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Abstract

A series of novel [-[2-(2-aminothiazole-4-yl)-2-(Z)-(alkoxyimino)acetado]-cephalosporins
having pyridinium-linked acyl cyanamide at the @sition were prepared and their antibacterial
activities and pharmacokinetics profiles were eatdd. Most of the compounds exhibited potent
antibacterial activities against penicillin-resigta Sreptococcus pneumoniae  (PRSP) and
B-lactamase non-producing penicillin-resistad@&mophilus influenzae (BLNAR). Introduction of a
propenyl group between the cephalospoin core amditte chains at the C-3 position improved the
pharmacokinetics profile. Among these compoundsp-[242-aminothiazole-4-yl)-2-(2)-
(alkoxyimino)acetamido]-3-(pyridin-1-ium-1-yl)prop-en-1-yl)cephalosporins  3%j) showed
well-balanced antibacterial activity againSt pneumoniae and H. influenzae which included
resistant strains and also other Gram-positiverantGnegative pathogens. Furtherm@2, showed

a long half-life comparable to that of Ceftriaxanenice and monkeys.
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Highlights
® New cephalosporin compounds having acyl cyanamidemwere synthesized.
® Most of them showed good antibacterial activityinggPRSP and BLNAR.

® In particular, the compounds introduced propenglgras a linker showed long acting feature.

1. Introduction

Cephalosporin antibiotics have been the focus térestve research around the world, and a
number of compounds have been developed as aettivé agents playing clinically important
roles. Above all, Ceftriaxone (CTRX) [1], displagirstrong activity against Gram-negative bacteria
[2] as a third-generation cephalosporin, has bemtributing to the improvement of patient QOL
(quality of life). It has also aided in suppressimgdical expenses by making possible outpatient
treatment as a once-daily administration cephalaspioug due to its extremely long half life [3].

Although antibacterial agents including cephalosoroffer protection from the threat of
infectious diseases, their excessive use has giserto the emergence of resistant pathogens [4],
including penicillin-resistant Streptococcus  pneumoniae (PRSP) [4-6] and beta-lactamase
non-producing ampicillin-resistattaemophilus influenzae (BLNAR) [7, 8] as pathogenic bacteria
of community-acquired pneumonia. The increase ohgesistant pathogens has become a clinical
problem. There is a limited number of safe drugd #re effective against such resistant bacteria,
and new drugs need to be developed.

Under these circumstances, we started researahdt@ritimicrobial agents possessing not only
strong antibacterial activity against such resisthacteria but also against other important
Gram-positive and Gram-negative bacteria involveddmmunity acquired bacterial infection, such
as Staphylococcus aureus, Escherichia coli and Moraxella catarrhalis [4]. In addition, we thought
that the candidate should have a long-acting phasknaetic profile similar to that of ceftriaxone.

Our previous studies [9] identified Compouid as having broad and potent antibacterial
activity against Gram-positive bacteria such ashingin-resistantStaphylococcus aureus (MRSA)
and Gram-negative bacteria includiRgeudomonas aeruginosa. We studied this compound as a
next-generation antimicrobial agent, but foundinbt be suitable for parenteral dosing because of
its very poor solubility. Compound B with a carbbzyacid group at the 2-position of pyrrole had
greatly improved solubility in water by forming adum salt, but unfortunately showed decreased
antimicrobial activity. We next tried to identifytaoisostere instead the carboxylic acid withosslo
of antimicrobial activity. This led us to compou@dwith an acyl cyanamide group, which showed

moderate antibacterial activity and good solubilitterestingly, compound C had very long blood



durability in monkeys, comparable to that of ceftone. This motivated us to conduct lead

optimization around this compound.
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MIC PK Mouse PK Monkey
R S aureus SMITH Saureus S.aureus E.coli NHJ P.aeruginosa P.aeruginosa AUC T CLtot AUC T12 ClLtot
SRR030(MRSA)  SRI626(MRSA) 2 PAOL sa24 (ug-hr/mL) (hr.) (mL/min/kg) (ug-hr/mL) (hr.) (mU/min/kg)
A $—H 0.4 16 6.3 0.02 0.8 038
$—COOH 31 125 25 0.05 08 08
C §—CONHCN 16 12,5 125 0.1 038 04 273 04 22 2
Cefozopuran 0.8 125 50 0.05 0.8 04 30.3 04 15 12
CTRX 60.8 0.64 5.49 21.9 1.95 0.77

Table 1. SAR table of previous work
Here we describe the detailed synthesis of novehaesporins, and the effects of functional

group transformations on antibacterial activity ahérmacokinetics.

2. Chemistry

The outline of the synthetic route for novel ceplpbrin derivatives is shown in Scheme 1.
First, the carboxylic acid having an aminothiazahe an oxime moiety was made to react with the
amino group at C-7 of the cephalosporin nucleusttoduce the C-7 side chain. Next, the pyridine
derivative synthesized separately was introducdideaC-3 position, followed by deprotection to

afford a variety of compounds.
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scheme 5 or 6)

Scheme 1. Outline of the synthesis for novel cephalosporins

The cephalosporin nucleus having a chloromethyligrat the C-3 position was obtained from
commercially available 7-amino-3-chloromethyl-3-bem-4-carboxylic acig-methoxybenzyl ester
hydrochloride (ACLEHCI) 1 [10] as shown in Scheme 2. The cephalosporin nacleith a
chloropropenyl group introduced at the C-3 positi@s prepared by removing a phenylacetyl group
of compound 2-(Z) or 2-(E), which were derived from commercially available
7-Phenylacetamido-3-chloromethyl-3-cephem-4-carboxacid diphenylmethyl ester (GCLH) [10]
in accordance with a known route. [11]
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Scheme 2. Reagents and conditions: (a) (1) Nal, THF, ri}; PPh, EtOAc, rt; (3) 2N NaOH aq.,
CHCI,, rt; (4) Chloroacetaldehyde, N,O-Bis(trimethyl§iacetamide, THF, DMSO, rt; (b)
2,2’-Azobis(2,4-dimethylvaleronitrile), 4-Chlorotiphenol, CHCI,, reflux; (c) (1) PG, Pyridine,
rt; (2) MeOH, 0°C

In terms of the C-7 side chairisand6 were prepared by a known procedure [12] and theroth

side chaing®, 10 and 11 were obtained by oximation of ketoacidand 8 with the corresponding

alkoxylamine, respectively.
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Scheme 3. Reagents and conditions: (adRNH,, E&LN, MeOH, rt

The cephalosporin intermediatéa to 17 were prepared by condensation reaction of carbmoxyl
acid and cephalosporin nucleusr 4, using phenyl phosphorodichloridate or phosphachisride in

the presence dfi-methylmorpholine.
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Scheme 4. Reagents and conditions: (a) Phenylphosphoryl higlile or POG,
N-Methylmorpholine, EtOAc, -20°C; (b)Nal, THF, 15°t@r 12-16

The synthesis of C-3 side chains is showisiheme 5. First, the corresponding intermediates
having carboxylic acids or esters were preparethdJsarboxylic acid intermediates, the carboxylic
acid part was converted to the active acylimidaeoli group by reaction with
1,1'-Carbonyldiimidazole (CDI) followed by introding sodium cyanamide to afford the C-3 side
chain having an acylcyanamide group (Method A). Whige ester intermediates were used as
materials, they were made to directly react wittigm cyanamide in an alcohol solvent to afford
the desired compounds (Method B). The obtainedsiti8 chains were further transformed to the

sodium salts using MeONa, except 18c which was used for the next step as a free base.
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Scheme 5. Reagents and conditions: (a) Method A: (1) 1,aHonyldiimidazole, DMF, rt; (2)
Sodium cyanamide, DMF, rt; Method B: Sodium cyardenMeOH, rt

Other synthetic methods for some C-3 side chaieashown inScheme 6. Compound0 or 23
with a protected nitrogen on the pyrrole ring hgdramide groups introduced via acyl imidazole,
using CDI in the same manner as Method A. Afteraeng the respective protecting groups, the

obtained free acylcyanamide group was neutralizéd sedium methoxide to obtai®d or 190.
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Scheme 6. Reagents and conditions: (a) (1) 1,1-Carbongidiazole, DMF, rt; (2) Sodium
cyanamide, DMF, rt; (b) 2N NaOH aq., MeOH or EtOti(3) MeONa, MeOH, rt

The coupling reaction of the mother nucleus with @3 side chains followed by a deprotection

reaction is shown iBcheme 7 to 9.
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Scheme 7. Reagents and conditions: (a) DMSO, rt; (b) IMICK in CH;NO,, CH,Cl,, -20°C
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Scheme 9. Reagents and conditions: (a) NaBr, DMF, rt, 58p(ls)19a, b, h-j, m or p, DMF, rt; (c)
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After coupling of 3-iodomethyl cephalosporid® to 16 with 19a in DMSO, the resulting
compound was deprotected with aluminum chloridéhepresence of anisole, purified by HP20SS
column chromatography, and lyophilized to giéeto 30.

Synthesis 081 havingZ-propenyl and a mixture &/Z-propenyl linker at the C-3 position was
carried out as follows. Firsf,7-(Z) was coupled with the C-3 side chdifia in the presence of
sodium bromide in DMA. The resulting compound waprdtected similar to the procedure for
synthesizing methylene type compounds to obtaisdrans mixture31-(EZ). Chromatographic
separation afforde@1-(Z) in only the cis form.

