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Abstract The synthesis of metallocenic dervatives of aminoglycoside antibiotics, 1 ¢ kanamycin A and
tobramycin, 1s described The organometallic-labelled compounds have been obtained from the reaction between the polyamino-
drugs and organochromum esters of N-hydroxysuccimmide The reaction proceeded selecuively at the 6'-N posiution, as might
be deduced both from the mass and the pH-dependent ! 3C-NMR spectra The procedure could be regarded as generally useful for
the metwallolabelling of aminoglycoside antibiotics As an example of applicanion a competiive immunoassay based on the use
of these labels 1s proposed

INTRODUCTION

Labelled substances are being used more and more extenstvely for many apphcations such as
pharmacological studies, chnical diagnosis, biological research, and others In parucular, the
metallolabelling 1s the first step 1n the development of new immunoassay methods requiring metallotracers 1
One of the most 1mportant components of non-isotopic organometallic labels 1s the range of analyncal
methods to detect them Several studies have recently been reported in which the metalhic species are
detected by atomic absorption,2 electrochemically,3 or by infrared spectroscopy 1n the case of metal
carbonyl fragments 4

The aim of our laboratory 1s to synthesize therapeutic molecules labelled with an organometallic
monety as recently reported 5 In this paper we describe the labelling by chromium carbonyl fragments of a
group of bactericidal drugs arminoglycosides We propose a competitive metalloimmunoassay technique!
which use these metallolabelled compounds Indeed, the aminoglycoside antibiotics are generally difficult
to analyse by chromatographic methods and there 1s currently an effort to develop sensitive immunoassay
techmques which provide quantitative methods in the picomole range

The aminoglycoside drugs play an extremely important role 1n the treatment of infectious diseases
and are used most widely against gram-negative bactenal infections Among the newer drugs, tobramycin,
gentamycin, amikacin and kanamycin are frequently used at present. The structurally defined kanamycin A
(1a), the major component of the antibiotic complex produced by certain strains of streptomyces
kanamycencus,6 and tobramycin (1b)7 have been recently studied and well characterized 8 It seemed
nteresting to us to try the labelling of these two drugs with the metalloommunoassay 1n mind
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RESULTS AND DISCUSSION

Synthesis ans Spectral Charactenzation

The synthesis of organochromium complexes of 1a and 1b has been performed by the previously
described “activated ester” method 5 Two metallocenic labels used here were the N-hydroxysuccinimide
esters of carboxybenzenechromium-tricarbonyl (benchrotrene) and -dicarbonylmethylphosphite, 2A and
2B respectively Compound 2A was prepared by a reported procedure 5 Compound 2B was obtained 1n a
three step synthesis starting from methyl benchrotrenoate (see expenimental section) The “activated esters”
2A, B were then used for the selective synthesis of the 6’-N-labelled complexes 3aA, 3aB, 3bA and
3bB (Scheme 1)

Cr(C0),L

(CO), 4
1(@-b) 2(A-B)

a R'=R"=0OH A L=CO

b R =HR"=NH, B L=P(OCH,),

3 (aA, aB, bA, bB)

Scheme 1

The selective nucleophihic attack of only one among the amino groups of the polyfunctional
molecule 1 on the metallocenic ester 2 was achieved 1n the controlled, mild conditions In a typical
procedure the amno drug (free base) 1 was put together with an equimolar quantity of the label 2 n a
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homogenous medium, THF/water, for a period of 4-6h at room temperature 1n the dark TLC monitoring
reveals the formation of the unique chromum-labelled compound. The not acidic conditions, and relauvely
short reacttonal period make 1t possible to avoid the decomposition of the drug The metallohaptens 3 were
1solated with good yields as yellow or orange solids, highly soluble in water, slightly in methanol and not
at all in THF (see experimental section).

