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ABSTRACT

Acinetobacter baumannii is a gram-negative bacterium causing severe hospital-acquired
infections such as bloodstream infections or pneumonia. Moreover, multidrug resistant A.
baumannii becomes prevalent in many hospitals. Consequently, the World Health Organization
made this bacterium a critical priority for the research and development of new antibiotics.
Rifabutin, a semisynthetic product from the rifamycin class, was recently found to be very active
in nutrient-limited eukaryotic cell culture medium against various A. baumannii strains, including
extremely drug-resistant strains, with minimal inhibitory concentrations as low as 0.008 pg/mL.
Moreover, this in vitro potency translates into in vivo efficacy. Thus, rifabutin appears to be an
attractive novel antibiotic against A. baumannii. In this work, our objective was to design and
synthetize rifabutin prodrugs with increased aqueous solubility to allow intraveneous use.
Synthetic methodologies were developed to selectively functionalize the hydroxyl group in position
21 and to afford 17 prodrugs. We measured the water solubility of the prodrugs, the stability in
human and mouse plasma and their antimicrobial activity against A. baumannii after incubation in
human serum. Finally, a pharmacokinetic release study of rifabutin was performed in CD1 mice

with three selected prodrugs as a proof of concept.
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1. Introduction

Rifabutin (also known as LM 427 and Mycobutin®) is a spiro-piperidyl-rifamycin derived from
rifamycin-S, belonging to the class of ansamycins. The antimicrobial activity of the rifamycins is
based on their ability to penetrate the bacterial cell wall and to inhibit DNA-dependent RNA
polymerase with a subsequent inhibition of transcription and protein synthesis. Rifabutin has a
broad spectrum of antimicrobial activity. This includes activity against mycobacteria, a variety of
Gram-positive and Gram-negative bacteria, Chlamydia trachomatis, and Toxoplasma gondii. [1]
Escherichia coli and other Gram-negative enteric bacteria and nonfermenting Gram-negative
bacilli are resistant to rifabutin at concentrations that can be readily achieved in blood. [2] It has
been established that the drug’s penetration through the bacteria cell wall explains the higher
potency against Gram-positive compared to the Gram-negative despite the quite similar RNA
polymerase inhibitory activities. [3]

Acinetobacter baumannii is a Gram-negative pathogen causing severe hospital-acquired
infections such as pneumonia and sepsis, with a fatality rate between 50 and 60 %. [4] The World
Health Organization categorized carbapenem resistant A. baumannii as a critical priority for the
research and development of new antibiotics due to current limited effective therapeutic options.

[5] In this context, the ReFRAME library, a collection of 12,000 compounds that have been



marketed or have reached clinical development, [6] was screened for in vitro activity against A.
baumannii in nutrient-limited eukariotic cell culture medium to mimic the host environment.
Rifabutin was identified as the most potent hit [7] and displayed minimal inhibitory concentrations
(MICs) against A. baumannii strains as low as 0.008 pg/mL. Interestingly, MICs of rifampicin,
similarly to all other rifamycin antibiotic tested, remained invariably high independently of the
culture medium used. In studies of the mechanism of action, rifabutin was shown to be actively
transported in A. baumannii through the TonB-dependent siderophore transporter FhuE. [7] More
importantly, in vitro activity in iron-limited condition was shown to translate well into in vivo efficacy
[7] and PK/PD studies revealed that whereas AUC/MIC is the primary driver for efficacy, Cnax/MIC
is an important secondary driver and may be especially important not only for efficacy but to reduce
chances of resistance development. [8] Thus, to optimize rifabutin exposures (AUC) and Cmax and
to mininimize the intrinsic interpatient variability inherent to oral dosing, [9] the intrinsic low
acqueous solubility of rifabutin was overcome with a new intravenous (IV) formulation (BV100)
[US20210077470A1]. BV100 is currently evaluated in three clinical phase | trial studies
(NCT04636983, NCT05087069, NCT05086107). [10,11,12].

Alternatively, we aimed at synthesizing prodrugs capable of rapidly regenerating rifabutin in
human plasma while demonstrating improved aqueous solubility. We report here the design, the
synthesis and the physicochemical and pharmacokinetic characterization of rifabutin prodrugs for
intravenous use. To date, only bisphosphonate rifabutin prodrugs have been studied to target
bone infections caused by Staphyloccocus aureus and release the parent drug at the site of
infections [13,14].

Two points of attachment were considered to introduce the promoiety on the rifabutin scaffold with
three different chemical bonds: the imidazoline ring through regioselective acylation using either
acyl chlorides or chloroformates to yield amides and carbamates, respectively [15-18] or the
hydroxyl group at the C-21 position through regioselective acylation using anhydrides to form
esters. [13,14,19]

As described in Scheme 1, rifabutin prodrugs amide 1, carbamate 2 and ester 3 were synthesized
and their stability in human plasma and their MIC on A. baumannii were evaluated in vitro (Table
1).



Scheme 1. Synthetic pathway for ribabutin amide (1), carbamate (2) and ester 3 prodrugs. Reagents and
conditions; (a) SOCIz, reflux then EtsN, THF, 0 °C to RT, quant.; (b) 1,8-Bis(dimethylamino)naphthalene,
THF, RT, 77 %; (c) DCC, CH2Clz, RT then DMAP, THF, RT, 51 %.

Table 1. Stability in human plasma and in vitro activity against A. baumannii of compounds 1 to 3.

Compound % remaining at 6 h?2 MICP (ug/mL)

rifabutin / 0.002
1 2+0.1 N.D.
2 86+1.0 0.06
3 99+1.3 > 32

& Experiments were performed in duplicate
b Medium culture: RPMI + 10 % FCS

Amide 1 had quantitatively released rifabutin within 6h (Table 1). Unfortunately, this compound as
well as other amide derivatives were found to be unstable under purification conditions or in the
presence of water. Due to the overall poor chemical stability of this series, this functionalization
was discarded. Carbamate 2 was more stable in aqueous solution but also in human plasma with
a remaining percentage at 6 h of 86 %. Nevertheless, a potent bacterial growth inhibition was
observed, with a MIC of 0.06 pg/mL, which is in accordance with published N-substituted
derivatives that maintained potency against S. aureus and Mycobacterium tuberculosis. [14,15]

Therefore, carbamate 2 could not be considered as a true prodrug. Finally, ester 3 was also stable



in plasma (99 % remaining at 6 h) and did not show any A. baumannii growth inhibition at the
tested concentrations (MIC > 32 ug/mL). Indeed, the hydroxyl group at the C-21 position is
mandatory for the interaction with bacterial RNA-polymerase and therefore for the growth inhibition
activity. [20] As enzymatic conversion of prodrugs is dependent on accessibility of the scissile
bond to the enzyme, we decided to pursue modifications of the C-21 position with spacers
between the scissile bond and the rifabutin core. To improve the hydrolysis of these derivatives in
plasma, we employed intramolecular spontaneous cyclization strategies and self-immolative
linkers (Fig 1). The hydroxyl group at C-21 was connected through an ester bound to a linker,
which carries a nucleophilic atom (nitrogen or oxygen). Nucleophilicity of the latter is masked by
an amide, an ester or a phosphate bound linked to the solubilizing group. Upon enzymatic
deacylation of the nitrogen, spontaneous intramolecular cyclisation could result in rifabutin release
(Type A rifabutin prodrugs, Fig 1). We also considered the use of self-immolative linkers such as
p-hydroxybenzylalcohol (PHBA) or “trimethyl lock” (TML) systems (Type B rifabutin prodrugs, Fig
1). [21-23]
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Fig 1. General scheme of intramolecular cyclization strategy from type A and B prodrugs (respectively
without or with a self-immolative linker (SIL)). Nu = NH or O.



