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Abstract: The site-selective modification of complex biomolecules by
transition metal-catalysis is highly warranted, but often thwarted by
the presence of Lewis basic functional groups. This study
demonstrates that protonation of amines and phosphates in
carbohydrates circumvents catalyst inhibition in palladium-catalyzed
site-selective oxidation. Both aminoglycosides and sugar phosphates,
compound classes that up till now largely escaped direct modification,
are oxidized with good efficiency. Site-selective oxidation of
kanamycin and amikacin was used to prepare a set of 3’-modified
aminoglycoside derivatives of which two showed promising activity
against antibiotic-resistant E. coli strains.

Introduction

Transition metal-catalysis is an important tool in chemical biology
to functionalize biomolecules. In particular palladium is used in a
variety of reactions. Sonogashira, Suzuki-Miyaura and Heck-type
cross-coupling reactions have been used to prepare protein
conjugatesi*81  for the post-synthetic functionalization of
(lanthi)peptides,™ and as read-out in chemoproteomic
experiments.[0-12

Mono-, di- and oligosaccharides have been functionalized with
palladium-catalyzed oxidation reactions (Figure 1 A).[3-8 |n
particular, Waymouth’s monocationic palladium neocuproine
complex 1 (Figure 1B) in combination with terminal oxidants like
benzoquinone or oxygen has proven to be a valuable tool,[!%-24
as it selectively oxidizes the hydroxy group at the C3
position.[*":22231 The resulting keto group opens routes for further
modification of this important class of biomolecules.?4-2°

A frequently encountered problem in palladium-catalyzed
functionalization of biomolecules is catalyst inhibition. Most
biomolecules have Lewis basic functional groups that can
coordinate to the palladium complex. As a result, Lewis basic sites
within the substrate sequester the palladium catalyst from the
solution, which lowers the concentration of active catalyst (Figure

1C). This behavior is not problematic per se if the resulting
complex retains activity or readily dissociates. In these cases,
binding to Lewis basic sites can even be exploited to increase the
selectivity via a proximity effect.! However, coordination to Lewis
bases becomes problematic when the resulting complexes are
non-productive and do not dissociate to form the active catalytic
species.®3 This problem is particularly pronounced using
cationic palladium, as in 1 and 2 (Figure 1B), due to its stronger
Lewis acidic character.

The problems associated with catalyst inhibition can occasionally
be overcome by using the palladium catalyst in excess, often in
combination with excess ligand.[>4731 Under these conditions,
the catalyst concentration in solution will be sufficient to perform
the reaction, even when most of the catalyst forms non-productive
complexes with the Lewis basic groups in the substrate (Figure
1D). High catalyst loadings are standard for palladium-mediated
cross-coupling reactions on proteins,”! and have also been used
to promote other palladium-catalyzed reactions that suffer from
catalyst inhibition. We showed that site-selective oxidation of
unprotected glucopeptides containing a lysine residue is feasible
when using an excess of monocationic palladium catalyst 1.3
However, the use of high catalyst loadings has its limitations.
Adding excessive amounts of catalyst can promote side reactions
and severely complicates both the analysis of the reaction and
isolation of the product.l”-34 This problem is aggravated by the fact
that palladium is toxic to cells, so should be removed to low ppm
levels in the product.

An alternative for excessive amounts of the palladium catalyst is
to use elevated temperatures.l®? A final strategy is to protect the
Lewis basic groups in the substrate (Figure 1D). This approach is
commonly used in organic synthesis and is effective, as is
illustrated by our recent studies on the site-selective oxidation of
aminoglycosides with monocationic palladium catalyst 1.6l These
aminoglycoside antibiotics contain several amino groups, which
had to be protected as the corresponding benzyl or tert-butyl
carbamate to prevent catalyst
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Figure 1. (A) Oxidation of glucopyranosides at the C3 position. (B) The structure of palladium catalyst 1 and 2. (C) inhibition of the palladium catalyst by an amino
group in the substrate. (D) Schematic representation of how an excess of catalyst or the use of protecting groups facilitates the oxidation reaction. (E) Representation

of the proposed temporary protection by protonation.

inhibition and to allow oxidation. Protecting group strategies have
their limitations, however, because full protection of all Lewis
basic groups in a complex biomolecule is very difficult to achieve.
A congruent problem occurs in the final deprotection step. As all
protecting groups have to be removed, subtle reaction conditions
are mostly ineffective and long reaction times are necessary,
provoking the formation of side products. Introduction and
removal of protecting groups is further complicated by the large
difference in polarity of the starting material and the product
because, as a result, partly protected intermediates tend to
precipitate from the reaction solution. This is also observed for
aminoglycosides and leads to incomplete protection and
deprotection of aminoglycoside derivatives concomitant with
severe purification problems.?®l A final limitation of protecting
groups is that only functional groups, such as reactive groups and

fluorophores, that are compatible with the deprotection conditions,

can be installed.

