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0.06 Prevotefla spp 0.125 15Thus, sul ope i active against a
broad range of pathogens, including hospit t hogens that are
resi stant to cephal osporins and tl uoroqui n®l gues. The spectrum
supports its broad use in the hospital where the infecting pathogen
is identified and the susceptibility to sulopenemis confirned. This
woul d i ncl ude aThsrRsetigs ¢fdhe prsisent isvepiion aay ba/amomibpusr mayeyistas dliferent giveta fforms or
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as part Of 18 pRprd B criGtafiRtnBRA pddHEy or e pRerk eRdh!URILS vaRbiR cSMBIRRC PBGmorphs
5  may also be obtained by heating or melting a prodrug followed by gradual or fast cooling. The presence of
polymorphs may be determined by solid probe NMR spectroscopy, IR speciroscopy, differential scanning
calorimetry, powder X-ray diffraction or other such techniques. Thus, a recitation of a compound per se is
open to its polymorphs, including water or solvent molecules associated therewith. '

10 PREPARATION
The prodrugs of the present invention can be prepared, e.g., from the free acid of sulopenem
according to known methods such as those disclosed herein or in US3951954; US4234579; US4287161;
US4452796; US4342603; US4348264; US4416891; US4457924; and US5013729, all of which are
incarporated by reference herein in their entireties.

15
USE .

Prodrugs of this invention may be used to treat a variety of hospital and community acquired
infections such as respiratory tract, surgical, central! nervous sysiem, gastrointestinal, genitourinary,.
gynecological, skin & soft tissue, and ocular infections and community acquired pneumonia in humans.

20 The antibacterial activity of the prodrugs may be advantageously exploited for preventive use as well.
Oral administration is preferred. Biological activily data are given below.

The minimum amount of prodrug administered is a minimum therapeutically effective amount.
The maximum amount of prodrug administered is that amount which is toxiwlogiélly acceptable. In
some embodiments, the amount of sulopenem prodrug administered is that which will maintain the

25 plasma antibiotic concentration of sulopenem above the {90% minimum inhibitory concentration) MICg,s
{e.g., about 0.5 yg/mL or about 1 pg/mL) of the infecting pathogens for at least about 30% (e.g., at least
about 3.6 hours for BID (2xlda59 dosing or 2.4 hours for TID (3x/day)) of the interval between doses. In
some embodiments, the blood level is mainfained at or above the farget level for at least about 40% (e.g.,
at least about 4.8 hours for BID or 3.2 hours for TID) of the dosing interval.

30 In general, a daily dose of the sulopenem prodrug for adults may be about 500 mgA (milligrams
sulopenem equivalent) to about 6 gA, or about 1 gA to about 5 gA. A regimen of the sulopenem prodrug
for adults may be about 500 mgA to about 1500 mgA administered twice a day in about 12 hour intervals.
A regimen may be administered over a period of about one week to about two weeks. For certain
infections, it may be necessary or desirable to use dosages outside these parameters.

35 A daily dosage of the prodrug of the present invention can usually be administered from 1 10 4
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Sulopenem is active against a broad range of pathogens, including hospital pathogens.

includes potent activity against members of the Enferobacieriaceae expressing extended-spectrum B-

5  lactamases that confer resistance to cephalosporins (K. pneumoniae, ESBL+). In addition, many of these
isolates are also resistant to flucroquinolones. Sulopenem is highly active against many clinically relevant

species of anaerobes.

The in vitro activity of sulopenerﬁ (the parent acid (5R,65)}6-[(1R)-1-hydroxyethyl]-7-0x0-3-

[[{1R,3S}-tetrahydro-1-oxido-3-thienyllthio]-4-thia-1-azabicycdo[3.2.0)hept-2-ene-2-carboxylic

10  evaluated against pathogens involved in community and hospital infections, as summarized in Table 1.

Table 1. MIC;, Values ml) for Sulopanem
Staphylococeus aureus oxacillin-S 0.125
Staphylococcus saprophylicus 0.5
Alloigcoccus otitidis . 1
Sireptococcus pyogenes {Group A) 0.03
Streptococcus agalactiae (Group B) 0.125
Streptococcus bovis (Group D) 0.06
Viridans Sineptococcus group 0.25

. | Streptococeus pneumoniae penicillin-susceptible [0.03
Streptococcus pneumoniae penidillin-intermediate | 0.25
Strepiococcus pneumoniae penicillin-resistant 1
Streptococcus pneumoniae levofloxacin-resistant | 0.5
Listeria monocylogenes 0.125
Corynebacterium spp (not C. jeikeium) 2
Citrobacter diversus 0.06
Citrobacter freundii 0.25
Enterobactér asrogenes : 0.5
Enterobacter cloacae 1
Escherichia coli 0.06
Klabsiella oxytoca 0.125
Klebsiglla pneumoniae 0.125
Klebsiella pneumoniae ESBL+ 0.25
Morganelia morganil 2
Proteus mirabilis 0.5
Salmonella/Shigelia. 0.125
Haemophilus influenzae p-lactamase-. 0.25
Haemophilus influenzae p-lactamase+ 0.5
Moraxella catarrhalis 8-lactamase- 0.03
Moraxella catarrhalis B-lactamase+ 0.125
| Legionella pneumophila 0.05
Neisseria meningifides 0.08
Baclernides fragilis 0.5