2. Chemistry

2.1.Synthesis of type A prodrugs
Type A rifabutin prodrugs were synthesized by coupling moieties carrying the solubilizing group
through an amide bound to Gly-rifabutin (intermediate 6, Fig 2) or Sar-rifabutin (intermediate 7,
Fig 2). The first strategy to increase water-solubility was to use L-amino acids as prodrug moieties.
The second strategy was to incorporate a phopshate group via a glycolyl linker, and the third
strategy was to introduce a dimethylglycine via the same linker. Three different series of type A
prodrugs, named according to the scissile bond, were obtained: amide, phosphate and ester (Fig
2).
For all these compounds, the spontaneous intramolecular cyclization after cleavage would also
lead to the release of diketopiperazine (piperazine-2,5-dione or 1-methyl-piperazine-2,5-dione) or
diketomorpholine (4-methylmorpholine-2,5-dione) in addition to rifabutin. Moieties leading to these
cyclic metabolites through intramolecular cyclization have been widely reported in the literature
for the preparation of prodrugs and have not been described as causing side-effects. [24—-27]

RO
HN

R, = -H (glycyl derivative) 21aR, = -CH,CH,CH,CH,NH, (AA = L-Lys)
11a R, = -CH,CH,CH,CH,NH, (AA=L-Lys)  21b R, = -CH,CH,CH,NH- (AA = L-Pro)

R, =-CHj, (sarcosyl derivatives)

11b R, = -H (AA = Gly)

11c Ry =-CH,OH (AA = L-Ser)

11d R, = -CH(CH,)OH (AA = L-Thr)

11e R, =-CH,CONH, (AA = L-Asn)

11f R, =-CH,CH,CONH, (AA = L-Gln)
11g R, = -CH,-Im (AA = L-His)

11h R, = -CH,CH,CH,-NH, (AA = L-Om)
11i R, = -CH,CH,CH,CH,-NH, (AA = L-Lys)
17a R, = -CH,COOH (AA = L-Asp)

17b R, =-CH,CH,COOH (AA = L-Glu)



Fig 2. Description of the targeted type A amide, phosphate and ester prodrugs obtained from Gly-RBT (6)
or Sar-RBT (7).

2.1.1. Synthesis of type A rifabutin amide prodrugs

The synthesis of intermediates 6 and 7 was achieved through the regioselective acylation of
rifabutin at position 21 with either Fmoc-glycine or Fmoc-sarcosine (Scheme 2) by adapting a
protocol described by Dietrich et al. [13,14] The structure of compound 5 was confirmed by 1D
and 2D NMR (Fig. S1). The Fmoc protecting group was then removed with piperidine to afford
compounds 6 and 7 in good yields (93 % and 82 % respectively). [28]
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Scheme 2. Synthesis of intermediates 6 and 7. Reagents and conditions; (a) PivCl, Pyridine, THF, RT; (b)
Rifabutin, Pyridine, DMAP, THF, RT, 73-74 %; (c) 20 % Piperidine in THF, RT, 82-93 %.

Intermediates 9a-9h were prepared in parallel following a two-step procedure: Fmoc-protected
amino acids were condensed with glycine tert-butyl ester using 1-[(1-(Cyano-2-ethoxy-2-
oxoethylideneaminooxy) dimethylaminomorpholino)] uronium hexafluorophosphate (COMU) as
coupling agent (Scheme 3) to afford compounds 8a-8h. The tert-butyl group was removed in acidic
conditions to obtain the carboxylic acids 9a-h. The latter were condensed with either 6 or 7 to give
intermediates 10a-i. Finally, the Fmoc protecting-group was cleaved with piperidine in THF to lead
to prodrugs 11a-i.
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R, =-H (glycyl derivative)
10a R, = -CH,CH,CH,CH,-
NH-Fmoc (AA = L-Lys)

R, = -CH, (sarcosyl derivatives)

10b R,=-H (AA = Gly)

10c R, = -CH,OH (AA = L-Ser)

10d R, =-CH(CH,)OH (AA = L-Thr)
10e R, = -CH,CONH, (AA = L-Asn)
10f Ry = -CH,CH,CONH, (AA = L-GIn)
10g R, = -CH,-Im (AA = L-His)

10h R, = -CH,CH,CH,-NH-Fmoc (AA = L-Om)
10i R, = -CH,CH,CH,CH,-NH-Fmoc (AA = L-Lys)

R, =-H (glycyl derivative)

11a R, = -CH,CH,CH,CH,-
NH, (AA = L-Lys)

R, =-CH, (sarcosyl derivatives)

11b R, =-H (AA = Gly)

11c Ry = -CH,0OH (AA = L-Ser)

11d R, = -CH(CH,)OH (AA = L-Thr)

11e R, = -CH,CONH, (AA = L-Asn)

11f Ry = -CH,CH,CONH, (AA = L-GIn)

11g R, = -CH,-Im (AA = L-His)

11h R, =-CH,CH,CH,-NH, (AA = L-Om)
11i Ry = -CH,CH,CH,CH,-NH, (AA = L-Lys)

Scheme 3. Synthesis of prodrugs 11a-i. Reagents and conditions; (a) glycine tert-butyl ester, COMU, DIEA,
EtOAc or DMF, RT, 53-87 %; (b) TFA in CH2Clz, 36-93 % or HCI in dioxane (9f), RT, quant.; (c) 6 or 7,
COMU, DIEA, EtOAc or DMF, RT, 43-79 %; (d) 20 % Piperidine in THF, R.T, 60-100 %.