In order to expand the use of palladium-catalyzed oxidation to the
site selective functionalization of aminoglycosides and sugar
phosphates, a method is required that avoids the use of protecting
groups and circumvents the use of excess palladium. We
hypothesized that protonation of the Lewis basic groups with a
Brognsted acid during the oxidation reaction would meet this
requirement, provided that conditions could be established that
would not lead to decomposition of the catalyst by protonation of
its ligand (Figure 1E). Temporary protonation of amine groups has
been exploited to enhance the chemoselectivity of reactions,®
and has been reported to allow ruthenium-catalyzed ring-closing

metathesis of a substrate that contained a secondary amine,
although in that catalyst the metal-ligand bond is considerably
more stable.®43 We here report that the addition of defined
amounts of a strong acid prevents inhibition of the palladium
catalyst by amino groups and phosphate monoesters in the
oxidation of hydroxy groups in carbohydrates. This allows the site-
selective oxidation of aminoglycosides and sugar phosphates
without the use of protecting groups. As an example, we show
that in situ protonation greatly simplifies the site selective
modification of the antibiotics kanamycin A and amikacin. Several
derivatives of these antibiotics were prepared in two to three steps
and in good yields. Minimal inhibitory growth assays revealed that
two of the prepared derivatives were active in bacterial strains that
express antibiotic resistance enzymes.

Results and Discussion

The compatibility of the palladium catalyzed oxidation with the
presence of protonated amines was first studied by adding
ammonium salts to the oxidation reaction of methyl o-D-
glucopyranoside 3 (Figure 2A). Weakly coordinating anions were
selected, since chloride and azide are known to inhibit catalyst
1.B81 To our delight, the palladium-catalyzed oxidation reaction
proceeded in the presence of ammonium tetrafluoroborate and
hexafluorophosphate, which confirmed that ammonium groups
and weakly coordinating ligands do not inhibit the catalyst.
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Figure 2. (A) Oxidation of methyl a-D-glucopyranoside (3) in the presence of
ammonium salts. (B) Oxidation of aminoglycoside 5 in the presence of 1 eq of
various acids. (C) Oxidation of aminoglycoside 7 in the presence of TfOH. BQ
= benzoquinone. Neocuproine = 2,9-dimethyl-1,10-phenanthroline

These initial experiments indicated that protonation of amino
groups could be a viable strategy for the oxidation of
aminoglycosides. Protonation, however, changes the electronic
nature of the substrate considerably. A proximal ammonium
group may prevent coordination of the cationic palladium catalyst
due to electrostatic repulsion. Electrostatic interactions have
shown to play an important role in C-H functionalization reactions
by a decatungstate catalyst.?”8l In addition, the ammonium
substituent may hamper oxidation of a neighboring hydroxy group
by inductive electron withdrawal.?*>*° Therefore, we selected the
aminoglycosides 5 and 7 as substrates for proof-of-concept
experiments (Figure 2B and 2C). In these monosaccharides, the
distance between the oxidation site and the ammonium group is
considerably different.

We considered the selection of a suitable acid and solvent vital
for the protonation strategy. The acid needs to be sufficiently
strong to ensure full protonation, and the conjugate base should
not coordinate to the palladium catalyst. As both acid strength and
the ability of anions to coordinate to palladium are solvent-
dependent® we performed the oxidation of 5 in methanol and in
DMSO in the presence of one equivalent of acetic acid (AcOH),
trifluoroacetic acid (TFA), nitric acid or trifluoromethanesulfonic
acid (TfOH). Both DMSO and methanol are commonly employed
in palladium-catalyzed oxidation of saccharides, as these
solvents are compatible with the reaction and dissolve the very
polar substrates well. The pKa of the selected acids varies in

10.1002/chem.202400017
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these solvents and ranges from 12.3 (AcOH in DMSO) to —14.7
(TfOH in water).