_ | Clostridium perfringens 0.06
Provotella spp 0.125

15 Thus, sulopenem is active against a broad range of pathogens, including hospital pathogens that

are resistant to cephalosperins and flucroquinolones. The spectrum supports its broad use in the hospital

where the infecting pathogen is identified and the susceptibility to sulopenem is confirned. This would

include a broad list of respiratory indications and surgical indications where mixed flora would likely be

involved, particutarly as part of a multidrug regimen when mixed infections are suspected.
20
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Compounds were profiled for oral efficacy in three different in vivo infection models. The bacterial
pathogens used fo establish each infection were chosen based on their resistance profiles and abilities to
cause infection in models relevant to human disease. The Kiebsielfa pneumoniae isolates 1109 and 6485
are from a collection of recent clinical isolates of extsnded-spectrum B-lactamase-positive (ESBL") strains
and have elevated MICs to ciprofioxacin and ceftazidime as well as fo other B-lactam anfibiofics. Both
isolate5 have demonstrated the ability o cause a lethal systemic infection in mice. Strepiococcus
pneumoniae 1095 is a penicillin-tolerant, macrolide-resistant strain that is pathogenic in murine syShemic and
respiratory tract infection models. The Haemophilus influenzae strain Rd/AH5-3 was derived from laboratory
strain Rd, a directed point mutation in PBP3 renders this p-lactamase negative strain ampicillin resistant
(BLNAR). This strain is capable of causing ofitis media in a Mongolian gerbil model of the disease. The
results are summarized in Table 2 below. ‘

Murine_acute systemic infection_model: . For this model, CF-1 mice were infected via an
intraperitoneal injection of a lethat inoculum of either K. pneumoniae 11‘09, 6485, or S. pneumoniae 1095.

Four dose groups consisting of eight to ten mice per group were infected and treated, to cover a wide range
of dose levels. Mice were administéred BID therapy at either 30 minutesffour hours post-infection, or at
oneffive hours post-infection; the PDg (the dose at which 50% of infected, treated mice survive) was
calculated based on the numbers of surviving animals on day four post-infection.

Murine respiratory tract infection model: This model was initiated with an intranasal inoculation of a
lethal challenge of 8. pneumoniae 1035, resulting in pneumbnié. Four dose groups consisting of eight to ten
mice per group were infected and freated, to cover a wide range of dose levels. BID therapy was initiated
eighteen hours post-infection and continued for two days. The number of mice surviving at each dose group
on day ten post-infection was used to determine the PDs;.

Gerbil ofitis media model: To establish ofitis media, Mongolian gerbils were infected via intrabulla
inoculation with a BLNAR strain of H. influenzas. Four dose groups consisting of five gerbils per group were
infected and treated, to cover a wide rénge of dose levels. TID therapy was initiated eighteen hours post-
infection and continued for two days. On day four post-infection, animals were euthanized, middle ear fluid
washes were collected, and bacterial numbers contained therein were determined. EDgys were calculated
based on bacterial levels; middle ear fluid wash samples with counts lower than 100 colony-i‘orming units/mil
were considered cleared.

Data were collected for the compounds of Compounds 1 and 2; for Compound A {drawn below);
and for Compound B1; which is the pivaloyloxymethyl ester (POM-ester) of sulopenem ((1R,3S) oxothiolane
stereochemistry) drawn below. Compound B2 is the diastereomeric mixture (drawn below).

Compound A:

OH

/S/ig/ S"Cl'\;

By

]

o



- - Gerbil Oitis nmedia vs. H influenza BLNAR (ED) 8.7 (8. 4-
90) 5.7 PS' 7.7) 6.9 (4.4-9.4) 12.6 (6.8- 18.3) " 4.5 (4.4 - 4.6)
12.6 (6. 8-wbRo@yooB17 (8.4.9.0) 5.7 (5.6 _ 5.7) PRODRUGELIBXNGALIS43
PHARMACOKI NETI CS Clinical pharmacokinetic (PK data from
heal t hy hurf@#5fBht eers for the sul openem prodrug conpounds of
Compound 1, npound B2 (data from Foulds et al.), and Conpound A are
sunmari zed im:=4abl e/3, bel ow. Conpound B2 is a diastereoneric
m xture of whj L ereomer configured (1R 3S). at the
oxot hi ol anyl nhoi i s Compound Bl (see drawi ngs above). Cinical
data is not avaid’ablg for prodrug Conpound 2. For Compound 1
and Conpound A, siXx %\:iﬁn ect rece Wed doses in an escal ating fashion.
Whol e bl ood sanpl es e obtained prior to dosing and at 0.5, 1, 2,
3, 4, 6, 8, and 12 hours post dose and 10 processed for plasma. Serum
and plasm W§82.ere then quantified for sul openem concentrations
using validated HPLC nethods. Jmax data for Conpound A is given as a
medi an and a°r'aqge Wal of ten subjects were adm nistered
si ngl e dos : : % &t al., above. Bl ood sanples
wer e obt ai ned Q3 ng t 0.98s%0.17, 0.33, 0.5, 1, 1.5,
2, 3, 4, 6, hours and prfoces for serum foll ow ng oral
admi ni stration ound B2 at 500 qui val ent of 15 sul openem
parent conpound (fifeysubjects) and 10 equi val ent of sul openem
parent agpnpound (fiveé spubjects). Foulds et al. also estimtes the
contributions to the PK fromthe 1R, 35 (Conpound Bl) and 1S, 3R