For the synthesis of 17a and 17b, the side chains of Fmoc-Asp and Fmoc-Glu were converted into
fluorenylmethyl esters using fluorenylmethanol, dicyclohexylcarbodiimide (DCC) and catalytic
amounts of DMAP (Scheme 3).[29] The tert-butyl group of 12a-12b was removed under acidic
conditions to give the amino acids 13a-13b. Then, the same synthetic route as described in
Scheme 3 was applied, to obtain the targeted prodrugs 17a and 17b in four steps.
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Scheme 4. Synthesis of prodrugs 17a-b. Reagents and conditions; (a) fluorenylmethanol, DCC, DMAP,
CH2Clz, 0 °C to RT, 36-50 %; (b) TFA in CH2Cl2, RT, 40-85 %; (c) glycine tert-butyl ester; hydrochloride,
COMU, DIEA, EtOAc, RT, 81-88 %; (d) TFA in CH2Clz, RT, 74-89 %; (e) 7, COMU, DIEA, DMF, RT, 57-71
%; (f) 20 % Piperidine in THF, RT, 70-100 %.

Compounds 21a and 21b were prepared in three or four steps. 18 was obtained by condensing
Fmoc-Lys(Fmoc)-OH and 1H-benzotriazole using propylphosphonic anhydride (T3P), then was
allowed to react with proline in a mixture of acetonitrile and water (Scheme 5) to give 19a. 19b
was obtained by adding N-e-Fmoc-lysine in a solution of Fmoc-Lys(Fmoc)-OH in DMF, which had
been pre-activated with COMU. Dipeptides 19a-b were coupled with intermediate 7, followed by

the cleavage of the Fmoc protecting groups to afford prodrugs 21a and 21b.
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Scheme 5. Synthesis of prodrugs 2la-b. Reagents and conditions; (a) 1H-benzotriazole, T3P, DIEA,
EtOAc, RT, 89; (b) L-Pro-OH, EtsN, H2O/CH3CN, RT, 30 %; (c) COMU, L-Lys(Fmoc)-OH, DIEA, DMF, RT,
33 %;(d) 7, COMU, DIEA, EtOAc or DMF, RT, 17-52 %; (e) 20 % Piperidine in THF, RT, 88-94 %.

2.1.2. Synthesis of type A rifabutin phosphate prodrugs

The synthesis of the prodrug 25 (Scheme 6) was performed in a 4-steps synthesis.
Triallylphopshite was first converted into the diallyl phosphoriodidate intermediate using molecular
iodine, which is then allowed to react with tert-butyl glycolate in presence of DMAP to give 22. [30]
The tert-butyl group was then removed under acidic conditions to give 23. The carboxylic acid 23
was coupled with 7 using COMU to give a mixture of the desired product 24a and the mono-
deprotected compound 24b. The complete deprotection of 24a and 24b was achieved in the

presence of Pd(PPhs)s as catalyst and morpholine as carbocation scavenger to afford 25. [31]
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Scheme 6. Synthesis of prodrug 25. Reagents and conditions; (a) Iz, tert-butyl glycolate, DMAP, CH2Clz, 0
°C to RT, 68 %; (b) TFA in CH2Clz, RT, quant.; (c) 7, COMU, DIEA, EtOAc, RT; (d) Pd(PPhs)s, morpholine,
CH2Cl2, RT, 38 %.

2.1.3. Synthesis of type A rifabutin ester prodrugs

The synthesis of prodrug 29 is described in Scheme 7. The first step consisted of the acylation of
tert-butyl glycolate with chloroacetyl chloride to give the chlorine derivative 26. The latter was
reacted with dimethylamine to give 27, which was then deprotected with HCI in dioxane to give
the carboxylic acid 28. Finally, coupling with sarcosyl-rifabutin 7 afforded the prodrug 29.



Scheme 7. Synthesis of prodrug 29. Reagents and conditions; (a) tert-Butyl glycolate, pyridine, CH2Clz, 0
°C to RT, 90 %; (b) Dimethylamine, K2COs, CH3CN, RT, 59 %; (c) 25 % TFA in CH2Clz then HCI 4N in
dioxane, RT, 91 %; (d) 7, COMU, DIEA, DMF, RT, 65 %.

2.2.Synthesis of type B phosphate prodrugs

The type B phosphate prodrugs were designed to incorporate a self-immolative spacer (p-
hydroxybenzylalcohol for compound 33 or “trimethyl lock” for compound 43) between the
solubilizing group, here the phosphate, and the labile glycyl-sarcosyl linker (Fig 3).

N
Phosphate-TML-Gly-Sar-RBT 43 <

Expected scissile bond K Clevage of_the bon_d after decomposition
J of the self-immolative spacer

Fig 3. Description of the targeted type B phosphate prodrugs 33, containing a p-hydroxybenzylalcohol
spacer, and 43, containing a “trimethyl lock” spacer.

The prodrug 33 was synthesized starting from 30 (Scheme 8). Compound 30 was obtained from
the reaction between diallyl phosphoriodidate, obtained as previously described from

triallylphosphite, and 4-hydroxybenzaldehyde, followed by reduction of the aldehyde using



sodium borohydride. [32] The alcohol was allowed to react with 4-nitrophenyl chloroformate to
give the corresponding activated carbonate, used to N-carbamoylate glycine and to afford
compound 31. Similar to the procedure described above for compound 25, the coupling with

intermediate 7 followed by the deprotection of allyl groups afforded the prodrug 33.

1 I 2

31

Scheme 8. Synthesis of prodrug 33. Reagents and conditions; (a) |2, 4-hydroxybenzaldehyde, DMAP,
CH2Clz, 0 °C to RT; (b), NaBH4, THF, 0 °C to RT, 69 % over 2 steps; (c) 4-Nitrophenyl chloroformate,
pyridine, CH2Clz, 0 °C to RT; (d) Glycine, EtsN, CH3CN/H20, RT, 35 % over 2 steps; (e) 7, COMU, DIEA,
EtOAc, RT, 81 %; (f) Pd(PPhs)s, morpholine, CH2Cl2, RT, 86 %.

The synthesis of the prodrug 43 incorporating a “trimethyl lock” linker was performed in 10 steps
(Scheme 9). Reaction between 3,5-dimethylphenol and methyl 3,3-dimethylacrylate in
methylsulfonic acid under reflux afforded the dihydrocoumarine 34. [33] Reduction of the lactone
with lithium aluminium hydride (LiAIH.) gave the alcohol 35, [34] which was then protected as silyl
ether with tert-butyldimethylsilyl chloride (TBDMSCI) to afford 36. [35] However the latter did not
react with diallyl phosphoriodidate in presence of DMAP as previously described. This observation
might be explained by the presence of the two methyl substituents on the phenyl ring, making the
arene richer in electrons and rendering the phenol more hindered. To circumvent this issue, DMAP
was replaced by a stronger base, sodium hydride (NaH), and the deprotected diallyl phosphate
37 was obtained. Classicaly for “trimethyl lock” synthesis, the alcohol is then converted to

carboxylic acid with strong oxidants, such as Jones reagent. [35] These harsh conditions were not



suitable due to the presence of the allyl groups. Therefore, aldehyde intermediate 38 was obtained
in milder conditions using Dess-Martin periodinane (DMP), [37] which was further oxidized via a
Pinnick reaction, using sodium chlorite (NaClO,), monosodium phosphate (NaH:PO4) and
resorcinol as a scavenger of hypochlorous acid to afford compound 39. [38] Finally the same