No conversion was observed when acetic acid was used, neither
in DMSO nor in methanol. For DMSO-ds, this was the expected
outcome, as the equilibrium between acetic acid (pKa of AcOH =
12.3 in DMSO) and amine 5 (pK, of NH4* = 10.5 in DMSO) is on
the side of the free base. For a protic medium like methanol or
methanol-d4, we expected that acetic acid would protonate amine
5 (pKa of NH4* = 9.2 in water), even though acetic acid (pK, of
AcOH = 4.8 in water) is a relatively weak acid.*Y Even a small
amount of free amine, however, would inhibit the palladium
catalyst and in addition, acetate coordinates to palladium as well,
forming a less active catalyst.

The oxidation reactions in the presence of trifluoroacetic acid and
nitric acid gave mixed results. In the presence of trifluoroacetic
acid (pKa of TFA = —0.3 in water), minor amounts of the desired
ketone 6 were detected by *H-NMR after 2 h in methanol-ds. The
conversions increased to 17% when the reaction time was
extended to 1 d. No conversion was observed in DMSO (entry
2).%2 Vice versa, addition of nitric acid in DMSO-ds resulted in
approximately 25% conversion after 1 d (entry 3), but no
conversion in methanol-da.

Finally, trifluoromethanesulfonic acid, the strongest acid of the
series (pKa of TFOH = —14.7 in water, —14.3 in DMSO0),*3 was
used to protonate 5. Triflate is considered a non-coordinating
anion. Full conversion of 5 to the corresponding ketone 6 was
observed in methanol-d4 after 2 h. The oxidation also proceeded
in DMSO-ds, but the reaction was considerably slower and only
reached completion after 3 d. This difference underlines the
importance of selecting the appropriate solvent-acid combination.
Identical results were obtained when the chloride salt of 5
underwent salt metathesis with silver (1) triflate (AgOTf), to obtain
the triflate salt in situ, prior to oxidation (entry 5).

With these conditions, oxidation of 2-amino-2-deoxyglucoside 7
with TfOH in methanol-ds, was attempted (Figure 2C) but no
conversion was observed. Acetyl- and carbamate-protected
glucosamine derivatives are versatile substrates for this oxidation
reaction,*® so the absence of conversion confirmed that proximal
ammonium groups drastically lower the reactivity of a substrate in
the palladium-catalyzed oxidation reaction.

To demonstrate that the protonation strategy is more general, we
applied it to phosphorylated substrates (Figure 3). Phosphate
salts also inhibit the catalyst, as is evident from the failure of the
oxidation of methyl a-D-glucopyranoside (3) in the presence of
tetrabutylammonium dihydrogen phosphate (TBA H2PO.).
Addition of one equivalent of TfOH, however, effectively
prevented catalyst inhibition and resulted in 84% conversion of
the substrate to the corresponding 3-keto product 4 (Figure 3A).
Also methyl glucose-6-phosphate 9 was successfully oxidized,
upon protonation of the phosphate group with triflic acid (Figure
3B). The oxidation proceeded both in methanol and in DMSO, but
the reaction in methanol was considerably faster, as was also the
case for aminosugars. Although the oxidation of glycerol 1-
phosphate 10 in DMSO remained incomplete, this procedure
gives readily access to dihydroxyacetone phosphate. Finally, we
attempted the oxidation glucose 1-phosphate 11 and glucose 6-
phosphate 12. Glucose 1-phosphate 11 turned out sensitive to
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acid, rapidly hydrolyzed in DMSO and formed the O-methyl
glycoside in methanol. Also the hemiacetal function in glucose-6-
phosphate 12 reacted with methanol in the presence of TfOH.
However, 12 could be oxidized in DMSO and good conversion to
an anomeric mixture of the desired 3-keto-a-glucose-6-phosphate
products was observed by 'H-NMR after overnight reaction.
Prolonging the reaction time further led to side product formation.