Synthesis of the trans isomer 82 having anE-propenyl group was carried out using cis
chloride 17-(Z) or trans chloridel7-(E) as the material. The cis chlorid@-(Z) was made to react
with sodium bromide in DMF for 5 hours at room tesrgiure with monitoring for completion of
isomerization to the trans form by NMR analysisb&quent coupling with the sodium salt of the
C-3 chain gave the intermediate before deprotecfi®oute A). The trans chloridé7-(E) was
directly coupled with the sodium salt of the C-8esichain in the presence of sodium bromide in

DMF to give the same intermediate (Route B). Eatbrinediate obtained was deprotected to give



trans compound32, except for32c. To obtain32c, 19¢c was coupled witli7-(E) in the presence of
sodium bromide and N,O-bis(trimethylsilyl) acetamid DMF and then deprotected.

3. Resultsand discussion

Initially, we investigated the effect of C-7 sideains on compounds having a pyrazole ring at
the C-3 position of cephalosporins. The pyrazoig was selected as a C-3 side chain because many
analogues are more easily prepared than with thelpyring. Compoun@6 with an aminothiazole
and a methoxyimino group at the C-7 position of hedpsporins showed potent and broad
antibacterial activity against the target bacteespecially PRSP and BLNAR. Also, compou2l
showed longer T, in mouse than compour. Compound27 and28, which have extended alkyl
groups of the oxime moiety, maintained good antixgal activity and exhibited improved activity
againstM. catarrhalis, one of the important pathogens in community-aegupneumonia [13]. On
the other hand, a slight decrease of activity whseored against. coli, representative of
Gram-negative bacteria. Compoufl with a fluoroethyl group introduced to the oximeigaty
showed comparable activity with compou2id The alkyl chain extension of the oxime part af C-
position (Compoun@7 - 29) resulted in a decrease of AUC in mouse. Comp@dndith a chlorine
substituent at the aminothiazole ring showed dsegtaactivity against BLNAR compared to
compound27. Compound30 showed the highest protein binding rate (PB) dmatetoy had better
AUC in mice than other compounds. As a result, weidked to continue SAR study by modifying
compound27 having an ethoxyimino group because this compalnuaved relatively well-balanced

antibacterial activity among these five compounds.
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s
N I o
26 N 1 1 0.25 0.5 0.063 0.25 2 0.25 18.1 0.91 18.4 15
i
S
N T =y
27 N | 1 0.25 0.5 0.063 0.25 0.5 0.5 10.8 1.14 30.8 23
o
N
S
NG ]
28 N 4 0.5 0.25 0.5 0.063 1 1 1 89 0.98 374 37
o
N
s
HZN—<\N\ o
29 N‘\o 1 0.25 0.5 0.063 0.125 1 0.25 12.7 1.06 26.2 24
LUF
S. Cl
HZN—(\N\ .
30 " 1 0.125 0.25 0.25 2 0.125 2 41.5 0.59 8 57
o
K
CTRX 2 1 2 0.125 0.25 1 0.125 60.8 0.64 5.49 94

®Staphyloccocus aureus SMITH

®PRSP 1 Sreptococcus pneumoniae SR16675

‘PRSP 2Sreptococcus pneumoniae SR16750

‘BLNAR 1, Haemophilusinfluenzae SR11435

*BLNAR 2, Haemophilus influenzae SR24106

"M.c., Moraxella catarrahalis SR24290

%E.c., Escherichia coli NIHJ JC-2

Table 2. In vitro antibacterial activities (MICug/mL) and pharmacokinetic profiles of compound
26-30

Athough good antibacterial activity against pathogeacteria for respiratory infections was
obtained through modification of the C-7 side chémere was still room for improvement of activity
againstStaphylococcus aureus. We next focused on modification of the linkervbe¢n the core and
the pyridinium moiety on the C-3 side chain. Cepbporins having a propenyl linker at the C-3
position have been known as examples of Cefluprereamd this propenyl linker resulted in
enhancement of antibacterial activity agair@aphylococcus aureus [14]. In addition, we
hypothesized that introduction of a lipophilic virgroup would give a long-acting pharmacokinetic
profile caused by increase of the PB.

We preparedl1-(EZ) as anE/Z = 36/64 mixture to compare its antibacterial atfiwvith the
methylene type analog®. Compound3l-(EZ) showed 4-fold improvement of activity agaisst



aureus and E. coli, as well as maintaining activity against PRSP 8hNAR, but had slightly
reduced activity againdil. catarrahalis. Evaluation of the pharmacokinetic profiles in enigiven
intravenous injections showed that the AUGDBHEZ) was better than that of compou2din spite

of a comparable PB value. This result encouraged ssparate each geometric isomer of the vinyl
group at the C-3 position and compare the bioldgibaracteristics of the isomers. The antibacterial
activity against PRSP and BLNAR of tBeisomer32a was 4-fold superior to that of ttisomer
31-(Z), and each isomer showed comparable activity agather pathogens. Although the CLtot
parameter oB2a in mice was quite similar to that 8-(EZ), the T, of 32a was slightly better.
Therefore, we attempted to modify the hetero rirggety in place of pyrazole in the most favorable
cephalosporin skeleton having d)-propenyl linker at the C-3 position. Moreover, s@nsidered
the possibility of prediction of the pharmacokinstprofiles based on the lipophilic parameters of

these compounds.
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?\ o
MIC

Mouse PK
AUC T ClLtot
R S.a. PRSP1 PRSP1 BLNAR1 BLNAR2 M.c. E.c. (ug-hriml)  (hr)  (mUiminikg) PB (%)
27 S 1 0.25 0.5 0.063 0.25 0.5 0.5 10.8 1.14 30.8 23
31-(EZ) NP 0.25 0.25 0.5 0.125 0.25 1 0.125 17.4 0.85 19.1 24
E:Z=36:64
2

31-(2) H;v/( 0.25 0.5 1 0.25 0.5 1 0.125
32a A 0.25 0.125 0.25 0.063 0.125 2 0.125 17.4 1.03 19.2 25
CTRX 2 1 2 0.125 0.25 1 0.125 60.8 0.64 5.49 94

"Abbreviations: see footnote in Table 2
Table 3. In vitro antibacterial activities (MIGyg/mL) and pharmacokinetic profiles of compo2x]
31-(EZ), 31-(Z2), 32a and CTRX

Compound32b with a methyl group introduced at the pyrazoleagien of compouncdt2a
showed decreased activity agaiktcatarrhalis. Compound32c with the nitrogen of the pyrazole
ring directly bonded to a pyridinium ring had comgdale activity with compoungd2a.

Next, we attempted to replace the pyrazole ringpaitother heterocyclic ring in order to further

improve the activities as well as the pharmacokinaiofiles. Compoun®2d, 32e and32f having a



pyrrole ring or methylated pyrrole with an acylcgamde did not show better activities or
pharmacokinetic profiles than those of compo8zal

Compound32g with a thiophene ring showed comparable actividycbmpound32a, and
showed low CLtot in mice. Furthermore, compoush with an isoxazole ring had improved
antibacterial activity againg¥l. catarrhalis, and showed a long-acting characteristic qp h
monkey. We also prepared compousfi and 32j having a thiazole ring. These two compounds
showed generally good antibacterial activity inahgd activity against PRSP and BLNAR.
Compound32j showed the most potent activity against BLNAR.

We investigated the relationship between pharmaetki parameters and lipophilicity and
found that ClogP [15] could predict the AUC valiesnouse with good correlation {R 0.44) as

shown inFigure 1.

S
Q
HN— ] H 1
N]\%Nj;_fs @R
3 1+
N g Nf\/\/N\
K o7 o

MIC Mouse PK Monkey PK
AUC T CLtot AUC T CLtot
R S.a. PRSP1 PRSP1 BLNAR1 BLNAR2 M.c. E.c. (ug-himl)  (hr)  (mLimin/kg) PB (%) (ug-himl)  (hr)  (mUminkg) PB (%) CLogP
~NH
32a WL)N'\/‘~cc:mm:u 0.25 0.125 0.25 0.063 0.125 2 0.125 17.4 1.03 19.2 25 35.4 4.43 0.48 73 -7.35
/
32b )",\/'}m""c" 0.5 0.125 0.5 0.063 0.25 8 0.25 21.3 0.82 13.2 41 21.8 2.96 0.81 59 -7.59

o

32¢c H,Q”"“c" 0.5 0.25 0.5 0.063 0.125 2 0.125 16.8  0.87 19.8 14 321 280 0.54 86 -7.45

NH
32d R/[//H:cuucn 0.25 0.125 0.25 0.063 0.125 8 0.125 176 093 18.9 25 20.2 4.25 0.84 70 -7.05
/
32e R/[’}COMCN 0.5 0.25 0.5 0.063 0.125 8 0.25 26.0 0.87 12.8 33 32.1 4.08 0.66 7 -6.89
NH
32f %/[({ON“CN 0.25 0.125 0.125 0.063 0.125 4 0.125 220 0.86 15.2 46 42.2 5.19 0.40 84 -6.86
N
329 > [ )~conmen 0.25 0.125 0.25 0.063 0.125 2 0.125 304 075 11.0 37 25.9 4.67 0.66 64 -6.33
o
32h R)’\f““""" 0.5 0.25 0.25 0.063 0.125 0.5 0.125 148 0.85 22,6 22 59.8 5.14 0.29 94 -7.62
S,
32i “/”:N)*CONHCN 0.5 0.125 0.25 0.063 0.25 2 0.125 27.4 074 12.2 31 48.0 5.16 0.41 7 -7.40
i -
32j R/%" conmcy 0.5 0.25 0.25 0.031 0.063 1 0.063 209 067 16.0 19 37.5 3.88 0.49 73 -7.40
CTRX 2 1 2 0.125 0.25 1 0.125 60.8 0.64 5.49 94 219 195 0.77 95

"Abbreviations: see footnote in Table 2
Table 4. In vitro antibacterial activities (MICug/mL) and pharmacokinetic profiles of compound
32a-32j and CTRX



r 35
- 30
- 25

AUC in mouse
- 20 (%)

r 15

r T T T 10
-8 -7.5 -7 -6.5 -6
clogP

Figure 1. Correlation between clogP and AUC in mouse3®2a to 32j

Next, we prepared two compounds with a cyanamidegudirectly introduced to the pyridine
ring without a hetero ring linker, and evaluatedittbiological profiles. These two compourizk
and32l, which have different substitution patterns, haddyantibacterial activity similar to those of
other compounds having a hetero ring linker. Theralv pharmacokinetics profiles of these two
compounds were not good, probably due to low liflapty, according to our hypothesis. We
considered that the second ring between pyridineunth cyanamide was necessary to increase the
lipophilicity and thereby improve the pharmacokiogtatures. From that point of view, we next
tested some compounds having lipophilic fused-siggchains at the C-3 position by using CLogP
as an index for lipohilicity .