synthetic route as described in Scheme 8 was followed to obtain the prodrug 43.
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Scheme 9. Synthesis of prodrug 43. Reagents and conditions; (a) Methyl 3,3-dimethylacrylate, CH3zSOsH,
70 °C, 78 %,; (b) LiAlHs4, THF, 0 °C to RT, 45 %; (c) TBDMSCI, imidazole, DMF, 0 °C to RT, 90 %; (d)
Triallylphosphite, 12, NaH 0°C to RT, 57 %; (e) DMP, CH2Clz, 0 °C to RT, 94 %; (f) NaClO2, resorcinol,
NaH2P04, H20/t-BUOH, RT, 81 %; (g) glycine tert-butyl ester; hydrochloride, COMU, DIEA, EtOAc, RT, 79
%; (h) TFA, CH2Cl2, RT, quant.; (i) 7, COMU, DIEA, EtOAc, RT, 65 %; (j) Pd(PPhs)4, morpholine, CH2Clz,
RT, 11 %.



3. Results and discussion
3.1.Human plasma stability

To investigate the stability of the prodrugs and their ability to release rifabutin, compounds were
first incubated for 6h, at 37°C, in human plasma. The release of rifabutin was monitored by LC-
MS. Prodrugs that showed a significant release of rifabutin were then tested, in duplicate, in a
kinetic study, where the quantitative dosing of rifabutin was monitored by LC-MS/MS together with

the remaining percentage of prodrug and key intermediates.

3.1.1. Type A amide prodrugs

The influence on plasma stability of the nature of amino acids incorporated in the prodrug
structures was studied to establish structure-reactivity relationships (Table 2). In the AAs-Gly-Gly-
RBT series, Lys-Gly-Gly-RBT 11a showed only low release of rifabutin (6%), despite a very low
amount of remaining prodrug (6%). LC-MS analysis confirmed the cleavage of the amide bond
between the two glycines, leading to the release of the stable glycyl-rifabutin intermediate 6 (Fig.
S2). The introduction of a non-proteogenic amino acid, sarcosine, allowed circumventing this
issue. In contrast, Lys-Gly-Sar-RBT 11i showed the highest percentage of rifabutin release after
6h of incubation (95%) together with a percentage of remaining prodrug of 0.6 % + 0.06 (Fig. S3).
The formation of sarcosyl-rifabutin intermediate 7 was not observed. A lower level of released
rifabutin (45%) was measured with Orn-Gly-Sar-RBT 11h. However, because of its chemical
instability observed after deprotection, 11h was not considered for further investigations. In this
series, the introduction of amino acids with a neutral side chain at physiological pH such as glycine
(Gly-Gly-Sar-RBT, 11b), serine (Ser-Gly-Sar-RBT, 11c), threonine (Thr-Gly-Sar-RBT 11d),
asparagine (Asn-Gly-Sar-RBT, 11e), and glutamine (GIn-Gly-Sar-RBT, 11f), or with a partially
protonated or totally deprotonated side-chains (His-Gly-Sar-RBT, 11g; Asp-Gly-Sar-RBT, 17a;
Glu-Gly-Sar-RBT, 17b) led to stable prodrugs (< 24% of rifabutin release at 6h).

Based on these initial results, a new series of tripeptidic prodrugs were designed where lysine and
sarcosine were used as terminal and first amino acids respectively. Only the second amino acid
was modified. Two prodrugs were synthesized with the general structure Lys-AA,-Sar-RBT, where
AA; is a proline (21a) or a lysine (21b). Both prodrugs appeared more stable than 11i.

The role of the sarcosine appeared to be crucial to avoid cleavage between AA; and AA,. As
expected, not all terminated amino acids (AAsz) are equally cleaved. Among compounds from 11b

to 17b, only lysine in 11i is efficiently cleaved, allowing the rapid release of rifabutin.



Table 2. General structure of type A amide prodrugs 11a-21b and percentage of rifabutin release at 6h in

human plasma.

0O X R 0O
HZN\)LNJH(NQLO
«. H :
X3 : :

HO,, :

R=-H, AA = Gly
R=-CH,, AA, = Sar

Compound

Strucuture
AA3-AA2>-AA1-RBT

m%ﬂigtﬁ:]g%f Dosing of rifabutin and monitoring of the remaining
rifabutin prodrug®

Time to achieve
50% of rifabutin
release (min)

% of rifabutin
release at 6 h

% of rifabutin
release at 6 h

% remaining of
prodrug at 6 h

11a Lys-Gly-Gly-RBT 6 6 N.D.c 3 +0.02
11b Gly-Gly-Sar-RBT 20 -d ] )
1llc Ser-Gly-Sar-RBT 24 - - -
11d Thr-Gly-Sar-RBT 17 - - -
1lle Asn-Gly-Sar-RBT 13 - - -

11f GIn-Gly-Sar-RBT 13 - - -
119 His-Gly-Sar-RBT 18 - - -
11h Orn-Gly-Sar-RBT 45 - - -

11i Lys-Gly-Sar-RBT 79 95+21 80+0.1 0.6 £0.06
17a Asp-Gly-Sar-RBT 11 - - -
17b Glu-Gly-Sar-RBT 7 - - -
2la Lys-Pro-Sar-RBT 0 - - -
21b Lys-Lys-Sar-RBT 25 - - -

a Experiments were performed in simplicate and the release of rifabutin was monitored by LC-MS.

b Experiments were performed in duplicate and the release of rifabutin and the remaining prodrug were

dosed by LC-MS/MS. The reaction proceeds according to first order kinetics.

¢ N.D.: not determined, since rifabutin release was only 6 %.

d“-*: Dosing of rifabutin and monitoring of the remaining prodrug were not performed since only a low release

of rifabutin was observed during the qualitative monitoring of rifabutin assay.



3.1.2. Type A phosphate and ester prodrugs

Together with amide prodrugs, the stability of type A phosphate and ester prodrugs was also
measured in human plasma (Table 3). A high release of rifabutin (95% and 78%) from the
phosphate prodrug 25 and the ester prodrug 29 was measured after 6h of incubation (Fig. S4 and
S5). This was further confirmed in a kinetic study, where the time to achieve 50% of rifabutin
release was respectively 290 and 281 min. However, after 6h, the conversion of 25 and 29 to
rifabutin was not complete which is attributed to the slower intramolecular cylization of the released
alcohol intermediate upon phosphate and ester cleavage, compared to the amino intermediate
(Fig. S7).

3.1.3. Type B Phosphate prodrugs
Self-immolative linkers (p-aminobenzylalcohol, PABA and “trimethyl lock”, TML) were also
introduced to bridge Gly-Sar-RBT with the phosphate group. Interestingly, an almost total
liberation of rifabutin was obtained at 6h (86 %) with 33 (Fig. S6). Prodrug 43 proved to be stable,
in contrast to some examples found in the literature. [39]

Table 3. Percentage of rifabutin release at 6h in a human plasma with type A and B phosphate prodrugs
(25, 33, 43) and type A ester prodrug (29).