A OH

TBAH,PO, (2 eq.) then OH
t. 2 (2.5 mol%), BQ (1 eq.
HO o cat 2(2.5mol%) (1eq.) 5 o
HO CD,0D
HO
OMe 0 "9 ome
3 4
conversion
w/o TfOH 0%
with TfOH 84%
B OPO3H,
"o i oH
HO Ho._A\_ OPO:Na;
9 OMe 10
conversion [time] conversion [time]
CD,0D 86% [2.5 h] DMSO-d, 55% [48 h]
DMSO-d, 92% [48 h]
OH OPO3Nay
HO O HO o
HO HO
HO HO
11 OPOsNay 12 ©OH
conversion [time] conversion [time]
CD,0D nd CD,0D n.d.
DMSO-d, n.d. DMSO-d, 79% [24 h]

Figure 3. (A) Oxidation of glucopyranoside 3 in the presence of
tetrabutylammonium dihydrogen phosphate. (B) Oxidation of phosphorylated
substrates  9-12 in the Conditions  used:
(neocuproine)Pd(OTf)2 2 (2.5 mol%), tert-butyl benzoquinone (1 eq), TfOH (2

eq). n.d.: not determined because the substrate reacted with the solvent.

presence of TfOH.

Having established that protonation can be used to allow
oxidation of aminoglycosides by temporarily protecting Lewis
basic sites, our next objective was to apply this strategy to
kanamycin A 13 and its semi-synthetic analogue amikacin 14
(Figure 4A). These well-known and broadly applied
aminoglycosides show broad-spectrum activity against both
Gram positive and Gram negative bacteria, including
Mycobacterium tuberculosis.*¥ Kanamycin A 13 and amikacin 14
interfere with the protein translation process in bacteria by binding
to the 16S rRNA of the ribosomes.“>4l Bacterial resistance
towards 13 and 14, and antibiotics in general, is a major
issue.#7}8 The clinically most relevant bacterial resistance
mechanism against 13 and 14 is structural modification of the
antibiotic by aminoglycoside-modifying enzymes (AMEs).[50
Acetylation of one of the amino groups by N-acetyltransferases
(AACs), and phosphorylation or adenylylation of one of the
hydroxyl groups by O-phosphotransferases (APHs) or O-
nucleotidyltransferases (ANTs) results in a complete loss of
antibacterial activity.

Inactivation of aminoglycosides can be prevented by chemically
modifying the sites that are targeted by the AMEs.B:-7

10.1002/chem.202400017
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Introduction of a 4-amino-2-hydroxybutanoyl (AHB) residue on
the 2-deoxystreptamine ring (ring 1), as in amikacin 14, prevents
modification by most of the clinically relevant N-
acetyltransferases.’®  Similarly, APH(3’)-induced bacterial
resistance has been overcome by making structural alterations at
the C3 position (indicated in Figure 4A with the arrow) that
circumvent phosphorylation of the 3’-OH of kanamycin A.
3’-ketokanamycin A 15,69 3’-deoxykanamycin,[5877.78]
3-epikanamycin  17,”% and 3'-deoxy-3'-fluorokanamycin,[7%-84
show strongly increased activity against pathogens expressing
APH(3’). Modifications at the 3’-postion of kanamycin A that
introduce more bulk, such as 3'-deoxy-3’-chlorokanamycin and
3’-O-methylkanamycin,®? have been reported as well, but these
modifications are not well-tolerated and lower the antibiotic
activity, compared to the parent compound kanamycin A.

ring Il
3
MNHR
01
o OH
] 8"
HO OH
Bz ring il
Kanamycin A13, R=H
HO
Amikacin 14, R = W NH;
O AHB
B NH, NHz*
HO Q a HO Q
HO —_—>
HO o) HO
13 15
cat. [Pd](mol%) BQ solvent conversion (NMR yield)
1 | 15 1.5 CH3OH 72% (64%)
22 2 CH3OH 87% (80%)
22 2 CH3OH/HFIP 92% (85%)
2 45 4  CH3OH/HFIP 95% (85%)
45 4  CD;OD/HFIP 97% (90%)
90 4  CD3OD/HFIP 100% (91%)
H,N
% HO 3
HO NH,
o]
5 N 1 OH
o] 6"
HO OH
HoN
16

Figure 4. (A) Structures of kanamycin A 13 and amikacin 14. (B) Optimization
of the oxidation of kanamycin A 13. (C) Structure of the disaccharide side
product 16.

Modification of aminoglycosides has therefore shown to be a
successful approach to tackle bacterial resistance; however,
preparation of modified aminoglycosides is a formidable
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challenge. 3’-Ketokanamycin 15, for example, was prepared in
not less than 11 steps from kanamycin A 1. Ten out of these
eleven steps were protection and deprotection steps and just one
step was the oxidation of the 3'-hydroxy group to the 3'-ketone.®
Long synthesis routes limit the access to the amount of material
that is required for thorough biological and clinical studies.