Three derivative82m, 32n and21o with fused a pyrrole with pyridinim at the C-3 s
were prepared. These three compounds had appreinmate log higher CLogP values than those
of 32k and 32l, and showed enhanced AUC in the mouse as expectexbe Tcompounds also
maintained good antibacterial activity although #utivity of compound2n againstM. catarrhalis
was decreased. Next, we prepared comp@2pdwith thiazole as an example of one having a low
CLogP valueUnexpectedlythe AUC in mouse was relatively good. Also, comma@2q and32r
with a quinoline or isoquinoline group at the Ci@eschain did not have high AUCs in mice though
their CLogP values are the highest among thoséefiused-pyridinium ring series. Most of the
fused-pyridinium ring compounds did not show gobdrmacokinetics profiles in monkeys.

As shown above, the relationship between the phaoknaetic parameters in mouse and CLogP
among compound2k to 32r did not show any obvious correlation. This indésatthat the
pharmacokinetic features might be affected by mdy Gpophilicity but also other factors such as
acidity of the acyl cyanamide group or the distabeéwveen the acyl cyanamide group and the

cephalosporin nucleus.
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32k L 05 025 05 0063 0125 2 0.125 141 055 237 6 95 133 179 33 -7.94
s ‘CONHCN
conmen
321 o 05 025 05 0063 0125 1 0.25 146 072 229 8 9.7 122 184 41 -7.94
o
i
32m i('%un 05 025 05 0031 0125 1 0.125 236 073 141 36 98 203 174 60 -6.85
\conHeN
H
3n [T pcowew 05 025 05 0063 0125 4 0.25 304 063 109 27 209 335 080 67 -7.06
Al
g
20 " 05 025 05 0063 025 05 0125 222 064 150 33 202 435 057 94 -7.06
\conHeN
Z S,
32p R,@f“""”‘ 05 0125 025 0063 0063 05 025 237 070  14.0 41 245 28 068 84 777
CONHCN
32q C@ 05 025 05 0063 0125 2 0.125 142 073 235 3 106 152 159 58 -6.52
o
i
32r »(%\‘ 025 025 05 0031 0125 05 0125 129 095 257 10 82 174 208 37 -6.31
'ONHCN
CTRX 2 1 2 0125 0.25 1 0.125 608 064 55 94 219 195 077 95

"Abbreviations: see footnote in Table 2
Table 5. In vitro antibacterial activities (MICyg/mL) and pharmacokinetic profiles of compound
32k-32r and CTRX

The results showed that all of the compounds haotg an aminothiazole alkoxyimino group
at the C-7 position and a cyanamide group at th@&ipyum ring via the propenyl group at the
3-position of cephalosporins displayed potent aatibrial activity against BLNAR, PRSP, a&d
aureus. Also, the activity againsi. catarrhalis was affected by the functional group and the
substitution pattern of the pyridinium group at €8 position. Introduction of a heteroaromatic
ring between the pyridinium ring and the cyanangdeup led to enhancement of PB and thereby
resulted in good pharmacokinetic features comparttda direct connection.

After consideration of antibacterial activity anldet pharmacokinetics profile in mice and
monkeys, compoun@2j was selected for further detailed evaluation. Tdospound had water
solubility good enough to use as an injection dalmpwing more than 10% solubility in saline.

The results of the in vivo efficacy @&2j and CTRX againsP. pneumoniae in the mouse
systemic infection model are shown in Table 6. Bhains used for the infection model were
penicillin-susceptibld®. pneumoniae SR16605 and penicillin-resistaAtpneumoniae SR16754. The
efficacy of each compound was expressed as 50%tigdalose (ERy), which was calculated from

the number of mice surviving at 7 days after ing@tct Compound32j was 2 or 3 times more



effective, respectively, than CTRX against PSSPREP when the MIC values were aligned.

S.peumoniae S.peumoniae
SR16605(PSSP) SR16754(PRSP)
Compound MIC ED50 MIC ED50
p (ug/ml) (mg/kg) (ug/ml) (mg/kg)
32j 0.008 0.017 0.25 0.71
CTRX 0.016 0.11 1 5.65

Table 6. In vivo efficacy 0f32] in the mouse systemic infection model

4. Conclusion

Chemical modification of the side chains was coieflicat the C-3 or C-7 position of
cephalosporins having an acyl cyanamide group, thedbiological properties of the resulting
compounds were evaluated. Many compounds exhibgedd antibacterial activity against
Gram-positive and Gram-negative bacteria includt®SP and BLNAR. Introducing a propenyl
group between the cephalosporin core and the 3esidim improved the pharmacokinetics profiles.
The relationship between lipophilicity and pharmidanstic profiles was also investigated. We could
not identify a clear correlation for all compourgtepared, but higher CLogP values as a parameter
of lipophilicity led to improved AUCSs in mice in ¢hhetero-ring linker series.

Among the compounds prepared, compouB?] showed potent and well-balanced
antibacterial activity including against PRSP arldNBR, and showed a better pharmacokinetics
profile in monkeys compared to CTRX. Furthermaneyivo evaluation of mice with this compound
against penicillin-susceptible and -resist&npneumoniae resulted in excellent therapeutic efficacy

that reflected the in vitro activity and pharmacwkics profiles.
5. Experimental

'H NMR (300MHz) was recorded on a Varian Gemini 3@@ctrometer. Chemical shifts are
reported in ppm using tetramethylsilane (TMS) asnéernal standard. HR-FAB/MS were recorded
on a JEOL LMS-SX/SX102A. Column chromatography wasformed with Merck silica gel 60
(230-400 mesh).
5.1. Synthesis of C-7 sidechain

Compoundb and6 were prepared by a known procedure [12].

5.1.1. (Z)-2-(2-((tert-Butoxycar bonyl)amino)thiazol-4-yl)-2-(propoxyimino)acetic acid (9). To a
solution of7 (4.08 g, 15.0 mmol) in MeOH (30 ml) was addedtlgamine (2.29 ml, 16.5 mmol)



and O-propylhydroxylamine hydrochloride (1.84 g,5L6mol) and then the mixture was stirred at
room temperature for 1 h 40 min. The mixture wasceatrated and the residue obtained was
poured into dilute hydrochloric acid. The mixturasiextracted with ethyl acetate and the combined
organic layer was washed with,® and brine, dried over MgSQfiltered, and evaporated.
2-Propanol was added to the residual solid, whiels wollected by filtration and dried to gige
(3.95 g, 80%) as a crystalline solfti-NMR (CDCk) &: 0.95 (3H, tJ = 7.4 Hz), 1.59 (9H, s), 1.77
(2H, dt,J=14.2, 7.1 Hz), 4.24 (2H,3,= 6.7 Hz), 7.36 (1H, s).

CompoundlO and11 were prepared by the procedure used for comp8und

5.1.2. (2)-2-(2-((tert-Butoxycar bonyl)amino)thiazol-4-yl)-2-(fluor oethoxyimino)acetic acid (10).
Crystalline solid, 76% yield"H-NMR (CDCk) &: 1.56 (9H, dJ = 8.6 Hz), 4.49 (2H, dt] = 28.3,
3.9 Hz), 4.69 (2H, dtj = 47.6, 4.1 Hz), 7.33 (1H, s).

5.1.3. (Z2)-2-(2-((tert-Butoxycar bonyl)amino)-5-chlorothiazol-4-yl)-2-(ethoxyimino)acetic acid
(11). Crystalline solid, 78% yield:H-NMR (CDC}) &: 1.36 (3H, tJ = 7.0 Hz), 1.57 (8H, s), 4.30
(2H, q,J= 7.0 Hz).

5.2. Introduction of C-7 side chain
Compoundl2 was prepared by a known procedure [16].

5.2.1. Compound 14. (Step 1) To a suspension ®f(1.65 g, 5.0 mmol)1 (2.03 g, 5 mmol) and
phenyl phosphorodichloridate (0.891 ml, 6 mmol) EWOAc (25 ml) was added dropwise
N-methylmorpholine (2.20 ml, 20.0 mmol) for 5 mih a

-20°C and then the mixture was stirred at -20°CIfdr 35 min. To the mixture was added dilute
hydrochloric acid and additional EtOAc. The orgalaiger was separated and washed wit ldnd
brine, dried over MgS§) filtered, and evaporated. The obtained residus puaified by column
chromatography on silica gel to obtain an intermedihaving a chloromethyl group at the C-3
position of cephalosporin. (3.00 g, 88%) as a fo4tNMR (CDCL) &: 0.99 (3H, t,J = 7.5 Hz),
1.58 (9H, s), 1.78-1.83 (2H, m), 3.54, 3.72 (2H,qAB= 24.4 Hz), 3.86 (3H, s), 4.29 (2HJt= 6.8
Hz), 4.48, 4.61 (2H, ABg) = 15.8 Hz), 5.10 (1H, d] = 5.0 Hz), 5.25, 5.30 (2H, dd,= 15.6 Hz),
6.04 (1H, ddJ = 9.0, 4.9 Hz), 6.95 (2H, d,= 8.5 Hz), 7.20-7.41 (6H, m).