The nfrared charactenisucs of the products 3 together with starting “activated esters” 2 are
summanzed 1n Table 1

Ligand 2 3

L=00 2A 3aA 3bA
1975,1901,1778,1739|1970,1890,1673,1646 |1969,1890,1673,1646

L=P(OMe); |[2B 3aB 3bB
1931,1860,1765,1746 || 1907,1846,1676,1645 1906,1847,1674,1646

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

The absorption frequencies of the amide C=O groups of 3 appeared 1n the ranges 1673-6 and
1645-6 cnrl. In addition, the spectra of products 3 exhibited characteristic absorptions of the chromium-tr
or -dicarbonyl groups 1n the range 1970-1846 cm'1 The values of the terminal dicarbonyl absorptions 1n
3aB and 3bB were lower compared with the tricarbonyl absorptions in 3aA and 3bA, due to the
remaiming P(OMe)3 higand In accordance with the IR data, the TH NMR spectra of compounds 3 exhibited
the typical benchrotrenic resonances at 5 6-6 2 ppm, corresponding to one organometallic umt (5 protons)
incorporated

The sites of labelling of the kanamycin A (1a) and tobramycin (1b) were determined from the
mass and 13C NMR spectra of the resulting metallohaptens 3 The analysis of the characteristic mass
spectral fragmentations (Figure 1) leads to revealing nsights 1nto the structures considered

The preliminary facile decomplexation resulting 1n the MH+-Cr(CO),L fragment was followed 1n
each case by the cleavage of the glycosidic bonds The pseudodisacchande denved 1ons were observed as
protonated species (3H or 4H), whereas the monosacchande tons were recognized as oxonium type 1on 9
That the labelling had taken place in the ning X or Z of kanamycin A (1 e at 6’-N or 3”’-N position) might
be deduced from the fragmentauons observed for the compounds 3aA and 3aB Because of the 1dentical
mass for the rings X and Z 1t was unfortunately not possible to distinguish between them by mass
spectroscopy As far as tobramycin was concerned the glycosidic fragments observed for 1ts derivatives
3bA and 3bB 1indicated precisely the glycosidic ring X as a site of attack of organometallic label
However, two positions were still concerned, t ¢ 6’-N or 2°-N.
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L(CO), 0
?
/ l \ oH
i 0
N HO 0-} H,N
0, :
R’ (o] i OH
NH, |
R" NH, E
X X 1
0" = 162 for kanamycm A . H .
)" = 145 for tobramycin (Y) =160 E @ =162
Starting from kanamycin A R’ =R’ =OH
MH+- (X+Y-14Bz+3H)* | (X+Y+3H)* | (X-1+Bz)*
Comp L MH* | crCOo)L or or or
(Z+Y-1+Bz+3H)* | (Z+Y+3H)* | (Z-1+Bz)*
3aA o 725 589 429 325 266
3aB | POMe)| 821
Starting from tobramycin R’ =H, R”’ =NHj
Comp L MH+* MH*- (X+Y-1+Bz+4H)* | (X+Y+3H)* | (X-1+Bz)*
Cr(COxL
3ba | QO 708 572 413 325 249
3bB P(OMe)3 804

Figure 1 Principal 1ons and corresponding fragmentauons in the FAB mass spectra of metallohaptens 3

13C NMR has been used extensively for ammnoglycoside antibiotics 8:10 The chemical shifts have
been demonstrated to be practically mvanant for a structurally similar senes of compounds, provided there
18 no structural modification within three bonds of the carbon under examination Furthermore, conditions
particularly the pH environment has an evident effect on the 13C chemical shifts A large shielding
(= 3-5 ppm) must be especially noted for carbon nucle1 B to the protonated amino group 1! This so called
“B-shift” effect coupled with the structural effects and pH-induced anomeric shifts!2 constitutes a
diagnostically valuable tool , 1t makes assignments possible by comparison with the chermcal shifts of

Bz benzoyl

analogous 13C nucle1 1n the model, not substituted compounds




3113

uumjoo Aue ugiim padueyaraiur 3q Aew ‘sjuauruisse ArRnIqry
pgUIOAUIRIGO] PUR 5 v ULDAUIEURY IO SIS UOLIRUQINNID : IV PuB NV
eg(AWRIQONQ-(VQE)Q = (1Q) o9y * (V Urdhureuey)g-(Veg)Q = (%)