Qualitative
monitoring of Dosing of rifabutin and monitoring of the remaining prodrug®
rifabutind
% of rifabutin Time to achieve 50% % remaining of
0,
Compound % of release at 6h release at 6h of rifabutin release (min) prodrug at 6 h
25 95 59+0.3 290+5.5 30+1.6
29 78 67¢ 281¢ 36°
33 90 86 +0.4 188 +5.6 9+1.4
43 9 -d - -

a Experiments were performed in simplicate and the release of rifabutin was monitored by LC-MS.

b Experiments were performed in duplicate and the release of rifabutin and the remaining prodrug were
dosed by LC-MS/MS.

¢ Only one of the two samples was analyzed.

d “.*: Dosing of rifabutin and monitoring of the remaining prodrug were not performed since only a low

release of rifabutin was observed during the qualitative monitoring of rifabutin assay.



3.2.Water solubility

Based on plasma stability results (Tables 2 and 3), the most promising prodrugs from each
category were selected: type A prodrugs 11i and 29, and type B prodrug 33. The solubility of these
prodrugs was assessed in PBS (pH 7.4). For basic prodrugs 11i and 29, the solubility was also
measured in aqueous HCI (26 mM).

Thanks to the presence of a primary amine, the prodrug 11i was highly soluble in PBS (>50
mg/mL) compared to rifabutin (0.2-0.9 mg/mL). The compound was also twice as soluble as
rifabutin in aqueous HCI (26 mM) (respectively 34.4 mg/ml and 17.7 mg/mL). Regarding 29, the
compound was as soluble as rifabutin, either in PBS (0.6 mg/mL) or in agueous HCI (26 mM) (12.2
mg/mL). The presence of an additional dimethylamino group in the structure of prodrug 29 was
not sufficient to improve its water solubility. The introduction of a phosphate group conferred also

to 33 an improved water solubility in PBS (4.5 mg/mL) compared to rifabutin.

Table 4. Solubility of prodrugs 11i, 29 and 33 in PBS (pH 7.4) and HCI (26 mM).

Solubility in PBS Solubility in HCI (26

Compound 117 4y (mg/mL) mM) (mg/mL)
Rifabutin 0.2-0.9 17.7

11 > 50 34.4

29 0.7 12.2

33 45 a

a Water solubility of phosphate prodrug 33 was not measured in acidic solution.

3.3.A. baumanni and S. aureus growth inhibition

Serum supplementation is required for hyperactivity of rifabutin against A. baumannii but also for
the cleavage of the prodrugs and release of rifabutin. Conversely, MIC of rifabutin against S.
aureus is not affected by the absence of serum supplementation in CAMHB.

Therefore, the antibacterial activity of prodrugs 11i, 29 and 33 were determined against S. aureus
in the growth medium CAMHB prior incubation with serum in order to verify that the uncleaved
prodrugs were not active by themselves, and after incubation to compare MICs with rifabutin

(Table 5). The prodrugs showed 64- to 2048-fold reduced potency compared to rifabutin when



tested without serum preincubation while they showed a 80- to 512-fold increased potency after
preincubation in serum, leading to similar activity as rifabutin.

Likewise, prodrugs 11i, 29 and 33 tested against A. baumannii in CAMHB supplemented with
human serum (HS) were able to quantitatively release rifabutin as the three solutions had similar
apparent MIC and inhibited the growth of A. baumannii in the same order of magnitude as rifabutin
(Table 5).

Altogether, these results confirm the strong serum/plasma-mediated release of rifabutin with these

prodrugs.

Table 5. MIC of prodrugs 11i, 29 and 33 against A. baumannii in CAMHB supplemented with human
serum (HS) and against S. aureus in CAMHB before or after 6 hours incubation in HS. Experiment was
performed in triplicate.

MIC on A. baumannii MIC on S. aureus in CAMHB

Compound iy CAMHB + 50% HS (hg/mL)
(ug/mL) without HS preincubation with 6h HS preincubation
Rifabutin 0.00025 0.016 0.03
11i 0.001 16 0.06
29 0.001 1 0.06
33 0.001 32 0.06

3.4.Mouse plasma stability

Before starting in vivo PK studies in mice, the stability of the prodrugs 11i, 29 and 33 in mouse
plasma was measured to assess any interspecies variability. [40,41]

Rifabutin release of respectively 74 %, 85 % and 100 % were determined for prodrugs 11i, 29 and
33 after 6 hours respectively (Fig. 4). Values were higher compared to those obtained in human
plasma stability assay for 29 and 33 (respectively 67 % and 86 %), which is line with the presence
of higher level of enzymes in mouse plasma. [42] Interestingly, the amide prodrug 11i was more

stable in mouse plasma than in human plasma (95 % of rifabutin release in the latter).
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Fig 4. Rifabutin release in mouse plasma from prodrugs 11i, 29 and 33. Experiment was performed in

duplicate.

The rifabutin release from the prodrugs is the result of two first order kinetics reactions. First, the
cleavage of the scissile bond generates the key nucleophilic intermediate and subsequently the

intramolecular cyclization from this intermediate triggers the release of rifabutin.

The sigmoidal release of RBT observed for prodrugs 11i and 33 suggests that the rate of the two
steps is equivalent. By fitting the data to a sum of exponentials, the rate constants k; of the
cleavage reaction and kz of the intramolecular cyclization have been determined. [43] As expected,
the two steps proceed with similar rates for both prodrugs (k; = 0.007 min** and kz = 0.011 min
for 11i; ki = k2 = 0.011 min! for 33). Conversely, the exponential release of rifabutin observed with
compound 29 suggests that the cyclization proceeds much slower than the enzymatic cleavage.
This is in line with the plasma stability experiments we performed where the amine intermediate
was not detectable after 6 h as opposed to the alcohol intermediate, indicating that the cyclization
rate was slower for the latter (Fig. S7).

3.5.Pharmacokinetic studies

The three prodrugs 11i, 29 and 33 were assessed in a pharmacokinetic study in female CD1 mice
alongside rifabutin. For each compound, the plasma concentration of rifabutin was monitored by
LC-MS/MS over 24 h, after IV bolus injection (Fig. 5A). The doses used for the three prodrugs 11i,
29 and 33, respectively 6.5 mg/kg, 6.5 mg/kg and 7.0 mg/kg, were chosen to be equimolar to a



dose of 5 mg/kg of rifabutin (assuming 100% release), a dose at which rifabutin was shown to be
active in an immunocompetent A. baumannii pneumonia infection mice model in contrast to
rifampicin. [7,44]. The basic compounds (11i, 29 and rifabutin) were formulated in 0.9 % NaCl with
26 mM HCI to optimize aqueous solubility, particularly for rifabutin, for wich 10 % DMSO was
added to also facilitate dissolution. The phosphate prodrug 33 was formulated in PBS (pH 7.4).
The chemical stability of the prodrugs was evaluated in the formulation media at room temperature
over 6h. The three compounds were confirmed to be stable, with a remaining percentage of
respectively 99 % + 0.8 %, 101 % * 0.7 % and 101 % + 0.6 % (Table S1).