(Step 2) To a solution of above obtained interntedi2.97 g, 14.4 mmol) in THF (30 ml) was added
sodium iodide (1,97 g, 13.1 mmol) at 15°C and tthenmixture was stirred at 15°C for 30 min. To



the mixture was added aqueous p@asSsolution and the mixture was extracted with etigétate.
The organic layer was separated and washed suoelgssith H,O and brine, dried over MgS0O
filtered, and evaporated to gitd as a foam:H-NMR (CDCk) &: 1.00 (3H, tJ = 7.5 Hz), 1.58 (9H,
s), 1.75-1.87 (2H, m), 3.57, 3.83 (2H, AR 24.4 Hz ), 3.86 (3H, d = 1.7 Hz), 4.30 (2H, §J =

6.9 Hz), 4.41, 4.45 (2H, ABd, = 12.2 Hz), 5.09 (1H, dl = 4.9 Hz), 5.27, 5.32 (2H, ABd,= 15.8
Hz), 5.99 (1H, ddJ = 8.9, 4.9 Hz), 6.96 (2H, d,= 8.4 Hz), 7.30-7.38 (4H, m), 8.41 (1H, s).

CompoundL3, 15 and16 were prepared by the procedure used for compadnd

5.2.2. Compound 13. Foam, 89% vyield in two step%4-NMR (CDCL) &: 1.35 (3H, t,J = 7.1 Hz),
1.54 (9H, s), 3.53, 3.79 (2H, ABd~= 18.6 Hz), 3.82 (3H, s), 4.35 (2H, q, t = 6.8 HEB6, 4.41 (2H,
ABq, J = 9.40 Hz), 5.05 (1H,d,= 4.9 Hz), 5.22, 5.27 (2H, ABd,= 11.8 Hz), 5.95 (1H, dd,= 9.0,
4.9 Hz), 6.91 (2H, d) = 8.4 Hz), 7.22 (1H, d] = 8.8 Hz), 7.31 (1H, s), 7.37 (2H, = 8.4 Hz),
8.39 (1H, s).

5.2.3. Compound 15. Foam, 97% vyield in two step84-NMR (CDCEk) &: 1.58 (9H, s), 3.56, 3.82
(2H, ABqg.J = 24.0 Hz), 3.86 (3H, s), 4.43 (2H, s), 4.57 (& J = 27.9, 4.1 Hz), 4.74 (2H, di,=
47.3, 4.2 Hz), 5.10 (1H, d,= 5.0 Hz), 5.26, 5.32 (2H, ABg,= 15.8 Hz), 5.99 (1H, dd,= 8.9, 4.9
Hz), 6.95 (2H, dJ = 8.7 Hz), 7.27-7.31 (1H, m), 7.34 (1H, s), 7.2H(d,J = 8.5 Hz).

5.2.4. Compound 16. Foam, 93% vyield in two step%4-NMR (CDCL) &: 1.41 (3H, tJ = 7.0 Hz),
1.57 (9H, s), 3.83, 3.37 (2H, AB3~20.0 Hz), 3.86 (3H, s), 4.36-4.47 (4H, m), 5.0A(d,J = 5.0
Hz), 5.25, 5.34 (2H, ABq) =13.6 Hz), 5.99 (1H, dd, = 8.9, 5.0 Hz), 6.95 (2H, d,= 7.9 Hz), 7.41
(2H, d,J = 8.2 Hz), 7.50 (1H, d] = 9.0 Hz), 8.45 (1H, s).

Compoundl7-(Z) and17-(E) were prepared by the procedure in Step 1 for comgpadd.

5.25. Compound 17-(Z). Foam, 86% yield. This compound contained appratéty 0.15
equivalent ofl7-(E). *H-NMR (CDCk) &: 1.37(3H, t, J = 7.1Hz), 1.54(9H, s), 3.30-3.90(4h),
4.38(2H, g, J = 7.1Hz), 5.12(0.16H, d, J = 4.9 136 (0.84H, d, J = 4.9Hz), 5.64(1H, m), 6.06(1H,
m), 6.23(0.84H, d, J = 11.4Hz), 6.93-6.99 (m, H)O{0.16H, d, J = 15.0Hz), 7.20-7.50(11H, m)

5.2.6. Compound 17-(E). Foam, quantitative yieldH-NMR (CDCkL) &: 1.41 (3H, tJ = 7.0 Hz),
1.57 (9H, s), 3.83, 3.37 (2H, AB3~=20.0 Hz), 3.86 (3H, s), 4.36-4.47 (4H, m), 5.0A(d,J = 5.0
Hz), 5.25, 5.34 (2H, ABq) =13.6 Hz), 5.99 (1H, dd, = 8.9, 5.0 Hz), 6.95 (2H, d,= 7.9 Hz), 7.41
(2H, d,J = 8.2 Hz), 7.50 (1H, d] = 9.0 Hz), 8.45 (1H, s).



5.3. Synthesis of C-3 sidechain

5.3.1. Compound 19f. (Method A) To a suspension d8f (1.16 g, 5.74 mmol) in DMF (10 ml) was
added CDI (973 mg, 6 mmol) and then the mixture gtaged at room temperature for 40 min. To
the mixture was added sodium cyanamide (845 mdl fh8nol), followed by stirring at room
temperature for 1 h. The mixture was then dilutetth \W,O, and the pH was adjusted to 6.1 with 2
M/L hydrochloric acid, and the precipitated solidsiiltered. The solid obtained was suspended in
MeOH and the pH was adjusted to 6.1 with 1 M/L Me@eOH, and then evaporated to give
compoundl9f (1.33 g, 93%) as a solitH-NMR (DMSO-Dy) &: 2.51 (3H, s), 7.06 (1H, s), 7.42 (2H,
d,J=4.6 Hz), 8.47 (2H, d] = 4.6 Hz).

Compoundl9a, 19e and19r were prepared by the procedure used for compa8hdnd compound
19c¢, 19m and 19n by that used for compourtdf, except for the transformation process of free

cyanamide to sodium salt.

5.3.2. Compound 19a. Solid, 69% vyieldH-NMR (dg-DMSO) &: 7.08(1H, s), 7.79(2H, d, J = 6.0
Hz), 8.56(1H, d, J = 6.3Hz).

5.3.3. Compound 19c. Solid, 98% yield*H-NMR (de-DMS0) &: 7.17 (1H, d, J = 2.7 Hz), 8.05 (2H,
dd,J=1.5,4.8 Hz), 8.78 (2H, dd, J = 1.8, 4.8,1890 (1H, d, J = 2.7 Hz).

5.3.4. Compound 19e. Solid, 68% vyield.'"H-NMR (ds-DMSO) &: 4.88(1H, s), 6.99(1H, d, J =
2.1Hz), 7.46(3H, m), 8.40(2H, d, J = 6.0H2).

5.3.5. Compound 19m. A pale pink solid, 58% yieldH-NMR (de-DMS0) 8: 7.01 (1H, s), 7.63 (1H,
dd, J=5.7, 8.1 Hz), 8.40 (1H, d, J = 8.1 Hz)58§ 1, d, J = 5.7 Hz), 12.8 (1H, brs).

5.3.6. Compound 19n. An ocherous solid, 87% yieldH-NMR (de-DMSO) &: 7.24 (1H, s), 7.79
(1H, d, J = 6.9 Hz), 8.37 (1H, d, J = 6.9 Hz), %(PH, s), 12.9 (1H, brs).

5.3.7. Compound 19r. Solid, 72% yield'H-NMR (DMSO-Dy) &: 7.55 (1H, ddJ = 8.2, 4.1 Hz),
7.95 (1H, dJ=8.9 Hz), 8.31 (1H, ddl = 8.7, 1.8 Hz), 8.48 (1H, d,= 8.2 Hz), 8,57 (1H, d]= 1.7

Hz), 8.92 (1H, ddJ = 4.2, 1.8 Hz).

5.3.8. Compound 19h. (Method B) To a solution of8h (27.96 g, 128 mmol) in MeOH (300 ml)



was added sodium cyanamide (9.8 g, 148 mmol),vi@tbby stirring at room temperature for 1.5 h.
The mixture was concentrated to 50 ml, and therOHPwas added. The resulting precipitate was
filtered and dried to givéoh (31.5 g, 82%) as a solitH-NMR (d-DMSO) &: 7.43(1H, s), 7.89(2H,

d, J =6.0 Hz), 8.73(2H, d, J = 6.0Hz).

Compoundl9g, 19i, 19j, 19k, 191, 19p and19q were prepared by the procedure used for compound
19h, and compound9b was prepared by that used for compo8ld, except for the transformation

process of free cyanamide into sodium salt.

5.3.9. Compound 19b. Solid, 74% yield! H-NMR (ds-DMSO) &: 4.20 (3H, s), 7.50 (1H, s), 8.29
(2H, brs), 8.81 (2H, brs).

5.3.10. Compound 19g. A pale brown solid, 55% yield. H-NMR (d-DMSO) &: 7.71(2H, d, J =
6.3Hz), 7.90(1H, d, J = 1.5 Hz), 8.12(1H, d, J8HLk), 8.55(2H, d, J = 6.0Hz).

5.3.11. Compound 19i. A white solid, 51% vyield! -NMR (d-DMS0) 5: 7.91 (2H, dd, J = 1.5, 4.5
Hz), 8.43 (1H, s), 8.63 (2H,dd, J =1.5,45Hz .