(ead-11ad) v syrys uoneuQINNIP YIm 19410301 ¢ Spunodmion Jo sYmS [BONUY-Dgy T AqEL

Organochromium complexes

60S 8 0S 108 10 SNOd
L'S6 ‘LT6|616 ‘9T6 €66 ‘986 | 966 ‘L 86 S¥6 ‘806|L €6 ‘906 686°LL6|LL6 VL6
€26 'S16|v6 ‘v 16 £L6°0S6 { 296 ‘056 106 ‘006|706 ‘8 68 TS6TE6 | 8¥6 ‘'9¢€6 | 1OHD
9981 1181 0 L61 T L61 € L81 6 181 7861 7861 0=
9 691 S 191 8 191 ¥ L91 S'OLT 0691 ¥'891 9°891 0=D
LO ¥ 09 119 8080 | (z0)Z09 | ZOOT19 |L0f 809 S19 90)s0{ @019 |(10)ST9| .9
S0 0€L STL |wowo| ZoreL | @OosLTL ]| O *£ €L +€€L | W0oIT0| 0)8€L]| (ODEEL] .S
9 8'S9 oL EPry | (TOLSY | (€O)TOL J1v]| S99 90L ooy | (109599 | (109s0L | ..¥
10 ¥ ss $SsS |bo)Eo ]| (emess | #0)OSS {LO-| T9s §SS |(€0)90-| (10095 | (TOWSS | ..£
L€ v 89 1L awvov | Zoegd | GoezL [0¥] 169 «1€L | av6e | @OI69| ONOEL| ..
Lo~ L 001 0001 [(S0)20-] (09001 | (4O OOI |10-] 686 88 [OIIv0} (0so001 |FO600T| ..I
€1 L 6€ o1v GOLO [ (b1-)96£ | (90)ETF |80 LOY S 1P @not ooy | 1)Ly | 9
SI- Lyl T€L @OLT | OWP L (€ T)x6TL|T'T-| €0L 789 6ewe-| (6 EIL | (I7)6 89 S
12 09 1'99 @BUST €9} (10999 {10 12L TL (z0)o ize | @onz F
€y 167 1 A%3 (66)0s | g6z |60IEYE (20O LEL 6 €L wnNo |GodreL] 809)8¢L £
11 €8y v 6V Wwnz1 | (co)esy | (Owey {10-| 8TL LZL (o | GeszL | (LowzL| T
0¢ 6'v6 *6 66 G6oSss | wovrve | (666 |S+ 6 L6 ¥ 701 Oy | €0)zLe |Gowior] .1
9¢€ 8 €8 v L8 @)Ly | @oes J(10)ess |vy| +s8 8 68 €Iy | (SO ¥8 |(FO)x888] 9
70 IvL 1SL (S0)S0 |[(TO)sOVL] COISHL | VI | ¥EL 8L (QTp1 Jos6eL| wOESL S
98 16L LL8 (Le)es | (L1)68L | )1 L8 |L8 L8L ¥ L8 (96)8 | (SDYO8 | (T0)+L 88 12
70" o6v 88y (anNzol(copsr 1 o)y 1601 ggr L 6% (ot 1 (0o)ssy | o) os €
SL 087 $°SE (18)L | (z0)0sT | (90)€se {08 182 19¢ 8L TOLsT | (0D99€ T
z0 008 20¢ wozol €ooos |(€o)zos lvol g1¢ LIS €00 | (€0)L0S | QYIS I
v ead nad | avv | doead | donrad [ v [ ead uad | owv | Gxead | Conad [yeqm,
ga¢€ vag qe¢ YEE