A
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—— Rifabutin 5 mgikg
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—a— 33 7 mglkg
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Fig. 5. A) Rifabutin plasma concentration over time after IV injection of rifabutin and prodrugs 11i, 29 and
33 in female CD1 mice. Experiment was performed in duplicate B) Structures of prodrugs 11i, 29 and 33.

For the three prodrugs, the maximum blood concentration of released rifabutin was reached after
5 min (Table 6). The phosphate prodrug 33 showed a Cmax= 2.7 pg/mL slightly higher than the
initial concentration of rifabutin (Co = 2.2 pg/mL). The release of rifabutin from prodrug 29 was
lower by a factor 2 with a Cmax= 1.1 pg/mL. Finally, the prodrug 11i showed a low release of
rifabutin with a Cmax = 0.3 pg/mL. The same tendency was observed for exposure with 1V
administration of the prodrugs 33 and 29 leading to AUCoy. of 8.2 pg.h/mL and 6.7 pg.h/mL, which

is equivalent to that of rifabutin (AUCo.. = 6.6 pug.h/mL), while exposure of rifabutin from 11i was

lower (1.0 pg.h/mL).



The two prodrugs 29 and 33 have a pharmacokinetic profile almost identical to rifabutin, indicating
a fast release of rifabutin in vivo. This was not the case with 11i, which seems more stable in vivo

than in vitro (Fig. 4) and/or could have a clearance faster than the liberation of rifabutin.

Table 6. Pharmacokinetic parameters for prodrugs 11i, 29 and 33 in female CD1 mice.

PK parameters Rifabutin (5 mg/kg) 11i (6.5 mg/kg) 29 (6.5 mg/kg) 33 (7.0 mg/kg)

Co?0r Cmax? (Mg/mL) 2.2 0.3 1.1 2.7
tmax® () f 0.083 0.083 0.083
tu229 (h) 3.4 10.7 3.0 2.9

AUCo--¢ (ug.h/mL) 6.6 1.0 6.7 8.2

2 Co: initial calculated concentration of rifabutin

b Cmax: maximum blood concentration of rifabutin

¢ tmax: time when the blood concentration of rifabutin is maximum

dt1/2.: terminal elimination half-life

e AUCo--: area under the concentration-time curve extrapolated to infinity

ftmax Of rifabutin corresponds to to

3. Conclusion

Rifabutin has recently been shown to have potent in vitro and in vivo activity against A. baumannii
[7,43,44]. Given its limited oral bioavailability and low solubility, the development of water-soluble
prodrugs of rifabutin would allow its intravenous administration at higher doses, which could result
in increased AUC compared to oral administration at the same dose. This increased exposure
would positively influence the AUC/MIC-dependent killing power of rifabutin, leading to increased
efficacy. We therefore worked on the synthesis, physicochemical evaluation and in vitro stability
study of rifabutin prodrugs, differing in the nature of the chemical bond (amide, phosphoester or
ester) cleaved by plasma enzymes and incorporating or not self-immolating linkers.

In total, 17 prodrugs were synthesized. Evaluation of their stability in human plasma showed that
the tripeptide prodrug 11i, the ester prodrug 29 and the phosphate prodrug 33 were the most
effective in releasing rifabutin rapidly. Compound 11i showed the highest release of rifabutin over
6 h in human plasma, with half the drug released after 80 min. The prodrugs were also tested
against A. baumannii in the presence of human serum. All three prodrugs showed potent activity

comparable to that of rifabutin, indicating quantitative drug release under microbiological



conditions. With regard to water solubility, the presence of a lysine in the structure of 11i improved
solubility in PBS and in agueous HCI solutions. The phosphate prodrug 33 was also more soluble
than rifabutin in PBS. However, despite the introduction of a basic dimethylglycine, fully protonated
at physiological pH, the solubility of prodrug 29 remained in the same range as rifabutin. We also
showed that all three compounds were stable in the formulation medium used for the
pharmacokinetic studies. Analyses of mouse plasma samples after intravenous injection indicated
a rapid and complete conversion of prodrugs 29 and 33 to rifabutin in blood, which was consistent
with the in vitro conversion in mouse plasma. We also found that the pharmacokinetic parameters
(AUC and Cmax) of rifabutin released from prodrugs 29 and 33 were similar to those of the drug
based on an equimolar dosage. For prodrug 11i, the total exposure of rifabutin released was lower,
confirming the higher stability observed in vitro in mouse plasma with this prodrug.

Based on water solubility and in vitro stability in human plasma, 11i appears to be the most
promising prodrug. In pharmacokinetic studies in mice, compound 33 showed the best prodrug
profile for the development of an intravenous formulation of rifabutin. Prodrugs of rifabutin are a
promising approach to improve the solubility of rifabutin and increase the therapeutic options of
this drug. The identification of the enzyme(s) responsible for the cleavage of these prodrugs is

under investigation.

4. Materials and Methods

Experiments with replicates were not independent except the procedure for MIC determination.

4.1.Chemistry

Reagents and solvents for synthesis, analysis or purification were purchased from commercial
suppliers and used without further purification. Progress of all reactions was routinely monitored
by thin layer chromatography (TLC) and/or by High Performance Liquid Chromatography - Mass
Spectrometry (HPLC-MS). TLC was performed using Merck® commercial aluminum sheets
coated with silica gel 60 F254. Visualization was achieved by fluorescence quenching under UV
light at 254 nm or stained by potassium permanganate. Purifications were performed by flash
chromatography, reverse chromatography or preparative HPLC. Flash chromatography
purifications were done on prepacked columns Reveleris® flash cartridges (40 ym, Blchi®
FlashPure or 15-40 pM, Macherey-Nagel® Chromabond) under pressure with an Interchim
Puriflash® 430 instrument. Products were detected by UV absorption at 254 nm and by ELSD.
Reverse chromatography were done using Combiflash® C18 Rf200 on 49, 12 g, 24 gor 40 g C18

column. Products were detected by UV absorption at 215 nm and 254 nm. Preparative HPLC were