5.3.12. Compound 19j. An ocherous solid, 86% yieldH-NMR (ds-DMSO) &: 7.89 (2H, dd, J = 1.8,
4.5 Hz), 8.18 (1H, s), 8.70 (2H, dd, J = 1.8, 44.H

5.3.13. Compound 19k. Solid, 61% yield’H-NMR (ds-DMSO) &: 7.30 — 7.34 (1H, m), 8.14 — 8.18
(1H, m), 8.52 - 54 (1H, m), 9.00 (1H, m).

5.3.14. Compound 191. Solid, 56% yield*H-NMR (ds-DMSO) &: 7.74 (2H, dd, J = 1.5, 4.5 Hz),
8.55 (2H, dd, J = 1.5, 4.5 Hz).

5.3.15. Compound 19p. Solid, 49% vyield! H-NMR (ds-DMSO) 8: 8.13 (1H, dd, J = 0.9, 5.4 Hz),
8.52 (1H, d, J =5.4 Hz), 9.29 (1H, d, J = 0.9 Hz).

5.3.16. Compound 19q. Solid, 75% yield. This compound was a 1:1 mixtafehe corresponding
compound having carboxylic acid instead of acylnamaide *H-NMR (DMSO-Dg) &: 7.58-7.62 (1H,
m), 7.97-8.21 (2H, m), 8.41-8.47 (1H, m), 8.84-8(88, m), 9.22-9.27 (1H, m).

5.3.17. Compound 21 This compound was prepared by the procedure useddmpoundlof,

except for the transformation process of free cyada to sodium salt. A yellow green powder, 99%



yield. *H-NMR (de-DMSO0) 8: 1.11 (9H, s), 6.32 (2H, s), 7.43 (1H, d, J =HB , 7.96 (2H, d, J =
6.6 Hz), 8.09 (1H, d, J = 1.8 Hz), 8.64 (2H, d, 6.6 Hz).

5.3.18. Compound 19d. To a suspension &1 (50.2 g, 154 mmol) in MeOH (1000 ml) was added
dropwise 2 N NaOH (385 ml, 770 mmol), and thenrttieture was stirred at room temperature for 1
h. The pH of the mixture was adjusted to 7.0 witN 21Cl (385 ml, 770 mmol). The mixture was
concentrated to remove MeOH, and the solid thatipitated was obtained by filtration. The
precipitate was washed successively wig©OH2-propanol, and ED. Finally, the precipitate was
dried to give22 (32 g, 98%) as a white solitH-NMR (dg-DMSO) &: 7.29 (1H, s), 7.88 (1H, m),
7.96 (2H, d, J =6.8 Hz), 8.58 (2H, d, J = 6.2 H2.2 (1H, m).

To a suspension 22 (32 g, 152 mmol) in MeOH (60 ml) was added dropwik14 M/L
MeONa/MeOH (135 ml, 154 mmol) at 0°C and then thetune was stirred at 0°C for 10 min. To
the mixture was added 2-propanol (350 ml), followsdconcentration of the mixture to remove
MeOH and then filtration to obtain the precipitatedlid. The solid obtained was washed
successively with 2-propanol, and@t The precipitate was dried to git@d (35.6 g, 100%) as a
pale yellow solid™H-NMR (ds-DMS0) &: 6.91 (1H, m), 7.39 (1H, m), 7.53 (2H, d, J = B£), 8.39
(2H, d, J = 5.8 Hz), 11.44 (1H, m).

5.3.19. Compound 24 This compound was prepared by the procedure useddmpoundlof,
except for the transform process of free cyanartidgodium salt, 88% yieldH-NMR (CDCL) &:
7.08 (1H, s), 7.21 (1H, dd, J = 4.2, 7.8 Hz), =4B57 (3H, m), 7.85 (1H, d, J = 7.8 Hz), 8.24 (2H,
d,J=7.5Hz),852(1H,d,J=4.2 Hz.

5.3.20. Compound 190. To a solution o4 (1.41 g, 4.32 mmol) in EtOH (14 ml) was added 2 N
NaOH (10.8 ml, 21.6 mmol) and then the mixture wtised at room temperature for 4 h. To the
mixture was added 2 M/L HCI (14 ml, 28 mmol) at 0°The resulting precipitate was filtered and
dried under reduced pressure to gde(567 mg, 70%)H-NMR (ds-DMSO) &: 7.20 (1H, dd, J =
4.5, 7.8 Hz), 7.33 (1H, s) , 8.20 (1H, dd, J = 7.8,Hz), 8.44 (1H, brd, J = 4.5 Hz).

To a suspension @& (448 mg, 2.42 mmol) in MeOH (9 ml) was added 1 MleONa/MeOH
(2.4 ml, 2.4 mmol) followed by evaporation to gil®o (552 mg, 110%)*H-NMR (dg-DMSO) 5:
6.76 (1H, s), 7.03 (1H, dd, J = 4.5, 7.8 Hz), 194, d, J = 7.8 Hz), 8.22 (1H, d, J = 4.5 Hz), 11.6
(1H, br).

5.4. Introduction of C-3 side chain and deprotection

5.4.1. Compound 28. To a solution ofl4 (772 mg, 1.0 mmol) in DMSO (2 ml) was adde3h (235



mg, 1.0 mmol) and then the mixture was stirredoaint temperature for 1 h. The mixture was
poured into 5% NaCl in D at 0°C. The resulting precipitate was filteredOHwvas added, and
lyophilization was done to obtain a coupled intediate (843 mg, 98%).

To a solution of the above intermediate (833 m@7 ®nmol) and anisole (0.97 ml, 8.9 mmol) in
CHCI; (10 ml) was added 1 M/L AIGICH3NO, (5.82 ml, 5.82 mmol) at -20°C and then the
mixture was stirred at -20°C for 30 min. The mixtuvas poured into 0.3 M/L aqueous HCI (20 ml)
and MeCN (20 ml) at 0°C, and then this was addaePigO (40 ml). The resulting oily residue and
supernatant liquid were separated by decantatibe.stipernatant liquid was separated to obtain the
agqueous phase. The oily residue was dissolved aslumg aqueous HCIl and MeCN, and combined
with the above aqueous phase. To the aqueous soldiégon was added HP20SS and the mixture
was concentrated, charged onto an HP20SS colurdrcranmatographed with aqueous MeCN. The
fractions containing the desired product were ctdlé, concentrated and lyophilized to gi8(338
mg, 55%) as a powdeitd-NMR (DMSO-Dy) &: 0.90 (3H, tJ = 7.4 Hz), 1.60 (2H, td] = 14.2, 7.2
Hz), 3.44, 3.55 (2H, ABq] = 18.3 Hz), 3.97 (2H, t] = 6.6 Hz), 5.20 (1H, d] = 5.0 Hz), 5.39, 5.51
(2H, ABq,J = 14.9 Hz), 5.89 (1H, dd, = 8.1, 4.9 Hz), 6.68 (1H, s), 7.21 (2H, s), 7.4KA(s), 8.51
(2H, d,J=7.0 Hz), 8.91 (2H, d = 6.7 Hz), 9.61 (1H, d] = 8.1 Hz).

Compound?6, 27, 29 and30 were prepared by the procedure used for compa8nd

5.4.2. Compound 26. A pale yellow powder, 30% yieldH-NMR (D,0) &: 3.22, 3.71 (2H, ABqgJ =
18.0 Hz), 3.87 (3H, s), 5.28 (1H, 3= 4.8 Hz), 5.22, 5.55 (2H, ABd,= 14.4 Hz), 5.77 (1H, d =
4.7 Hz), 6.76 (1H, s), 7.16 (1H, s), 8.22 (2HJ &, 6.0 Hz), 8.90 (2H, d] = 6.3 Hz).

5.4.3. Compound 27. A pale yellow powder, 52% yield*"H-NMR (D,0) 8: 1.22 (3H, tJ = 7.2 Hz),
3.24,3.69 (2H, ABqJ = 18.0 Hz), 4.15 (2H, ¢} = 6.6 Hz), 5.28 (1H, d] = 4.8 Hz), 5.26, 5.54 (2H,
ABg, J = 14.6 Hz), 5.80 (1H, dl = 4.5 Hz), 6.81 (1H, s), 7.23 (1H, s), 8.26 (2HJ d 7.0 Hz), 8.90
(2H, d,J = 6.7 Hz).

5.4.4. Compound 29. Powder, 57% yield*H-NMR (DMSO-Dy) &: 3.43, 3.57 (2H, ABg) = 18.3
Hz), 4.26 (2H, dtJ = 29.7, 3.9 Hz), 4.62 (2H, di,= 47.8, 4.0 Hz), 5.22 (1H, d,= 4.9 Hz), 5.39,
5.52 (2H, ABqg,J = 14.6 Hz), 5.90 (1H, dd,= 8.1, 4.9 Hz), 6.74 (1H, s), 7.23 (2H, s), 7.4HA(S),
8.51 (2H, dJ = 6.9 Hz), 8.92 (2H, d = 6.9 Hz), 9.67 (1H, d] = 8.1 Hz).

5.4.5. Compound 30. Powder, 52% yield*H-NMR (DMSO-D) &: 1.21 (3H, t,J = 7.0 Hz), 3.43,
3.54 (2H, ABgJ = 18.2 Hz), 4.08 (2H, ¢l = 7.0 Hz), 5.18 (1H, d] = 5.0 Hz), 5.48, 5.51 (2H, ABq,
J=12.5Hz), 5.87 (1H, dd,= 8.5, 4.9 Hz), 7.37 (2H, s), 7.47 (1H, s), 8.8#(d,J = 6.9 Hz), 8.92



(2H, d,J = 6.7 Hz), 9.58 (1H, d] = 8.5 Hz).