di astereoners present in Q B2.. Tab 3. j ni ¢a
Phar macoki neti cs_of COWDOUM%M E Mg&m‘w il A Oal
Prodrug Dose (ng) Dose Sub equi \. Zéngdza gn "nL) Trmak (hr)_ AUQ ut
(hr-ng/nL) tia|(hr) ciépdels 400 ZoXof 414§Pd Cpd. A Cpd. B1
Murine
Acute systemic infection vs. | 25.1(13.6 | 12.5 (12.4- 10.1 (3.8-16.4) 38.2(27.7-
K. pneumoniae 1109 —36.8) 12.8) I 48.7)
(PDgg)
.iﬂ 90(87- [162(158- 1 .. ©9.0-216) 114 (113 -
9.3) 16.6) - ASe 11.5)
Murine -
Acute systemic infection vs. | 88.6 (87.8 | 88.3 (68.5- | 40.7 (29.1- 100
K pneumoniae 6485 —89.4) 108.2) 52.3)
(FDal (21- 1327 (23.7
" 634 {2.1- | 32.7 (23.7- _
124.6) 41.7) >100
. 63.4 (58.5- ) ]
3 68.3)
Murine . _
Acute systemic infectionvs. | 125(124 | 78(7.3- g _
S. pneumoniae 1095 —12.8) 8.5) 90(87-9.3) [ 79(7.3-85)
(Pl 63(15 63 (34
- 1.49) “a.1) 15.3 (9.0-21.6) | 4.3 (4.2 - 4.5)
» 11.0 (8.6-
- 13.5) 9.0(8.7-9.3)
Murine
Respiratory tract infection | 16.4 (98— | 19.7 (18.2- | .o (0-386) 49.9 (34.7 -
vs. S. pneumoniae 1095 23.0) 21.2) ) . 65.2)
{PDsgp)
v 12.5(56— | 38.5(37.7- 18.1(1.4~
10.4) 39.3) 20.8 (8.7-50.1) 34.9)




1.17 t0.93 3455 *670 0.85 *0.16 600 438 1508 340 1.33 0.82 3914 514
0.76 *0.096 " 1000 730 2860 *570 0.83 10.41 6421 *1208 1.00 *0.17 "
2000 1460 w6Géusbdigd 1.33 10.82 13131 *2101 1.10 *0. 62 pohB2d2/001843
(Foulds at al.) 273 205 1180 *280 NC 2260 *440 NC " 544 409 1790490 "

1000

NC 4190 *730 NG Cpu—A-300— 196755303 T 00 575 818 T4R3 NG
15.0) - - 20.9)
Gerbi
Otitis media vs. H. 87(84- | 57036 12,6 (6.8 —
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PRODRUG CLINICAIL PHARMACOKINETICS

Clinical pharmacokinetic (PK) data from healthy human volunteers for the sulopenem prodrug
compounds of Compound 1, Compound B2 (data from Foulds et al.), and Compound A are summarized
in Table 3, below. Compound B2 is a diastereomernic mixture of which the diastereomer configured
{1 R.3S)' at the oxothiolanyl moiety is Compound B1 {see drawings above). Clinical data is not available
for prodrug Compound 2.

For Compound 1 and Compound A, six subject received doses in an escalating fashion. Whole
blood samples were obtained prior to dosing and at 0.5, 1, 2, 3, 4, 6, 8, and 12 hours post dose and
processed for plasma. Serum and plasma samples were then quantified for sulopenem concentrations
using validated HPLC methods. Tmax data for Compound A is given as a median and a range.

A total of ten subjects were administered single doses of Compound B2. See Foulds et al.,
above. Blood samples were obtained prior to dosing and at 0.08, 0.17, 0.33,0.5,1, 15,2, 3,4,6,and 8
hours and processed for serum following oral administration of Compound B2 at 500 mg equivalent of
sulopenem parent compound (five subjects) and 1000 mg equivalent of sulopenem parent oompound (five
subjects). Foulds et al. also estimates the contributions to the PK from the 1R,3S8 (Compound B1) and
18,3R diastereomers present in Compound B2.

Table 3. Clinical Pharmacokinetics of Compound 1, CGmm. nd B2, and Compound A ‘

Dose .
Dose Sulo Cmax Tmax AUC tin
OralProdrug | mg) | equiv. | (ngimL) (h1) (hr-ng/mL) (hn)
{mg)
Cpd. 1 400 202 1464 442 | 117 £0.93 | 3455 2670 | 0.85 10.16
- 500 438 | 1508 2340 | 1.33 20.82 | 3014 1514 | 0.76 0.096
- 1000 730 | 2860 £570 | 0.83 2041 | 6421 1208 | 1.00 20.17
- 2000 1460 | 4667 £1181 | 1.33 20.82 | 13131 £2101 | 1.10 10.62
Cpd. B2 }
(Fouldsetal) | 2'° 205 | 1180 2280 NC 2260 3440 NC
. 544 409 | 17902490 | NC
4190 £730 NG
Cpd. A 300 1% 715 303 | 10 (05-15) | 818 +480 NC
- 1000 65¢ | 1380 2372 | 0.5 (0.5-10) | 2350 642 | 1.11 0.21
- 1000fed | 654fed | 1130 300 | 1.0 (0.53.0) | 3900 535 NG
- 3000 "1960 | 2260 335 | 1.0 (0.5-1.5) | 518021500 | 1.59 0.80

The exposure to sulopénem following oral administration of Compound B2 was expressed as
fraction absorbed by comparison to intravenous AUCs within the same study {Table 4, Foulds et al.) The
fraction absorbed ranged from 38.5 to 33.5% for Compound B2 at sulopenem equivalent doses of 205 to
409 mg. Using the same intravenous data in Table 4 of Foulds et al., a fraction absorbed of 37.1 and
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HJ dint (mMimn) (av9) solubility (pg/nm) 1 100 11.7 *3.8 (17.9
lot 2) 91 0.07 1209 2 76 19.1 105 0.13 2900 ."Me. A 100 3.9
1.1 (6.3 |wbD28)8/806320. 38 136 M WO PCT/IB2007/001843
2008/ 001212%%@“%%3%97/ 001843 Cpd. Structure sa % Cony. (avg)

10

15

20

25

Time %A _ %B
0 min 5
25 min 95 5
5
5

27 min
30 min

Melting Point
Melting points were determined on a MEL-TEMP 3.0 capillary melting point apparatus and are -

uncomected.