performed using Varian® ProStar system with an Omnisphere 10 um C18 column (250 mm x 41.4
mm) Dynamax from Varian, Inc. Mobile phase was a mixture of H,O (0.1 % of formic acid) and
CHsCN (0.1% of formic acid) and the flow rate was 80 mL/min. Products were detected by UV
absorption at 215 nm and/or 254 nm. HPLC-MS analysis was performed on LC-MS Waters
Alliance Micromass ZQ 2000 system equipped with a Waters 2747 sample manager, a Waters
2695 separations module, a Waters 2996 photodiode array detector (210-400 nm at a 1.2 nm
resolution) and a Waters Micromass ZQ2000 detector (scan 100-800). XBridge C18 column (3.5
Mm particle size, dimensions 50 mm x 4.6 mm) was used for HPLC analysis. The injection volume
was 20 L. For a 5 min analysis, the elution was done at pH 3.8 from 100% H>0/0.1% ammonium
formate to 2% H>0/98% CHsCN/0.1% ammonium formate over 3.5 min. A flow rate at 2 mL/min
was used. For a 30 min analysis, the elution was done at pH 3.8 from 100% H»0/0.1% ammonium
formate to 2% H»0/98% CH3;CN/0.1% ammonium formate over 7 min. A flow rate at 1 mL/min was
used. Purity (%) was determined by reversed phase HPLC, using UV detection (215 and 254 nm)..
HRMS analysis were performed on a LCT Premier XE Micromass, using a C18 X-Bridge 3.5 ym
particle size column, dimensions 50 mm * 4.6 mm. A gradient starting from 98% H>O 5 mM
ammonium formate pH=3.8 and reaching 100% CH3zCN 5 mM ammonium formate pH=3.8 within
3 min at a flow rate of 1 mL/min was used. NMR spectra were recorded on a Bruker® Avance-
300 spectrometer or Bruker® Avance-500 spectrometer. The results were calibrated to signals
from the solvent as an internal reference [e.g. 7.26 (residual CDCls) and 77.16 (CDCls) ppm, 2.50
(residual DMSO-ds) and 39.52 (DMSO-ds) ppm for 1H and 33C NMR spectra, respectively].
Chemical shifts (8) are in parts per million (ppm) downfield from tetramethylsilane (TMS). The
assignments were made using one-dimensional (1D) 1H and 13C spectra and two-dimensional
(2D) HSQC-DEPT, COSY and HMBC spectra. NMR coupling constants (J) are reported in Hertz
(Hz), and splitting patterns are indicated as follows: s (singlet), brs (broad singlet), d (doublet), dd
(doublet of doublet), ddd (double of doublet of doublet), dt (doublet of triplet), t (triplet), td (triplet
of doublet), g (quartet), m (multiplet).

4.2.Procedure for stability in human plasma studies
4.2.1. Experience in singlicate: monitoring of rifabutin release

Human plasma was obtained from BiolVT (mix gender, lithium heparin, BRH1407403). A solution
of 10 mM of the tested compounds and rifabutin was prepared in MeOH, then was diluted 100
times with 400 pL of plasma which had been pre-incubated for 10 minutes at 37 °C. The samples
were shaken with a ThermoMixer at 37 °C. The plasma was sampled att = 0 and t = 6 h, then

was diluted 10 times with cold acetonitrile to precipitate the plasma proteins. After centrifugation



at 12 000 rpm at 4 °C for 10 min, the supernatant was recovered and was analyzed by HPLC-MS
(full-scan analysis). The AUC of the signal of rifabutin, at m/z [M+H]* = 847, was determined for
the rifabutin sample as well as the tested prodrugs. The percentage release of rifabutin was
calculated by doing the ratio between the AUC signal of the rifabutin released by the prodrugs,

and the AUC signal of the rifabutin sample.

4.2.2. Experience in duplicate: dosing of rifabutin release and monitoring of
prodrugs cleavage

Experiment was performed in duplicate but were not independent. Human plasma was obtained
from BiolVT (mix gender, lithium heparin, HMN490326). A solution of 10 mM of the tested
compounds and the reference (eucatropine) [45] was prepared in DMSO, then was diluted 1000
times with plasma which had been pre-incubated for 10 minutes at 37 °C. Each sample was
prepared in duplicate. The samples were shaken with a ThermoMixer at 37 °C. at selected time
(0, 0.25, 0.5, 1, 2, 4 and 6 h), then was diluted 10 times with cold acetonitrile to precipitate the
plasma proteins. After centrifugation at 12 000 rpm at 4 °C for 10 min, the supernatant was
recovered and was analyzed by UPLC-MS/MS (MRM, parameters bellow). Release of rifabutin
was dosed, by quantifying the molecule form a calibration curve. The tested prodrugs and the
intermediates were monitored. The experience was validated using eucatropine as reference.

UPLC-MS/MS informations: analysis were performed on Acquity | Class-Xevo TQD with a Waters
Acquity BEH C18 column (1.7 pum particle size, dimensions 50 mm x 2.1 mm) (40 °C). The injection
volume was 1 yL. For a 5 min analysis, the elution was done at pH 3.8 from 100% H->0/0.1%
ammonium formate to 2% H>0/98% CH3CN/0.1% ammonium formate over 2 min. A flow rate at
600 pL/min was used. No internal standard was used. Concerning mass spectroscopy, following
parameters were applied: source temperature of 150 °C, desolvatation temperature of 600 °C,
acone gas flow of 50 L/h, desolvatation gaz flow of 1200 L/h, capillary voltage of 0,5 kV. For
detection of the compounds by ES+ mode, following mass transitions were used: 847.473 >
815.444 (rifabutin), 552.532 > 84.177 (11i), 531.468 > 57.956 (29), 1205.346 > 1173.516 (33).

4.3.Procedure for water solubility measurement

The experiment was performed in singlicate. Solution of the tested compounds were prepared at
10 mg/mL or 50 mg/mL in extradry DMSO. Theoretical solutions of the test compounds were
prepared in PBS pH=7.4 or HCI 0.026M at 10 mg/mL (29 and rifabutin in PBS pH=7.4) or 50
mg/mL (11i, 29 and rifabutin in HCI 0.026M, 33 in PBS pH=7.4). Samples were vigorously vortexed



then were shaken at 35 rpm with an intelli-mixer over 24 h at RT. After centrifugation at 12 000
rpm at RT for 10 min, the supernatant was recovered and was filtered. 20 pL were collected then
were diluted 2000 times with CH3CN. The samples were analyzed by UPLC-MS/MS (MRM
detection, same parameters than for part 4.2.2 except injection volume: 0.2 L for prodrugs and 2

pL of rifabutin quantification). Solubility was calculated as follows:
S= AUCA/AUCB xC

Where S = water-solubility (mg/mL), AUCa = AUC of the signal of the tested compound in HCI
0.026M or PBS 7.4, AUCs = AUC of the signal of the tested compound in DMSO, C = theoretical

maximum concentration (mg/mL).