5.4.6. Compound 31-(EZ). To a solution ofl7-(Z) (700 mg, 0.95 mmoland 19a (245 mg, 1.0
mmol) in DMA (2.6 ml) was added NaBr (245 mg, 1.0nal) at 0°C and then stirred at room
temperature for 5 h. The mixture was poured ird® K20 ml). The resulting precipitate was filtered,
washed with BED, and dried under reduced pressure to give theleduntermediate (630 mg,
73%).

To a solution of the above intermediate (630 mg9 @nmol) and anisole (0.47 ml, 4.1 mmol) in
CH.CI, (8 ml) was added 2 M/L AIGICH;NO, (2.07 ml, 4.13 mmol) at -20°C and then the mixture
was stirred at -20°C for 40 min. The mixture wasned into 0.3 N aqueous HCI (25 ml) and MeCN
(25 ml) at 0°C and then this was added tgOE25 ml). The mixture was separated to obtain the
aqueous phase. To the aqueous crude solution wlas &P20SS, and the mixture was concentrated,
charged onto HP20SS column, and chromatographédagiieous MeCN. The fractions containing
the desired product were collected, concentratedyaphilized to give31-(EZ) (225 mg, 50%) as
an ocherous powder. The geometric isomer ratichisf tompound wa&:Z = 36:64.'H- NMR
(D,0) &: 1.18 (3H, m), 3.28-3.61(2H, m), 4.14 (2H, m),6+R19 (3H, m), 5.68 and 5.72 (1H, d, J
=4 5Hz), 5.79 and 6.04 (1H, m), 6.41 (0.64H, d,1D.8Hz), 6.82 and 6.83 (1H, s), 6.92 (0.36H, d,
J = 17.7Hz), 7.07 and 7.10 (1H, s), 8.13 (2H, my78nd 8.63 ( 1H, d, J = 6.6Hz). IR (KBr)
cm™:3418, 2979, 2164, 1763, 1637, 1603, 1532, 1473914396, 1348, 1207. MS(FAB): 649
(M-Na+2H)'". Anal. Calcd for GgH,3N100sS,Na-3.9HO: C, 43.77; H, 4.19; N, 18.90; S, 8.66; Na,
3.10 (%). Found: C, 43.73; H, 3.95; N, 29.18; 838Na, 3.36 (%).

5.4.7. Compound 31-(2). The 31-(EZ) (E:Z = 25:75) was prepared separately by the procedure
described above. The mixture was dissolved in agguétaHCQ solution and chromatographed
with agueous MeCN. The fractions containing tharddsproduct were collected, concentrated and
lyophilized to give31-(Z) (39 mg, 6%) as a white powdéH H-NMR (D,0) & 1.30 (3H, t, J =
7.2Hz), 3.43, 3.67 (2H, ABq, J = 17.7 Hz), 4.26 (2}1J = 7.5Hz), 5.06-5.29 (2H, m), 5.30 (1H, d, J
= 2.7Hz) , 5.83 (1H, m), 5.90 (1H, m), 5.51 (1HJd& 11.1Hz), 6.98 (1H, s), 7.32 (1H, s), 8.29 (2H,
m), 8.69 (2H, d, J = 5.7Hz).

5.4.8. Compound 32a. To a solution ofL7-(Z) (3.69 g, 5 mmol) in DMF (5 ml) was added NaBr
(2.57 g, 25 mmol) and then the mixture was stiaetbom temperature for 5 h. Isomerization to the
trans form of geometry at the C3-position propagrgup was confirmed by NMR analysis. To the
mixture was addeti9a (1.18 g, 5 mmol) at 0°C and the mixture was theresl at 0°C for 18 h. The
mixture was poured into 5% NaCl in,® (200 ml) at 0°C. The resulting precipitate wéerfed, and
dried to give the coupled intermediate. (4.60 %N



To a solution of the above intermediate (4.60 gnrol) and anisole (5.0 ml, 46 mmol) in
CH.CI, (30 ml) was added 2 M/L Ti@ICH,CI; 15 ml, 30 mmol) at -20°C and then the solution was
stirred at -20°C for 30 min. The mixture was pounaid 0.3 N aqueous HCI (100 ml) and i-Pr20
(100 ml) at 0°C, and the resulting precipitate Whsred. The obtained precipitate was dissolved in
dilute aqueous HCI| and MeCN. To the crude solutias added HP20SS and the mixture was
concentrated, charged onto HP20SS column, and ctognaphed with aqueous MeCN. The
fractions containing the desired product were ct#lé, concentrated and lyophilized to give a solid
(0.59 g, 0.91 mmol). The obtained solid was dissdlin NaHCQ (76 mg, 0.91 mmol) solution in
H,O (20 ml), and lyophilized to givé2a (614 mg, 18%)'H-NMR (D,0) &: 1.28 (3H, tJ = 7.1 Hz),
3.66, 3.70 (2H, ABqgJ = 17.9 Hz), 4.22 (2H, g} = 7.0 Hz), 5.25-5.27 (3H, m), 5.80 (1H,Xk 4.7
Hz), 6.08-6.18 (1H, m), 6.93 (1H, s), 6.98 (2HJ & 15.6 Hz), 7.23 (1H, s), 8.25 (2H,X5 6.4 Hz),
8.76 (2H, d,J = 6.6 Hz). IR (KBr) cri:3419, 2967, 1762, 1634, 1527, 1474, 1431, 13589.12
MS(ESI): 649 (M-Na+2H)". Anal. Calcd for GH2aNsO;S,Na-3.6 HO-0.7NaHC@ C, 44.11; H,
4.13; N, 11.14; S, 8.50; Na, 5.18 (%). Found: C843H, 4.01; N, 11.47; S, 8.41; Na, 5.24 (%).

Compound32h, 32i, 32j and32p were prepared by the procedure used for comp8ad

5.4.9. Compound 32h. Powder, 14% yield*H-NMR (D,0) &: 1.27 (3H, t, J = 7.1), 3.67 (2H, s),
4.22 (2H,9,J=7.1),5.26 (1H, d, J = 4.5 Hz),7/5BH, d, J = 6.9 Hz), 5.80 (1H, d, J = 4.5 HZ}.26.
(1H, dt, J = 6.9, 15.6 Hz), 6.92 (1H, s), 7.02 (1) = 15.6 Hz), 7.47 (1H, s), 8.47 (2H, d, J& 6.
Hz), 8.99 (2H, d, J = 6.6). IR (KBr) cm3411, 2982, 2171, 1763, 1607, 1561, 1532, 144391
1389, 1357, 1299, 1201, 1150, 1091, 1034, 1000.B88( 650 (M-Na+2H)". Anal. Calcd for
CoH2NgNaG;S;-4.9 HO: C, 42.67; H, 4.22; N, 16.59; S, 8.44; Na, 3.98.(Found: C, 42.60;
H,4.03; N, 16.41; S, 9.04; Na, 3.46 (%).

5.4.10. Compound 32i. Powder, 4% yield"H-NMR (D,0) &: 1.27 (3H, t, J = 6.9 Hz), 3.65 (1H, d, J
= 17.4 Hz), 3.72 (1H, d, J = 17.4 Hz), 4.22 (2H,&; 6.9 Hz), 5.25 - 5.30 (2H, m), 5.80 (1H, d, J =
4.8 Hz), 6.14 (1H, dt, J = 7.2, 15.3 Hz), 6.92 ($),7.00 (1H, d, J = 15.3 Hz), 8.39 (1H, d, J& 6.
Hz), 8.56 (1H, s), 8.81 (2H, d, J = 6.9 Hz). IR #Bm™": 3419, 2983, 2183, 2154, 1763, 1636, 1602,
1532, 1491, 1461, 1364, 1291, 1203, 1155, 10906,10301. MS(ESI): 689M+H)". Anal. Calcd

for Co7H0NgNaGsS:-4.9 HO-0.1 NaHC@ C, 41.50; H, 4.10; N, 16.07; S, 12.26; Na, 3.2.(
Found: C, 41.40; H, 3.96; N, 16.22; S, 12.31; Na23%).

5.4.11. Compound 32j. Powder, 7% yield"H-NMR (D,0) &: 1.28 (3H, t, J = 7.2 Hz), 3.65 (1H, d, J
=17.4 Hz), 3.71 (1H, d, J = 17.4 Hz), 4.22 (2H,4; 7.2 Hz), 5.26 (1H, d, J = 4.5 Hz), 5.33 (1H, d,



J = 6.9 Hz), 5.80 (1H, d, J = 4.5 Hz), 6.14 (1H,X 6.9, 15.3 Hz), 6.93 (1H, s), 7.01 (1H, d, J =
15.3 Hz), 8.40 (1H, s), 8.47 (2H, d, J = 6.9 HZ918(2H, d, J = 6.9 Hz). IR (KBr) ¢fn 3846, 3418,
3055, 2984, 2162, 1762, 1635, 1598, 1532, 14690,14357, 1300, 1203, 1156, 1124, 1091, 1037,
1002. MS(ESI): 688(M+H)*. Anal. Calcd for GH»NoNaOsSs 5.3 HO: C, 41.41; H, 4.20; N,
16.10; S, 12.28; Na, 2.94 (%). Found: C, 41.314H0; N, 16.08; S, 12.36; Na, 3.24 (%).