Ring | of kanamycin A 13 and amikacin 14 is similar to substrate
5 (Figure 4A and Figure 2B). We reasoned that the protonation
strategy applied to 13 and 14, would allow the introduction of
small structural alterations at the 3’-position in kanamycin A and
amikacin in just a few steps. Therefore, we adapted the
established conditions from Figure 2B. Kanamycin A 13, which is
commercially available as the monosulfate salt, had to be
converted into the tetratriflate salt, prior to oxidation. We added a
slight excess of TfOH (2.2-2.5 eq) to protonate the amino groups
and barium ditriflate (BaOTf,) (1.2 eq) to exchange the sulfate
counterion for triflate. We opted for this combination of protonation
and salt metathesis, as it allows preparation of the tetratriflate salt
in situ in methanol. Barium sulfate is extremely insoluble,®3 and
after its addition only kanamycin triflate remains in solution.

The resulting suspension was used as such in the oxidation
reaction and 1,4-benzoquinone (BQ) and
[(neocuproine)PdOAC],(OTf), 1 were added. 'H-NMR showed
that the hydroxy group at C3’ of ring | oxidized selectively and that
a mixture of 3’-ketokanamycin A 15 and the corresponding
hydrate had formed in 64% yield (Figure 4B). In the absence of
TfOH or Ba(OTf),, the oxidation of kanamycin did not proceed,
which demonstrated the necessity of both reagents to prepare the
tetratriflate salt and also showed that sulfate, under the conditions
used, inhibits the palladium catalyst. We envisioned that
separation of remaining kanamycin A 13 from the resulting C3’
derivative would be challenging; hence the conditions were
further optimized to achieve complete conversion. During this
process, we noted large variations in the conversion, depending
on the batch of catalyst 1 used. Since (neocuproine)Pd(OTf), 2
may be prepared in situ from 1 by the slight excess of TfOH used
for the protonation of the amines, we also tested biscationic
catalyst 2 on kanamycin A 13 tetratriflate. We were pleased to
observe that (neocuproine)Pd(OTf), 2 gave consistently high
conversions, and therefore continued the optimization with this
catalyst.

Oxidation of kanamycin tetratriflate 13 with two equivalents of
benzoquinone and 22 mol% 2 resulted in 87% conversion. A small
improvement  in  conversion was observed  when
hexafluoroisopropanol (HFIP) was used as a cosolvent
(CH3OH/HFIP 4/1) (entry 3). HFIP is a very polar solvent and a
strong hydrogen bond donor,®4 which might assist solvation of
the triflate counterions and shift the equilibrium between TfOH
and kanamycin further to the tetratriflate salt. Further increasing
the amount of HFIP to a ratio of 1/1 (CH3OH/HFIP) resulted in a

drop of conversion, due to the poor solubility of kanamycin in HFIP.

Doubling the amount of benzoquinone (4 eq) and catalyst (45
mol%) gave an increase in conversion to 95% (entry 4).
Interestingly, the conversion further increased when the oxidation
was performed in deuterated methanol instead of regular
methanol, which suggests that oxidation of methanol is a
competing side reaction (entry 5). Palladium catalysts are known
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to oxidize methanol at room temperature with a very low rate.!**!
Oxidation of the substrate normally outcompetes this side
reaction.[®® In the current case, however, inductive electron
withdrawal and electrostatic repulsion by the ammonium groups
likely deactivate the substrate towards oxidation. Deuterated
methanol competes to a lesser extent, since the C-D bond is more
resistant against hydride abstraction than the C-H bond. Finally,
full conversion was obtained using a near stoichiometric amount
(90 mol%) of palladium catalyst (entry 6).

Pleased with this result, we attempted to purify ketone 15.
Mobashery and co-workers isolated 3’-ketokanamycin A 15 as the
monotrifluoroacetate salt in 11 steps. In our hands, 15 degraded
slowly when it was neutralized for workup and purification. The
most prominent degradation product was disaccharide 16 in
which ring | has been removed, presumably in an E1cB
reaction.®® Ketone 15 could be purified to an acceptable degree
using size-exclusion chromatography, but the limited stability of
15 makes it unsuitable as an antibiotic candidate.

