denvatives 3aA and 3bA or Robinson buffer (0 04 M/L CH?CO?H. 0 04 M/L 
H3P04,O 04 M/L H3B03) for the phosphate groupe contammg denvatlies 3aB; 3bB ” - 

N-Succmimidyl Benzoate Chromium Dicarbonyl Trimethylphosphite (2B) This 
ester was prepared according to the procedure reported prevlously5, starting from the correspondmg 
carboxyhc acid’3 and N-hydroxysuccuumlde m the presence of dlcyclohexylcarbodnmlde Crystallization 
of the crude product from toluene/hexane afforded 28 (yield 60%) as orange crystals m p 84” C , 
IR (KBr) v 1931, 1860, 1765, 1746 , lH NMR (CDjCOCD3) 6 5 89 (d , J = 6 3 Hz, 2H) 5 15 (dt, 
J = 6 3 Hz, J = 2 4 Hz, 2H) 5 60-5 53(m,lH), 3 53(d, JPH = 11 2 Hz, 9H), 2 89(s,4H) , t3C (IH) 
NMR (CD3COCD3) 6 236 3, 170 7, 164 5, 93 9, 92 8, 87 0, 79 8, 52 0, 26 7 , MS m/z 451(M+,79), 
420(15), 337(36) Anal Calcd for C16H18N@PCr C, 42 57 , H, 3 99 Found C, 42 96, H, 4 17 

General Procedure for the Synthesis of Metallohaptens 3 In the reactions employmg 
kanamycm A monosulfate, the antlblotlc-free base was hberated at first by adding NaHCO3 (2 molar 
excess) to the aqueous solution of the drug In a typical reaction a solution of the organometalhc label 
(0 4 mmol) In 20 mL of THF was added via synnge to a stmed solution of the drug (0 4 mmol) m 
10 mL of water, at room temperature The mixture was stirred m the dark under argon over 4 to 6h penod 
After removal of the solvent m vacua, the solld was washed with THF in order to remam traces of the 
unreacted label Punfication by flash chromatography (slllca gel 230-400 mesh, eluent 
CHCl3/MeOH/NH40H = 6/8/3, under argon) afforded 3 as yellow (3aA and 3bA) or orange (3aB and 
3bB) platelets Yield 3aA-89 %, 3bA-81 %, 3aB-47 %, 3bB-45 % Metallohaptens 3 decomposed at 
200-220” C Their spectral data (IR, NMR, MS) are reported In the text 

Immunoassay Procedure. Assays were performed m 12x75 mm glass tubes contannng 50 pl 

of metallohapten conveniently diluted in phosphate buffer sahne 0 OIM pH 7 2 (noted PBS), 50 ~1 of 
l/200 dllutlon m PBS of anti-tobramycm antiserum, 50 pl of vanous qudntmes of tobramycm diluted In 
PBS and 350 pl of PBS The mixture was gently wortexed 15s dnd mcubdtlon was performed 2h at room 
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temperature Separation of the free and bound fracnons was obtamed by selective solvent extractron as 
pre~ously reported 14 In thus expenment 500 pl of ethyl acetate was added to each tube, the rmxture was 
gently vortexed 10s. and after standmg for IOmin, 25 pl of the orgamc layer contammg fra metallohapten 
was mtmduced mto the graphtte furnace of the atomtc absoxptton spectrometer All samples were assayed 
m duplicate and each tube in tnplicate and appropnate conaols were mcluded in the assay 

Apparatus. Atomtc absorption measurements were camed out on a Hrtacht model 2 7000, 
equipped wtth a Zeeman corrector system Instrument settmgs were chrommm hallow cathode 7 5 mA, 
wavelenght 359.3 nm, spectral bandwtdth * 0.2 nm, non pyrolytical graptute tubes were used and 25 pl 
of the sample mtmduced mto the tubes Gptunal condmons for atonnzanon were . dry at 12oOC for 10s 
(ramp nme 20s); char at IoooOC! for 10s (ramp time 3Os), atomtzauon at 29OO“C for 5s (ramp time OS) 
Dunng the atormzanon, the internal argon gas flow was stopped 

Antibodies Polyclonal antibodies against tobramycm were obtained from Sigma-chlmle 
SARL 
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