Quantitation of Prodrug

Quenched samples from these in vitro experiments were quantified using LC/MS/MS. Separation
was achieved on a Phenomonex Primesphere C18-HC column (5 pm, 30 x 2.0 mm) using a binary gradient
made up of Solvent A (95% water / 5% acetonitrile / 0.1% acetic acid) and Solvent B (5% water / 95%
acetonitrile / 0.1% acetic acid). The injection volume was 20 pl. The column was equilibrated and the
gradient initiated with 100% A at a flow rate of 1000 pL/min. The gradient was ramped to 100% B within 0.4
min., and then back to 100% A by 0.9 min. Ampicilin was used as an intemnal standard (5 pg/mL). The
effluent was analyzed by a mass spectromster detector (Sciex APl 3000) fitted with a turbo ion spray
interface and operated in positive ion mode with a declustering potential of 10V, temperature of 400 °C and
collision energy of 25V. All prodrugs, sulopenem, and ampicillin, were monitored by MRM transitions of the
protonated parent mass {o a major fragment ion in the collision induced dissoclation spectra. The typical
dynamic range of the assay ranged from 10.0 to 10,000 ng/mL.

Table 4
: s9% | HY | 4 Clint
Cpd. Structure Conv. PPE Haff Life Km (mL/min) solubility
(min) (uM) (ng/mL)
(avg) (avg) | @8

y ¢
1 100 11.7 ia.g)m 7.9 lot 91 | 007 1209

!l" zg
2 76 19.1 105 0.13 2900
A 100 |39#1.1(6.310t2) | 300 0.38 136
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PPE( Haff Life min) HJ ICmWY) (an) HJ dint (m./mn) (avg)

solubility (pg/nmL) Bl 41 100 (22.5 -0.6 lot 2) 29 0.11 389 we /.

B2 ., 94 Iwo@ogsl@ifaizl ot 2) 40 0.09 - C 2.4 21.1 - - - BI/IB2007/001843
S9% | pocmariie | Ke | HWCUnt solubility
Cpd. Structure COV. (min) (M) _{mLImin) (ug/mL)
(ava) o |- ava)
B1 100 | (25+0610t2) | 29 0.11 389
B2 94 11.6 (19610t 2) 40 0.09 -
c 24 21.1 - - .
D - - - - -
E - ‘B4 - . -
F - 4.7 - - -
G 100 212 390 0.18 -
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, NED EOHH/ -6.4---FOH _--8"C,,,,. |I-2r( - 4.7 - - -G
HHL ea 100 21.2 . 390 0.18 - WD 2008/001212PC1/1112007/001843

Cpd. Strucworeos®®@i2e Cony. (avg) PPE Fluff Life (mn) Hdvisemw06m3
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Camitine Depletion .
Small alkyl acids like pivalic acid which are fully substituted at the carbon alpha to the carboxylate
are not sufficiently catabolized through B-oxidation. As a result, carnitine is acylated and acyl camifine
5 accumulates in the tissue and bloodstream, depleting free concentrations of camitine. As such, acids that
are fully substituted at the alpha carbon provide the potential to decrease camitine stores in the body. See
Brass, above. This has been shown in short course therapies with'pivaiic acid-containing prodrugs wherein
carmitine depletion resulted in impaired fatty acid oxidation and impaired ketogenesis. See Abrahamsson et
al. Biochem. Med. Metab. Biol., 52, 18-21 (1984). A prodrug sidechain that is eliminated rapidly and safely
10  and which does not deplete camitine stores in the body would be desirable. The metabolic conversion of
certain small alkyl acids to their gluwronide conjugates provides an efficient pathway of elimination from the
body. Valproic acid, for instance, has been shown to be eliminated exbensivély via glucuronidation (See
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Zaccara et al. Clin. Pharmacol., 15, 367-389 (1988)), while pivalic acid is excreted almost entirely as its
acylcamitine conjugate in humans. See Totsuka et al. Anfimicrob. Agents and Chemother., 38, 757-761
{1992). it can be appreciated that subtie changes in sfruciure can translate to substantial differences in
metabolic disposition of these alkyl acids.

The metabolic conversion of certain small alkyl acids to their glucuronide conjugates provides an
efficient pathway of elimination from the body. Valproic acid, for instance, has been shown {o be eliminated
extensively via glucuronidation (See Zaccara et al. Clin. Pharmacol., 15, 367-389 (1988)), while pivalic acid
is excreted almost entirely as its acylcamitine conjugate in humans.