3114 J SZYMONIAK et al

The exact sites of metallolabelling of 1a and 1b were deduced 1n this way from the pH-dependent
13C NMR study (Table 2) A change in pD from 11 to 3 caused the = 4 ppm upfield shift of C4>* and
C2”’ 1n 3aA and 3aB, simular to that observed for the parent 1a , such deuteronation shifts were indicanve
of the presence of the free C3’’-amino groups in these metallohaptens Similarly, the C3’ and CI”
resonances of 3bA and 3bB exhibited the B-shift effects, which indicated the presence of the amino
groups 1n their C2’ positions Following these statements, one can eliminate 3’’-N position of 1a and
2’-N position of 1b among the potential sites of labelling, as advanced above by mass spectroscopy The
only remaining 6’-N position was 1n fact the exact site of labelling both 1n kanamycin A (1a) as well as 1n
tobramycin (1b) Thus 1n contrast to the parent 1a and 1b, the C5’ (B) resonances in 3aA, aB, bA and
bB underwent no acid upfield shift The large lowering of the corresponding A values (A=-15t0-24
compared to A = +4 for 1a and 1b) was also due to the shielding of C5’, particularly pronounced in the
non-acidic medium Such an upfield shift was typically caused by the N-acylation of an amuno group 1n the
B-position

The differences 1n basicities of the kanamycin A and the tobramycin amino groups8:12¢ appeared
to be sufficient to allow us to prepare the mono metallolabelled (at 6’-N position) denivatives with a good
selectivity Owing to the permanent presence of one HyN-CHp fragment 1n other compounds of the series,
we consider the presented approach as generally useful for the selective metallolabelling of aminoglycoside
antibiotics

Immunoassay techmque

Due to therr ability to quantitate quite specifically a great number of analytes the immunoassay
methods have become increasingly important 1n the field of biomedical analysis Here we propose the
metalloimmunoassay of aminoglycoside drugs in a competitive approach Immunoassays are largely based
upon the competitive binding that occurs between a labelled (Ag M) and unlabelled ligand (Ag) for mghly
specific receptor sites on antibodies (Ab) The scheme of this assay 1s outlined as follows

Ag + AgM +Ab < > Ag-Ab + AgM-Ab
free-fraction bound fraction

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 determining the quantity of the analyzed substance
1n unknown samples After a determined incubation time, the detection of the label 1s performed by
measuring physical or chemical properties associated to the label Separation of the free labelled analyte
from that of the label present in the bound fraction could be accomplished most immunoassay models So,
a standard curve 1s able to be constructed In the competitive metalloimmunoassay techmque descnibed
here the metal contained 1n the organometallic label could be performed by different analytical methods as
recently described for other metallohaptens 14-15 Atomic absorption spectrometry was chosen tn this work
to detect the chromium present into the label because this techmque has become sensitive and suitable to
quantifying samples 1n the form of microvolumes 16
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Before determuning mhibition of the metallolabelled drug we found that the organochrormum-
labelled aminoglycosides were detected 1n the concentration range from 50 to 2000 ng ml-! after
wmtroduction of 25 pl aliquots into the graphite furnace of the atomic absorption spectrometer This

technique provides a good range for the detection of this category of antibiotics which appear 1n the serum
at the level higher than 1 pg mi-! 17

Using commercial antibodies from tobramycin typical standard curves could not be obtained,
probably because the concentration of the anibody samples was too low In order to improve this assay
we have been starting the production of polyclonal antibodies 1n our laboratory, both against tobramycin
and kanamycin A The antisera obtained will be tested under the form of titration curves Moreover, the
study of cross-reactivity, and the assessment of the recogmuion capability of the tracer for the antibodies
must be evaluated If the immunological reagents have satisfactory specificity, a standard curve will be
recorded and clinical samples tested The results abtained will be correlated with those found 1n a
commercial techmques Immunological investigations are 1n progress and will be published 1n the future