We reasoned that these stability problems could largely be
circumvented by further modification of the ketone group, directly
after the oxidation reaction (Figure 5). This indeed proved to be
the case. Reduction of the ketone with NaBH,4 gave a mixture of
3’-epikanamycin A 17 and kanamycin A 13 in good yield. Residual
salts, hydroquinone, catalyst and small amounts of degradation
products were effectively removed by ion exchange
chromatography using a weakly cationic exchange resin (NH4*
form) and aqueous NH; as the eluent.f1 ICP-MS analysis showed
that the palladium and barium content was below 25 ppm after
this step. However, the remaining kanamycin A 13 in the mixture,
which originated from an imperfect stereoselectivity of the
reduction of the ketone, could not be separated from the desired
epimer 17 with this method. To prepare stereochemically pure 3’-
epikanamycin A 17, we hydrogenated 3’-ketokanamycin A 15 with
PtO,. We were pleased to observe, that this hydrogenation turned
out to be considerably more selective than reduction with NaBHa,
and epimer 17 was obtained diastereomerically pure in 58% yield
over two steps (Figure 5). This is a dramatic improvement
compared to our earlier reported four-step synthesis which gave
an overall yield of 10%.

Our group reported various procedures to further functionalize
unprotected keto-saccharides!*32527-2%1 and we reasoned that
these reactions could be used to introduce structural alterations
at the 3’-position that span beyond epimerization. Protecting-
group free oxidation of kanamycin A 13 followed by indium-
mediated allylation of keto-glycoside 15 indeed gave the resulting
3’-allylkanamycin 18, as a single diastereomer, in 60% yield over
two steps. NOESY NMR showed that the allylation reaction
exclusively afforded allo-configured product 18, which is in line
with earlier results obtained on glucosides. Using the earlier
reported sequential oxidation-oxime formation procedure, we also
prepared oximes 19 and 20 in good yields. These potential
antibiotic candidates also served as precursors for the synthesis
of both epimers of 3-aminokanamycin. We previously
demonstrated that reduction of C3-oxime-ethers under Birch
conditions lead to the equatorial amine, whereas the axial amine
can be prepared by hydrogenation of the oxime over Adams’
catalyst. Indeed, reduction of methyloxime 20 with sodium yielded
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3’-aminokanamycin 21, while hydrogenation of oxime 19 with
PtO, afforded 3’-epi-aminokanamycin 22.

To demonstrate that this oxidation method can be applied to other
aminoglycosides as well, we applied the procedure to amikacin
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14. Commercial amikacin disulfate was converted into the
corresponding tetratriflate salt with 2 eq of Ba(OTf), and
subsequently oxidized with catalyst 2. NMR analysis showed full

A
NH, NH, N NH,
HO 0 HO 0 HO 0
HO R
g/ Ho | HaN ! L HO H2N
2
% HO NH, - . HO NH,
o] o]
OH OH
ﬁ\f 2 2
HO OH HO OH
H,N H,N
13 15 17-22
ring I
NH, NH, NH, NH, NH,
HO 0 HO 0 HO 0 HO 0 HO 0
H,N
o HO HoweN, HO H,cown  HO HO NHZHo
17 19 (mixture of E/Z) 20 (mixture of E/Z) 21 22

58% (over 2 steps)

60% (over 2 steps)

65% (over 2 steps)

B NH,
HO 0
HO HAN
HOo 2 H OH
"o (0] W/K/\NHZ
b
14 O OH a
HO O OH 45% (over
H,N
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38% (1 step from 20)
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Figure 5. (A) Functionalization of 3’-position of kanamycin A 13. (B) Epimerization of the 3'-position of amikacin 14. a is Pd-catalyzed oxidation, b is Pt-catalyzed

hydrogenation.

Table 1. MIC results of the aminoglycoside derivatives!®

E.coli E.coli DH5a DH5a DH5a DH5a DH5a DH5a
ATCC DHS5a APH(3)-la APH(@@)lla APH(@@)llb APH@)-lla APH(3)-VI APH(3)-VI
25922
ig”amycm 4 1-2 256 64-128 128-256 >512 2 32
17 1632 8 32 16 32 32 8 16
18 >512 gi’g >512 >512 >512 >512 256 >512
19 16 4 4 4 4 4-8 4 4
20 >512 ;ig 256 256 256 256 256 256
2 ;52;2_ 64 64 64 64 128 64 64
22 64 16 32 16-32 16 32-64 16 16
i‘;"ikad” 1 051 051 <0.25 0.25-0.5 2-4 0.25-0.5 1-2
23 4-8 2 1-2 1 1 2 1 12
[a] values in pg/ml
6
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