Of interest was a comparison between Compound 1 and Compound B1 in terms of the prodnug side
chains’ tendency or lack therecf to deplets plasma camitine following metabolism of the intact prodrug. This
was evaluated in vivo using an acute model of camitine deplation in Sprague-Dawley rats. To understand
the potential impact in vivo, radiclabeled pivalic acid (Compound B1 side chain) and Z-ethylbutyric acid
(Compound 1 side chain) were administered orally at a dose of 200 mg/kg BID for 4 days to two separate
groups of animals. The pivalic acid was labeled with *C at the carbonyl carbon (1-position) and had a
specific activity of 0.482 pCi/mg. The 2-ethylbutyric acid was labeled with **C at the carbon adjacent to the
carbonyl carbon (2-position) and had a specific activity of 0.503 pC/fmg. Doses were administered in 100
mM sodiurn phosphate pH 6.6 at a dose volume of 10 ml/kg. Blood samples were cbtained at 24 hour
intervals following initiaion of the study, processed for plasma and assayed for camitine levels by
LC/MS/MS. A vehicle control consisting of oral administration of an equal volume of buffer without
compound was completed as a baseline comparison. As shown in Figure 1, animals receiving 200 mg/kg
BID of pivalic acid showed decreased levels of plasma camitine relative to vehicle control. By contrast,
animais receiving the same dose of 2-ethyibutyric acid over the course of 4 days demonsirated statistically
insignificant changes in plasma camitine, suggesting this compound does not cause camitine depletion.

A separate study using a single 200 mg/kg dose of each radiolabeled compound (pivalic acid and 2-
ethylbutyric acid) was completed in rats to determine systemic exposure of dose following oral
administration. The oral administration route was chosen because it is expected that the majority of
hydrolysis of the prodrugs will occur within the intestine prior to entering systemic circulation. Plasma
samples were obtained prior to dosing and at 0.25, 0.5, 1, 4, 8, and 24 hr post-dose. Samples were
quantified for radioactivity by liquid scinfilaion counting and the counts were converted fo ug
equivalents/mL. As shown in Table 5 and Figure 2, once absorbed, radioactivily associated with 2-
ethylbutyric acid is cleared 4.5 fold faster than pivalic acid, reflecting efficient metabolic processing and
excretion of the compound. ; : )

Accordingly, cral administration of prodrug Compound 1 is not expected to result in camitine
depletion, whereas administration of Compound B1 is. ‘

Table 5. Pharmacokinetics of Total Radioactivity in Sprague-Dawley Rats Following Qral
Administration of ""C-pivalic acid or i

C-2-gthylbutyric acid at a dose of 200 mg/kg (100 pCi/kg)

Administered Crmax Half-life JAUC CLIF
Compound _(ug eq/mL) (hr) {hr*ug eq/mL) (mL/hrfk
pivalic acld 247 136 13.816.7 6624 £2348 35.6114.3

2-gthylbutyric acld 158 £47 57108 1332 402 163.3 153.5
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For purposes of convenient formulation and suitability as a pharmaceutical product, in some
embodiments, the compound is preferably solid at room temperature, preferably readily forms a crystalline
solid, and is reasonably stable to degradation.

Discussion
Compound 1 was determined o exhibit a favorable combination of properties. In addition to being

.crystalline and adequately soluble in water, Compound 1 was fully converted to sulopenem in the liver S9

experiments, exhibited a relatively long PPE half-life, and a relatively low intrinsic clearance and saturation of
intestinal enzymes in human intestinal juice. Based on this data, Compound 1 was predicted to exhibit
favorable clinical PK, which was confirmed by the clinical data described above. Moreover, as evidenced by
its structure and the camitine work described herein, Compoimd 1 does not camry a carnitine liability. Thus,
Compound 1 combines at least all of good oral bicavalability, lack of camitine liability, and favorable
physical properties. In conirast, -other prodrugs, in particutar others bearing alkyl side chains, were not
predicted to match these attributes. For instance, several of Compounds C to AA have a tertiary carbon
alpha to the ester carbonyl group of the promoiety (e.g., Compound C). These are predicted fo have a
potential camitine liability. Other of the test compounds had relatively low PPE stability andfor §9
conversion, predictive of lower Gl stability and oral bioavailability. Still others were not tested due to
difficulties in obtaining readily testable samples. See Table 4.

Prodrug Compound 2 also was shown to have favorable attributes, which include its predicted GI
stability and bioévailability, and physical properties. See Table 4.

COMPOUND EXAMPLES
The present invention will be further iilustrated by means of the following nonlimiting examples.

* Crystailine sulopenem, which was used in the present exemplification, was prepared according to

Example 11 of US5013729.
Example 1: (2-Ethyl-1-oxcbutoxy)methyt {5R,68)-6-[(1 R)-1-hy¢roxyeth3d]—7—oxo—3—[[(1 R,3S}tetrahydro-1-

oxido-3-thienyljthio]-4-thia-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylate (Compound 1).
The titte compound was prepared according.to the following scheme and description.
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Step 1: 2-Ethyl butyric acid (1500 g) was added to a solution of thionyl chloride (1800 g) in
dichloromethane {(0.75 L) over 1 hour. The mixture was heated to reflux and was monitored by GC (gas
chromatography). After approximately 2 hours, the reaction mixture was concentrated via distillation at
atmospheric pressure. It was then cooled fo 22 °C, dichloromethane (0.75 L) was added, and the mixture
was concentrated once again at atmospheric pfessure. Bue to the extreme corrosiveness of the reagents
used, all exhaust gases were passed through a wet caustic scrubber.