EXPERIMENTAL SECTION

General All operations were carried out under argon using vaccum line techniques Kanamycin A
(monosulfate) and tobramycin (free base) were purchased from SIGMA-Chimie S A R L Metallocenic
“activated” ester 2A was prepared according to published procedure 3 Mass spectra were obtamed by
positive 10n FAB MS technique employing thioglycerol as the matrix solvent H and 13C NMR spectra
were recorded at 400 and 100 53 MHz, respectively Proton decoupled 13C NMR spectra were obtained at
25° C1n D20 with dioxane as an internal standard The use of a spectral width of 25 kHz with a memory of
32K gave a digital resolution of 1 5 Hz The pH of each sample was adjusted with dilute NaOD and DCI
for the benchrotrenic denivatives 3aA and 3bA or Robinson buffer (0 04 M/L. CH3CO2H, 0 04 M/L
H3PO4, 0 04 M/L H3BO3) for the phosphite groupe containing derivatives 3aB, 3bB

N-Succinimidyl Benzoate Chromium Dicarbonyl Trimethylphosphite (2B) This
ester was prepared according to the procedure reported previouslyd, starting from the corresponding
carboxylic acid!3 and N-hydroxysuccinimide in the presence of dicyclohexylcarbodumide Crystallization
of the crude product from toluene/hexane afforded 2B (yield 60%) as orange crystals m p 84°C,
IR (KBr) v 1931, 1860, 1765, 1746 , 1H NMR (CD3COCD3) 8 589 (d , J = 6 3 Hz, 2H) 5 15 (dt,
J =63 Hz, J = 24 Hz, 2H) 5 60-5 53(m,1H), 3 53(d, Jpy = 11 2 Hz, 9H), 2 89(s,4H) , 13C {1H}
NMR (CD3COCD3) 6 236 3, 1707, 164 5, 939, 928, 870, 79 8, 520, 26 7 , MS m/z 451(M+,79),
420(15), 337(36) Anal Calcd for C1gH1gNO9PCr C, 4257, H, 399 Found C,4296,H,417

General Procedure for the Synthesis of Metallohaptens 3 In the reactions employing
kanamycin A monosulfate, the antibiotic-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 organometallic label
(0 4 mmol) 1in 20 mL of THF was added via syringe to a stirred solution of the drug (0 4 mmol)
10 mL of water, at room temperature The muxture was stirred 1n the dark under argon over 4 to 6h period
After removal of the solvent 1n vacuo, the solid was washed with THF n order to remain traces of the
unreacted label Punfication by flash chromatography (silica gel 230-400 mesh, eluent
CHCI3/MeOH/NH4O0H = 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 Therr spectral data (IR, NMR, MS) are reported 1n the text

Immunoassay Procedure. Assays were performed 1n 12x75 mm glass tubes containing 50 pl
of metallohapten convemently diluted 1n phosphate buffer saline 0 01M pH 7 2 (noted PBS), 50 ul of
17200 dilution 1n PBS of anti-tobramycin antiserum, 50 pl of various quantities of tobramycin diluted 1n
PBS and 350 pl of PBS The muxture was gently wortexed 15s and incubation was performed 2h at room
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temperature Separation of the free and bound fractions was obtained by selective solvent extraction as
previously reported 14 In this expeniment 500 jul of ethyl acetate was added to each tube, the mixture was

gently vortexed 10s, and after standing for 10min, 25 il of the organic layer contaiming free metallohapten
was ntroduced nto the graphite furnace of the atomic absorption spectrometer All samples were assayed
mn duphicate and each tube 1n triplicate and appropnate controls were included 1n the assay

Apparatus. Atomic absorption measurements were carried out on a Hitach1 model Z 7000,
equipped with a Zeeman corrector system Instrument settings were chromium hallow cathode 7 5 mA,

wavelenght 359.3 nm, spectral bandwidth * 0.2 nm, non pyrolytical graphite tubes were used and 25 il
of the sample 1ntroduced mnto the tubes Optimal conditions for atormzation were . dry at 120°C for 10s
(ramp time 20s); char at 1000°C for 10s (ramp time 30s), atormzation at 2900°C for 5s (ramp time 0s)
Duning the atormzation, the internal argon gas flow was stopped

Antibodies Polyclonal antibodies against tobramycin were obtamned from Sigma-chimie
SARL
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