5.4.12. Compound 32p. Powder, 7% yield"H-NMR (D,0) &: 1.28 (3H, t, J = 7.2 Hz), 3.67 (2H, s),
4.22 (2H,q, J = 7.2 Hz), 5.26 (1H, d, J = 4.5 H&z47 (1H, d, J = 6.6 Hz), 5.80 (1H, d, J = 4.8 Hz),
6.17 (1H, dt, J = 6.6, 15.6 Hz), 6.93 (1H, s), 103, d, J = 15.6 Hz), 8.67 (1H, d, J = 6.6 Hz)48.
(1H, d, J = 6.6 Hz), 9.72 (1H, s). IR (KBr) ¢mB3425, 2180, 1762, 1606, 1532, 1363, 1304, 1200,
1166, 1123, 1084, 1036. MS(ESI): 6G®1+H)" . Anal. Calcd for GHygNgNaGsS;-3.9 HO: C,
41.02; H, 3.83; N, 17.22; S, 13.14; Na, 3.14 (%urd: C, 40.98; H, 3.72; N, 17.21; S, 13.11; Na,
3.47 (%).

5.4.13. Compound 32b. To a suspension dBb (369 mg, 1.62 mmol) in MeOH (3 ml) was added 1
M/L MeONa/MeOH (1.62 ml, 1.62 mmol) and then thextuie was evaporated to give the sodium
salt of 19b (455 mg, 119%). The title compound was preparethbyprocedure used for compound
32a with the sodium salt af9b. Powder, 17% yieldH-NMR (D,0) &: 1.28 (3H, t, J = 7.2 Hz), 3.64
(1H, d, J = 17.7 Hz), 3.71 (1H, d, J = 17.7 Hz},143H, s), 4.22 (2H, g, J = 7.2 Hz), 5.25 — 5.26
(2H, m), 5.80 (1H, d, J = 4.5 Hz), 6.12 (1H, dt 8.9, 15.6 Hz), 6.91 (1H, s ), 6.99 (1H, d, J 615
Hz), 7.23 (1H, s), 8.22 (2H, d, J = 7.2 Hz), 8.9RA(d, J = 7.2 Hz). IR (KBr) cth 3419, 2980, 2186,
2151, 1764, 1636, 1604, 1522, 1475, 1437, 13887,1B301, 1201, 1155, 1035, 1001. MS(ESI):
663" (M-Na+2H)". Anal. Calcd for GgHosN1oNaGsS, 4.6 HO: C, 43.81; H, 4.49; N, 18.25; S, 8.36;
Na, 3.00 (%). Found: C,4 3.81; H, 4.28; N, 18.153.84; Na, 3.26 (%).

5.4.14. Compound 32m. This compound was prepared by the procedure fesecbmpound32b.
Powder, 12% yield*H-NMR (D,0) &: 1.27 (3H, t, J = 6.9 Hz), 3.62 (2H, s), 4.22 @H] = 6.9 Hz),
5.22 (1H, d, J = 4.8 Hz), 5.43 (2H, d, J = 6.3 Hz]J9 (1H, d, J = 4.8 Hz), 6.15 (1H, dt, J = 6391
Hz), 6.87 (1H, d, J = 15.9 Hz), 6.93 (1H, s), 7(28, s), 7.69 (1H, dd, J = 6.0, 8.5 Hz), 8.48 (iH,

J = 8.5 Hz), 8.59 (1H, d, J = 6.0 Hz). IR (KBr) tnB409, 2984, 2164, 1762, 1664, 1592, 1532,
1460, 1335, 1201, 1160, 1122, 1091, 1036. MS(E®®¥4 (M+H)". Anal. Calcd for
CaeH2NgNaGsS;- 4.3 HO-0.2 NaHC@ C, 42.65; H, 4.21; N, 17.08; S, 8.69; Na, 3.74.(Found:

C, 42.66 ; H, 4.13; N, 16.87; S,9.18; Na, 3.77 (%).

5.4.15. Compound 32g. To a solution ofL7-(E) (738 mg, 1 mmol) and9g (251 mg, 1 mmol) in

DMF (2 ml) was added NaBr (307 mg, 3 mmol) and thlkee mixture was stirred at room



temperature for 4 h 20 min. The mixture was pourgd 5% NaCl in HO (30 ml) at 0°C. The
resulting precipitate was filtered ,8 was added, and lyophilization gave the couplégiinediate.
(851 mg, 102%).

To a solution of the above intermediate (845 mgartol) and anisole (1 ml, 7.77 mmol) in
CH.CI, (5 ml) was added 2 M/L TiICH,Cl, 3 ml, 6 mmol) at -30°C and then the mixture was
stirred at -30°C for 1 h 30 min. The mixture wasial into 0.3 N aqueous HCI (30 ml) and ¥Pr
(30 ml) at 0°C, and the resulting precipitate wiiered. The obtained precipitate was dissolved in
dilute aqueous HCI and MeCN. To the crude soluti@s added HP20SS, and the mixture was
concentrated, charged onto HP20SS column, and clognaphed with aqueous MeCN. The
fractions containing the desired product were ctdleé, concentrated and lyophilized to give solid
(266 mg, 0.41 mmol). The obtained solid was dissbivn NaHCO3 (34 mg, 0.40 mmol) solution in
H20 (7 ml), and lyophilized to giv@2g (272 mg, 35%)'H-NMR (de-DMSO) &: 1.22(3H, t, J =
7.2Hz), 3.43, 3.49(2H, ABq, J = 17.1 Hz), 4.09(8HJ = 7.2Hz), 5.05(1H, d, J = 4.8Hz), 5.21(2H, d,
J = 7.2Hz) , 5.60(1H, dd. J = 4.8, 8.1Hz), 5.87(1h), 6.72(1H, s), 7.22(2H, s), 7.29(1H, d, J
15.9Hz), 8.17(1H, d, J = 1.8Hz), 8.48(2H, d, J 8Hx), 8.65(1H, d, J = 1.5Hz), 8.93(2H, d, J
7.2Hz), 9.54(1H, d, J = 8.1Hz). IR (KBr) én8417, 2982, 2177, 1762, 1634, 1602, 1538, 1470,
1434, 1382, 1353, 1251, 1204. MS(ESI): 70®1+H)". Anal. Calcd for GoH,sNgOsSNa-4.5
H,O-0.2NaHC@ C, 46.59; H, 4.43; N, 14.39; S, 8.24; Na, 3.59.(Found: C, 46.60; H ,4.43; N,
14.63; S, 7.45; Na, 3.48 (%).

Compound32d, 32e, 32f, 32k, 32I, 320, 32q and 32r were prepared by the procedure used for

compound32g.

5.4.16. Compound 32d. Powder, 27% yieldH-NMR (D,0) 8: 1.29 (3H, t, J = 6.9 Hz), 3.67 (2H, s),
4.23 (2H, q, J = 6.9 Hz), 5.26 — 5.28 (3H, m), 584, d, J = 4.5 Hz), 6.07 — 6.17 (1H, m), 6.95 —
6.99 (3H, m), 8.31 (2H, d, J = 7.2 Hz), 8.49 (1HJd& 2.7 Hz), 8.85 (2H, d, J = 7.2 Hz). IR (KBr)
cm™; 3420, 2981, 2162, 1764, 1638, 1599, 1536, 1478611384, 1332, 1203, 1158, 1036.
MS(ESI): 649 (M-Na+2H)". Anal. Calcd for GH»3N1oNaQ:S-6.5 HO: C, 41.17; H, 4.61; N,
17.78; S ,8.14; Na, 2.92 (%). Found: C, 41.04; H94N, 17.77; S, 8.31; Na, 3.06 (%).

5.4.17. Compound 32e. Powder, 3% vyield’'H-NMR (ds-DMSO) & 1.22(3H, t, J = 6.3Hz),
3.35-3.48(2H, m), 3.92(3H, s), 4.09(2H, q, J = &BH5.03(1H, d, J = 4.8Hz), 5.07(2H, m) ,
5.58(1H, m), 5.81(1H, m), 6.72(1H, s), 7.21-7.28(4Hn), 7.92(1H, m), 8.11(1H, d, J = 6.6Hz),
8.66(1H, d, J = 7.5Hz), 9.53(1H, d, J = 8.4Hz).(KBr) cm:3420, 2983, 2181, 2146, 1763, 1634,
1604, 1561, 1496, 1469, 1433, 1402, 1334, 1220.ANB): 662 (M-Na+2H)". Anal. Calcd for
CaoH26NgOsS;Na-5.0 HO-0.1NaHC@ C, 44.68; H, 4.65; N, 16.12; S, 8.20; Na, 3.23.(%ound: C,



44.74; H, 4.67; N, 15.85; S, 8.15; Na, 3.50 (%).

5.4.18. Compound 32f. Powder, 33% yieldH-NMR (ds-DMS0) &: 1.22(3H, t, J = 7.2Hz), 2.62(3H,

s), 3.42, 3.49(2H, ABq, J = 17.1 Hz), 4.09(2H, ¢,8.9Hz), 5.04(1H, d, J = 5.1Hz), 5.12(2H, d, J =
7.2Hz) , 5.60(1H, dd, J = 4.5, 8.1Hz), 5.83(1H, B)2(1H, s), 7.23-7.28(3H, m), 7.65(1H, s),
8.08(2H, d, J = 7.2Hz), 8.66(2H, d, J = 7.2Hz),4915, d, J = 8.1Hz), 11.76(1H, s). IR (KBr)

cm™:3398, 2154, 1762, 1633, 1604, 1565, 1537, 1487114442, 1392, 1329, 1220. MS(FAB):

684" (M+H)". Anal. Calcd for GoHo6NeOsS,Na-6.0 HO: C, 43.99; H, 4.84; N, 15.92; S, 8.10; Na,
2.90 (%). Found: C, 44.12; H, 4.42; N, 15.85; 878Na, 2.82 (%).