Step 2: Meanwhile, a mixture of zinc chloride (18 g) and paraformaldehyde (480 g) was prepared.
The semi-crude, neat acid chloride was added to this mixture over 1 hour at ambient temperature with
mechanical sfiring. Afler a small induction period, a significant exothern was observed. The
temperature of the reaction mixdure increased from ambient (25 *C) to 50 *C over 5 minutes. The rate of
addition was slowed to control the exotherm, and maintain the reaction at 50 °C. After complete addition,
the reaction mixture was allowed to cool and was stired at ambient temperature for an additional 18
hours. .

n-Heptane (4 L)} and 10% aqueous sodium bicarbonate solution {9 L) were then charged and the
phases were separated. The aquecus phase was extracted with n-heptane'(3.4 L). The combined organic
phases were filtered and distilled under vacuum fo afford the crude product. The product was purified by
vacuum distillation {10-20 mmHg) to give 587 g of 2-ethylbutyric acid chloromethyl ester.

Step 3: 2-Ethyl butyric acid chicromethyl ester (700 g) was dissolved in acetone (3 L). To this
solution was added sodium iodide (1.0 kg). The resulting reaction mixture was heated at reflux until reaction
completion (2 h (hours), monitored by GC). The solution was then cooled to ambient temperature where
tertbutyl methyl ether (7L) and 5% aqueous sodium thiosuifate (4 L) were added. The phases were
separated and the organic phase was washed with aqueous sodium thiosulfate (4 L), low pyrogen wate_r (4
L) and 10% sodium chloride solution {4 L). The organic layer was dried over magnesium sulfate (350 g),
filtered, and the filter cake was washed with feri-butyl methyl ether (2x 0.7 L). The filtrate was evaporated to
a small volume (ca. 2 L) to give 2-ethyl butyric acid iodomethy! ester, as a solution in fert-butyl methyl ether.

Step 4: The semi-crude fert-butyl methyl ether solution of 2-ethyl butyric acid iodomethyl ester
from Step 3 was added to a slurry of sulopenem (750 g) in acetone (5.9 L). N,N-Diisopropylethylamine
(DIEA) (319 g) in acetone (0.5 L) was added and the mixture was stimed at ambient temperature until
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granulated for 10 minutes at 40 °C to 50 °C and was then cooled slowly {o less than 10 °C. The resulting

10  solid was collected, washed with a 1:2 mixiure of sthyl acetate and tert-butyl methyl ether (4 x 0.5 L) and
dried o constant weight under vacuum at up to 50 °C to give 0.57 kg of the desired product (60% yield).

Step 5: The semi-crude product (0.55 kg) was slumied in ethyl acetate (1.65 L) at ambient
temperature. The temperature was then adjusted to ca. 50 °C to achieve dissolution. This solution was
hot-filtered to remove insoluble impurities then fert-butyl methyl ether (3.6 L) was added. The resulting

15  solution was slowly cooled to less than 5 °C to initiate crystallization. The solid product was collected,

" washed with a 1:2 mixture of ethyl acetate and tert-butyl methyl ether (4 x 150 mL) and dried to constant
weight under vacuum at up to 50 °C to give 0.48 kg of the desired product (86% yie!d). The crysfalline
material was determined to be non-solvated.

'H NMR (DMSO-ds, 400 MHz): 5.71 (m, 3H), 5.19 (d, 1H, J = 4.56 Hz), 3.92 (m, 2H), 3.81 (m, 1H), .

20  3.70 (m, 1H), 2.96 (m, 1H), 2.80 (m, 1H), 2.85 {m, 2H), 2.36 (m, 1H), 2.19 (m, 1H), 1.45 (m, 4H), 1.10 {d, 3H,
J =622 Hz), 0.78 (t, 6H). '

MP: 105 °C; Mass. Spec.: (M+H)" 478.
MW: 477.92 g/mol; Molec. Form.: Cig Hzr N Of S,

. Agueous solubility (pH 5 phosphate buffer, 25°C): 1209 pg/mL.

25 Crystals of Compound 1 prepared in the manner of Step 5 above were submitted for X-ray powder
diffraction. Samples were analyzed on a Siemens D500 Automated Powder Diffractometer equipped with a
graphite monochromator and é Cu (A=1.54 A) X-ray sourcé opetated at 50 kV, 40 mA. Two-theta
calibration was performed using an NBS mica standard. Sample preparation was performed using a zero
background sample plate. The diffraction pattern of these crystals of Compound 1 is shown in Figure 3 and

30 tabulated in Figure 5.

Example 2: (2-5ﬂ10xy-2—meﬁ1yl-1-oxopropoxy)metiwl {5R,65)-6-[(1R)-1-hydroxyethyl}-7-oxo-3-[[(1R,38)-
tefrahydro-1-oxido-3-thienyijthio]-4-thia-1-azabicyclof3.2.0]hept-2-ene-2-carboxylate (Compound 2).
The title compound was prepared according o the following scheme and description,
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ate (Conpoupsgia js)andaw-r@gmﬁlé tp arstiH A RiRPALSd b@&glgglgi %%E%%éauqeme
D (0 Sout 2 NERB e oyl cé%” ? %/F'(P)ﬁ? 6 011l at i on OTh O 1.

Nal, Acetone || ."HNMR: (NEMSR0B0 RHOAES3 (d 1H J = 5.81)HzD5.70MCHH) 1528 Gn,ClH), 302 (m, 2H),
D <0 OPbh ObieD(m, 11 370,(m A6 BB @, 2H, U B 05 HA),HBB (AN A), Ei8Om, Na20esQ0R, 2R eks (m, 1H),
SIBSO. Acti ya§ @bui-anbRNsHE) 046 1) '%5'& 3H, J = %Hz)

MP: 111-113°C.
MW: 493.62 g/mol; Molec. Form.: C19H27N0383.
_ Aqueous solubility (pH 5 phosphate buffer, 25°C); 2900 pug/mL.