4.4.Procedure for MIC determination

Experience was performed as three independent replicates. The extensively drug resistant
HUMCI1 strain was used to determine MIC against A. baumannii, while the USA300 UAMS-1625
strain was used for MIC against S. aureus. MICs were determined using broth the microdilution
method following the CLSI guidelines. Briefly, from an overnight culture plate, cells were
resuspended in 0.9% (w/v) saline solution and bacterial inoculum was prepared in the respective
testing medium with 5x10°> CFU/mL. The appropriate volumes of a 10 mg/mL compound solution
were directly dispensed in the 96-well assay plate using a digital dispenser to create 2-fold dilution
series from 32 pg/mL final concentration. 100 uL of bacterial suspension was finally added to the
compounds. Plates were covered and incubated without shaking at 35 °C for 20 hours. MIC was
determined visually as the lowest concentration of a compound that prevents visible growth of the
bacteria.

As specified in the text, MIC against A. baumannii were performed in the Roswell Park Memorial
Institute (RPMI) (Sigma, #R8758) medium supplemented with 10% (v/v) of fetal calf serum (FCS)
(Gibco, #10500-064) or in cation-adjusted Muller Hinton broth (CAMHB) (BD, #212322)
supplemented with 50% (v/v) human serum (HS) (SeraCare, #1830-0002). For MIC against S.
aureus after HS preincubation, a 10-fold concentrated drug solution of the top concentration tested
(32 pg/ml) was preincubated in 100% HS for 6 hours. This solution was then used to manually do
the 2-fold dilution series at 10 pl final in the 96-well assay plate and 90 pul of bacteria suspension
were added to the compounds. The plate incubation and MIC reading were performed as

described above.



4.5.Procedure for stability studies in mouse plasma: monitoring of rifabutin release

Experiment was performed in duplicate but were not independent. Female mouse plasma was
obtained from BiolVT (lithium heparin, MSE416139). A solution of 10 mM of the tested compounds
and rifabutin was prepared in MeOH, then was diluted 100 times with 400 pL of plasma which had
been pre-incubated for 10 minutes at 37 °C. The samples were shaken with a ThermoMixer at 37
°C. The plasma was sampled at selected time (0, 0.25, 0.5, 1, 2, 4 and 6 h), then was diluted 10
times with cold acetonitrile to precipitate the plasma proteins. After centrifugation at 12 000 rpm
at 4 °C for 10 min, the supernatant was recovered and was analyzed by HPLC-MS (full-scan
analysis). The AUC of the signal of rifabutin, at m/z [M+H]* = 847, was determined for the rifabutin
sample as well as the tested prodrugs. The percentage release of rifabutin was calculated by
doing the ratio between the mean AUC signal of the rifabutin released by the prodrugs, and the
mean AUC signal of the rifabutin sample.

4.6.Procedure for chemical stability measurement in PBS pH 7.4 or aqueous HCI 26
mM

Experiment was performed in duplicate but were not independent. A solution of 50 mg/mL of the
tested compound in extradry DMSO was diluted 100 times with PBS 7.4 or aqueous HCI 0.026M
to obtain a solution at 0.5 mg/mL. The samples were vortexed then 50 pL was collected and diluted
with 450 pL of CH3CN (for 11i and 29) or MeOH (for 33). After centrifugation at 12 000 rpm at RT
for 10 min, the supernatant was recovered and analyzed. The samples were shaken at 35 rpm
with an intelli-mixer over 6 h at RT. 50 pL was collected and the same treatment was performed
as for t = 0. The samples were analyzed by UPLC-MS/MS (MRM detection, same parameters
than for part 4.2.2 except injection volume of 0.2 uL). The remaining percentage was calculated
by doing the ratio between the mean AUC signal of the prodrugs att = 6 h, and the mean AUC
signal of the prodrug att = 0.

4.7.Procedure for the in vivo pharmacokinetic study

Female CD-1 (RjOrl:SWISS) mice (8 weeks old at delivery) were purchased from Janvier Labs,
France. The animals were housed in groups in a separate temperature-controlled room (20 to
24°C), with humidity 45 to 65%, and maintained in a 12h light/12h dark cycle. Ventilation was
maintained at 15 air changes per hour. Animals were fed ad libitum (Altromin international,

1324TPF) before and during the study. Drinking water was freely available.



All experimental procedures were approved by and conducted in accordance with the regulations
of the local Animal Welfare authorities (Landesamt flr Gesundheit und Verbraucherschutz,

Abteilung Lebensmittel- und Veterindrwesen, Saarbriicken).

Formulations of rifabutin (5 mL/kg, 5mg/kg in 10 % DMSO/90 % NacCl 0.9 % with 26 mM HCI) and
prodrugs (5 mL/kg; 11i, 6.5 mg/kg in NaCl 0.9% with 26 mM HCI, 29, 6.5 mg/kg in NaCl 0.9% with
26 mM HCI; 34, 7 mg/kg in PBS, pH 7.4) were administered intravenously in one of the lateral tail
vein of female CD-1 mice (9 mice per administered compound). At each of the designated time
points (5, 15, 30 min, 1, 2, 4, 8, 12, 24 h), a volume of 100 pL blood was obtained by puncture of
the retrobulbar venous plexus into tubes containing Li-Heparin. The samples were stored on ice
and subsequently centrifuged at 4500 g for 10 minutes at 4°C. Plasma was harvested and kept at
-20°C until processed for bioanalysis. A volume of of 20 pL of each sample was spiked with 2.4
pL of DMSO, then 40 pL of internal standard (griseofulvin, 600 ng/mL in CH3CN) was added. After
centrifugation for 10 min et 8 000 rpm, an aliquot of 50 pL of the supernatant was diluted with 50
uL of fresh water then was analyzed by LC-MS/MS. Release of rifabutin from the samples was
dosed, by quantifying the molecule form a calibration curve.

LC-MS/MS informations: analysis were performed on Surveyor MS Plus HPLC system and TSQ
Quantum Discovery Max triple quadrupole mass spectrometer equipped with an electrospray
(ES)) interface with Kinetex Phenyl-Hexyl, 2.6 um, 50x2.1 mm (Phenomenex, Germany) analytical
column. For a 2. min analysis, the elution was done from 95 % H>0/5% CH3CN/0.1% formic acid
to 5 % H»0/95 % CH3CN/0.1% formic acid over 1.7 min. A flow rate at 600 pL/min was used.
Griseofulvin was used as internal standard. Full scan mass spectra were acquired in the positive
mode using syringe pump infusion to identify the protonated quasimolecular ions [M+H]+ . Auto-
tuning was carried out for maximising ion abundance followed by the identification of characteristic
fragment ions using a generic parameter set: ion-transfer-capillary temperature 350°C, capillary
voltage 3.8 kV, collision gas 0.8 mbar argon, sheath gas, ion sweep gas and auxiliary gas pressure
were 20, 2 and 8 (arbitrary units), respectively. lons with the highest S/N ratio were used to quantify
the item in the selected reaction monitoring mode (SRM) and as qualifier, respectively. Monitoring
ion was 815.3/755.3 for rifabutin and 215.0 for griseofulvin.
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