0r-0)--CO Step 1. 2-Ethyl butyric add (1500 g) was added to
a solution of thionyl chloride (1800 g) in dichloromethane (0.75 L)
over 1 houwo 2iésmomixt ure was heated to reflux and was nmri/isosedoisys GC
(gas chromatb phy). After approximately 2 hours, the reaction
m xture was entrated via distillation at 5 atnospheric pressure.
It was .then cool && cerapopr ofthe fgimlsl or onet hane (0.75 L) was added, and
the m xture was concentrated once @gai n at at nospheric pressure. Due
to the extrenme corrosiveness of e reagents used, all exhaust gases
wer e passed through a wet caustic s Step 2: Meanwhil e,
a mxture of zinc chloride (18 Q) rafo hyde (480 g) was
prepared. The sem -crude, neat ac?d chlpride was added to this '
m xture over 1 hour at anbient tenper with 10 nechani cal
stirring. After a small induction period, aSsignificant exotherrn was
observed. The tenperature of the reaction ”’95""'2@5‘ ncreased from
anbient (25 C) to 50 C over 5 nminutes. The%ate -addi ti on was
sl owed t o cont r 3 Thelvempouart d¢f elpimr!, whighds (@mihpit1aixobubbkydmetie (SR 68)6-[aIR)}-50 C.
After cogpl ijﬁ:xﬁdﬂi_]-‘t—b%[[(im}feﬁﬁﬁﬁrb-@@xim-%ﬁﬂég\ﬂmm@hJa%ﬁcl&[é?z.ﬁﬁé‘m-z-@'@g-
was stirred g, )i ent tenperature for an additional 18 hours.
15n-1-1 ept ane ) and 10% aqueous sodi um bi carbonate solution (9 L)
were then charged and the phases were .separated. The aqueous phase
was extracted w3 Fherrompqytdoefdaiind, whidhjis (2-8thg-1esebbioxyabtor (SRES)E-[(IRREES
\#a]r e fi ;t e : e,droayzwﬁ??dﬂmmﬁdmydr&s{amm-mnyﬁ%pmahJa%bﬁw&@.@iee%kq.
e proggc [ Hug]' St SO0 - 0 _give
5879 of 2-e$%%%.(%@foﬁﬁor nest(ﬁiylpuéog%&er%&%tjpep%ﬁ?ug%m%sg“e?s
butyri c add"CHTEFEREIRYIS 289 (700 g) was dissol ved in acetone (3
L). To this 20 solution was added sodiumiodide (1.0 kg). The
resul ti ng react i4oRcamipaind bhefaullteat ed at refl ux until reaction

conmpl etion (2 h (hours), nonitoregyby GC). The solution was then
cool ed to anbi ent tenperature whefe fert-butyl nethyl ether (7L) and

5% aqueous sodiumthiosutfate (4 D e ad 1 The phases were
separated and the organi c phase ). [ i L+aqueous sodi um
er (4 L

thiosulfate (4 L), |ow pyrogen ) and 1% sodi um chl ori de
solution (4 L). The organic |ayer was reed over nmagnesi um sul fate
(350 g), 25 filtered, and the filte-rocak)e—wa -Washed with ted-butyl
nmet hyl ether (2x 0.7 L). The filtrate was e)‘y.chated to a smal |

volune (ca. 2 L) to give 2-ethyl butyric aefd li odonethyl ester, as a
solutioggin ferf-butyl methyl ether. Step 4. The sem -crude
teat-butyl nethyl__ether solution of 2-ethyl butyric aci-d i odonet hyl
ester from St ep%3n\ﬁ/§§m%?ﬂ?fe°(§a?'ﬂ A hip *?}h°6¥'2‘§‘?f|‘36¥'8¥?8‘???‘(x¥)5'6“‘§}53q$}5' (1R)-1-
acet one (5. ydexyethKl-AexpiSHEIRHSHiotphwdrir|-pxider dtblenyBhislA)thig-B a@abigyclol3re. Girept 2ene-2-
(0.5 L) wascasddath. and the m xture was stirred at anbient tenperature
until WO 2008/ 001212PCT/ 1B2007/ 001843 reacti on conpl etion. Low
pyrogen ter (65 L) and tgne. (3. 75 L) _were added and the phases
wer e se%%\?at ed. %Tﬁ’g %"Gﬁ?nggﬁ'ﬂ?e"ﬁ’”&/&sz@?f*ﬁﬁ%1’P’f°P’§?°"¥WW1 Pl RS-
L) and t henioxsthdl hgp-34E18438Hetrghpdro-oxido-3-tipryilthiclythia- frezabigicisiddiheptet epe-2-
wer e conbi necbogyett inthe brpsdalling fohm Eing 81060 Boviiectiifikiidn!pbtefi SubskinBall| fe bdme as

| ow pyr ogenmMadpRkentdd il Pigsddisha 0% aqueous sodi um chloride (6 L). The
organi c extract was treated with 5 activated carbon (75 g) and

magnesi um sul fate (150 g), then was filtered. The filter cake was

washed @t h et hytA ElteBrageuticaf omposition Jorprigingttheccompdund of pry oneef claimsp oo Bifoemliated

to dryness fororgpdwinighationwih awitchet ghe octhieé exciiests arg)os onEbidre A bati@indradichts.

L) was added and the solution was heated (45 C) to achieve

di ssol uti on. Thias %ln#atuiau%& vvasostﬂhen hot -filter ed({f?nd tert-butyl

net hyl et her (4.,7A§} Was. adaed o eheEmeang e Rgeoind g ARy e cigimsd i# &endd

for 10 mi nuRreened forpuigted fey omhadminisyationwih orMEhpuiaHe prarpressxaipipngs and/ot ane or more -
: 30  other active ingredients.
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. while maintaining an internal tenperature of |less than 45 C (ethyl
acetate bp 76.5-77.5 C). , Step 7: The resulting crude Conpound 2
(23 g) in ethyl acetate (100 nm.) was warned nearly to reflux to filly
di ssolve the solids, and then fert-butyl nmethyl ether (100 m) was
added gradual Iy, maintaining an internal tenperature of 60C to refl ux
The resultant m xture was stirred slowy at 60C to 15 reflux for 5
m nutes, and them v oaddstuhAinedr fifis & 106 fdk §3¢HA @bragy. h at 5-15 C. The
white to off-white product was filtered, washed with nmethyl t-butyl
ether (MIBE) (28 ml) and dried under vacuum at anbi ent tenperature
for at |east 16Ip. ATbinfoug@@yLariyRae P RAME td £CNPEAHNG bakleriaBinfRcti¥iiih € human
solid, (212.57 3.9%vyield). Crystals fromthis product were
submttecfnf'“(’)etd 1% %4y powder diffraction. Sanples were anal yzed 20 on a
Si enens 0500 Aut omated Powder Diffractonmeter equipped with a gr aphi te
nmonochr omat or d,a 54 A) X-ra urce, op rat. at 50 40
. Twotheta i PoremPebiR (aY 5o phehlth ©E hata ARREER Ted et e
Sanpl e priefecticatin olumeasn jped fhoreoed usi ng a zero background sanpl e
plate. The diffraction pattemis shown in Figure 4 and tabulated in
Fi gure 6. .. 1H NVR: (df rDMSO, 400 WO 5.83 (d,
1H, J = 5. 81 HzZIR. Bserd aCompRif) of By 2@ dfrdaindsH) to 63n 92 nanyfa@ify of 2&58Ji&inefitm

1H), 3.7 . = 2.80 (m
1 2 G%Matl%i%a?w%# llecith ing o bty o gty 252 G
Hz), 1.00 (t, 3H, J 6.63 Hz). MP: 111-113C. MW 493.62 g/ nol;

Mal ec. Form : %%ﬁ%@&'@@éﬁm RAVRRLS th%@!)l’ﬂ%iuhél Esyoréﬁ RaminRRAKIRA 4 Smount of
buffer, 25 C): 2900 30 WD 2008/ 0 1212PCT I B2007/ 001843

CLAI MB: ai?OUtAOQ:@r?B?HBE O BIR@ T8 mul a:  OH 2. The conpound
of claim1, which is (2-ethyl-1-oxobutoxy)nethyl (5R 63)-6-[(1R)-1-
Shydr oxyet hyll 7- 0x0- 34R1R, 35 -tetrahydro-1-oxido-3-thienylithio]4-th
i a- 1- azabi cycl dfsTse Wﬁ’éﬁ{a”? n‘éhe?m HigrwERynd s grally admmlswreé in yflose of
conpound Bbutqlt@ktdurlas mdakescHID. S ( 2- et hyt - | - oxobut oxy) et hyl

(5R, 65)-6-1(1R) - 1-

hydr oxyet hy1l] - 7- oxo- 34[ ( 1R, 38) -t et rahydr o- 1- oxi do- 3-t hi enylithiol-4-t
hi a- 1- azabi cycl of. Ih2 ui dsfe:pmmz 2eﬁrﬁeré}n tHeO0@tpbaxiyib atafly iafmin3erddriy atdakd bne
f orm havi raction pattern substantially the
sane as taﬁg“ftql?toarbg %’gggdﬁﬁj % 3 and 5. 4. A conpound of
the formul a: O—| 15 5. The conpound of claim4, which is

2- et hoxy- 2- net hyl - 1- oxopr opoxy) net hyl (5R, 68)-6-RLR)- 1-

hydr oxyet hyl] - 7- oxo- 3-r RLR, 3S) -t et rahydr o-| - oxi do- 3-t hi enyl Jthi o] -4-t
hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene- 2- car boxyl ate. 206. The conpound
of claim4, which is 2-ethoxy-2-nethyl-1-oxopropoxy) net hyl

(5R 68)-6-R1R) - 1-

hydr oxyet hyl] - 7- oxo- 3-[ (1R, 3S) -t et rahydr o- 1- oxi do- 3-t hi enyl ]t hi o] - 4-t
hi a- 1- azabi cycl o[ 3. 2. 0] hept - 2- ene-2- carboxylate in the crystalline
form having an X-ray powder diffraction pattern substantially the
sanme as that represented in Figs. 4 and 6. 257. A pharnmaceuti cal
conposition conprising the conmpound of any one of clains Ito 6

fornmul ated for oral adm nistration with or without one or nore

exci pients and/or one or nore other active ingredients. 8.
A pharnmaceuti cal conposition conprising the conmpound of any one of
clainms Ito 6 and probenecid formulated for oral adm nistration with
or without one or tnore excipients and/or one or nore 300t her active
i ngredi ents. 9. A conpound of any one of clains 1 to 6 for
use in therapy. 10. A compound of any one of clains 1 to 6
for treating bacterial infection in a human in need thereof.

11. A compound of any one of clains 1 to 6 and probenecid for
treating bacterial infection in a human in need thereof. 12.
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