5.4.19. Compound 32k. Powder, 18% yieldH-NMR (D,0) 8: 1.30 (3H, t, J = 7.2 Hz), 3.65 (2H, s),
4.25 (2H,q, J = 7.2 Hz), 5.26 (1H, d, J = 4.8 H&z}6 (2H, d, J = 6.9 Hz), 5.82 (1H, d, J = 4.8 Hz),
6.11 (1H, dt, J = 6.9, 13.5 Hz), 6.96 (1H, d, J351Hz), 6.99 (1H, s), 8.10 (1H, t, J = 7.2 HzR18.
—8.94 (2H, m), 9.29 (1H, s). IR (KBr) ém3418, 2984, 2168, 1763, 1636, 1601, 1533, 138041
1203, 1166, 1136, 1037, 1002. MS(ESI): B0&+H)". Anal. Calcd for GH»NgNaQsS,- 3.7 HO:

C, 42.94; H, 4.26; N, 16.69; S, 9.55; Na, 3.42 (Found: C, 42.99; H, 4.14; N, 16.61; S, 9.36; Na,
3.49 (%).

5.4.20. Compound 32l. Powder, 19% yieldH-NMR (D,0) &: 1.30 (3H, t, J = 7.2 Hz), 3.64 (2H, s),
4.25 (2H,q, J = 7.2 Hz), 5.26 (1H, d, J = 4.8 H&z}4 (2H, d, J = 7.2 Hz), 5.82 (1H, d, J = 4.8 Hz),
6.09 (1H, dt, J = 7.2, 15.6 Hz), 6.97 (1H, d, J561Hz), 6.98 (1H, s), 8.37 (2H, d, J = 6.9 HzD18.
(2H, d, J = 6.9 Hz). IR (KBr) cth 3420, 3055, 2982, 2160, 1762, 1605, 1561, 1583711367,
1301, 1200, 1150, 1122, 1036, 1001. MS(ESI):"@dB-H)". Anal. Calcd for GH21NgNaGsS,- 3.6
H,O: C, 43.06; H, 4.25; N, 16.74; S, 9.58; Na, 3%3.(Found: C, 43.09; H, 4.22; N, 16.73; S, 9.48;
Na, 3.64 (%).

5.4.21. Compound 320. Powder, 7% yield"H-NMR (ds-DMSO) &: 1.21 (3H, t, J = 6.9 Hz), 4.08
(2H, g, J = 6.9 Hz), 5.01 (1H, d, J = 5.1 Hz), 5(2#4, dd, J = 6.3, 14.4 Hz), 5.52 — 5.62 (2H, m),
5.90 (1H, m), 6.71 (1H, s), 7.02 — 7.07 (2H, mp17(2H, brs), 7.31 (1H, d, J = 15.6 Hz), 8.18 (1H,
d, J = 6.3 Hz), 8.28 (1H, d, J = 7.8 Hz), 9.53 (#H) = 7.8 Hz). IR (KBr) cift 3409, 2981, 2286,
2153, 1762, 1611, 1533, 1475, 1456, 1394, 13651,12059, 1200, 1163, 1122, 1089, 1037.
MS(ESI): 622 (M—-2Na+3HJ. Anal. Calcd for GgHz:NgNaOgS,-4.7 HO: C,41.62 ; H,4.08 ;
N,16.08 ; S,8.55 ; Na,6.13 (%). Found: C,41,.473.75 ; N,16.86 ; S,8.52 ; Na,6.18 (%).

5.4.22. Compound 32q. Powder, 6% yieldH-NMR (D,0) &: 1.29 (3H, t, J = 6.9 Hz), 3.67 (2H, s),
4.24 (2H, 9, J = 6.9 Hz), 5.27 (1H, d, J = 4.8 Hz¥4 (2H, d, J = 6.9 Hz), 5.82 (1H, d, J = 4.8, Hz)



6.17 (1H, dt, J = 6.9, 15.6 Hz), 6.96 (1H, s), 7.G4H, d, J = 15.6 Hz), 8.01 (1H, t, J = 7.8 Hz),
8.45 - 8.48 (2H, m), 8.54 (1H, d, J = 7.2 Hz), 8®H, d, J = 7.2 Hz), 9.73 (1H, s). IR (KBr) ¢m
3418, 2984, 2162, 1763, 1607, 1535, 1474, 1456018965, 1293, 1243, 1202, 1168, 1133, 1090,
1037, 1001. MS(ESI): 65§M+H)*. Anal. Calcd for GsH,sNsNaOsS, 2.8 HO-0.6 NaHC@ C,
45.47; H, 3.90; N, 14.83; S, 8.49; Na, 4.87 (%)uri C, 45.36; H, 4.11; N, 15.01; S, 8.91; Na,
4.73 (%).

5.4.23. Compound 32r. Powder, 14% yield'H-NMR (DMSO-Ds) &: 1.21 (3H, tJ = 7.0 Hz), 3.38,
3.48 (2H, ABgJ = 22.4 Hz), 4.07 (3H, gl = 7.0 Hz), 5.02 (1H, d] = 4.9 Hz), 5.59 (1H, dd] = 8.2,

4.7 Hz), 5.74 (2H, br s), 5.90-5.98 (1H, m), 6.IBI(s), 7.21 (2H, s), 7.33 (1H, #= 15.9 Hz), 8.16
(1H, dd,J = 8.3, 5.9 Hz), 8.53 (1H, d,= 9.2 Hz), 8.68 (1H, d] = 9.0 Hz), 8.96 (1H, s), 9.38 (1H, d,
J = 8.4 Hz), 9.50-9.55 (2H, m). IR (KBr) ¢m3418, 2983, 2155, 1763, 1629, 1600, 1531, 1471,
1374, 1231, 1200, 1166, 1121, 1090, 1036, 1002]. ABelcd for GgHoaNgNaGsS;-5.7 HO-0.15
NaHCG;: C, 43.92; H, 4.52; N, 14.55; S, 8.33; Na, 3.43.(Found: C, 43.89; H, 4.31; N, 14.71; S,
9.11; Na, 3.42 (%).

5.4.24. Compound 32n. To a suspension d8n (410 mg, 2.20 mmol) in MeOH (5 ml) was added 1
M/L MeONa/MeOH (2.0 ml, 2.0 mmol). The pH of thextire was adjusted to 7.3 with aqueous
HBr, and then the mixture was evaporated to giwodium salt ofi9n. The title compound was
prepared by the procedure used for compagylgiving the sodium salt af9n as a powder, 9%
yield.'H-NMR (D,0) &: 1.28 (3H, t, J = 6.9 Hz), 3.65 (2H, ABq, J = 1H8), 4.22 (2H,q, J = 6.9
Hz), 5.24 (3H, d, J = 4.8 Hz), 5.79 (1H, d, J =B%, 6.13 (1H, dt, J = 6.9, 15.9 Hz), 6.89 — 6.94
(2H, m), 7.27 (1H, s), 7.82 (1H, d, J = 7.2 HZRB(1H, d, J = 7.2 Hz). IR (KBr) ch 3425, 2160,
1762, 1598, 1535, 1372, 1333, 1202, 1165, 11202,10836, 1003. MS(ESI): 634Vi+H)". Anal.
Calcd for GeH2:NgNaGsS,-5.3 HO-0.2 NaHC@ C, 41.63; H, 4.37; N, 16.68; S, 8.48; Na, 3.65.(%
Found: C, 41.76; H, 4.33; N, 16.16; S, 8.88; N&853%).

5.4.25. Compound 32c. To a suspension df9c (213 mg, 1.0 mmol) in DMF (3 ml) was added
N,O-bis trimethylsilyl acetamide (494, 2.0 mmol) and mixture was sonicated to a cledutson.
To the obtained solution was addedl?e(E) (738 mg, 1 mmol) and NaBr (309 mg, 3.0 mmol), and
then the mixture was stirred at room temperatur@ f& h. The mixture was poured into 5% NaCl in
H,O (80 ml) at 0°C. The resulting precipitate watefiéd and dried under reduced pressure to give
coupled intermediate (934 mg, 94%).

To a solution of the above intermediate (924 mg30®nmol) and anisole (652, 6.0 mmol) in
CH.CI, (15 ml) was added 2 M/L Ti¢CH,Cl, 3 ml, 6 mmol) at -40°C and then the mixture was
stirred at -30°C for 50 min. The mixture was pouneid 0.3 N aqueous HCI (40 ml) and to the



mixture was added i-B® (30 ml) at 0°C and resulting precipitate was wigd by filtration then
dissolved in aqueous NaHGGolution. The crude solution was chromatographedH®20SS
column with aqueous MeCN. The fractions containithg desired product were collected,
concentrated and rechromatographed on ODS colunmagiueous MeCN. The fractions containing
the desired product were collected, concentratedyaphilized to give32c (215 mg, 27%) as a pale
brown powder'H-NMR (D,0) &: 1.29 (3H, t, J = 6.9 Hz), 3.67 (2H, s), 4.23 (2HJ = 6.9 Hz),
5.26 — 5.28 (3H, m), 5.81 (1H, d, J = 4.5 Hz), 6-06.17 (1H, m), 6.95 — 6.99 (3H, m), 8.31 (2H, d,
J = 7.2 Hz), 8.49 (1H, d, J = 2.7 Hz), 8.85 (2HJd 7.2 Hz). IR (KBr) cil: 3420, 2981, 2162,
1764, 1638, 1599, 1536, 1475, 1446, 1384, 13323,120658, 1036. MS(ESI): 639V-Na+2H)'.
Anal. Calcd for G/H23N;oNaGsSz:6.5 HO: C, 41.17; H, 4.61; N, 17.78; S, 8.14; Na, 2.99.(
Found: C, 41.04; H, 4.09; N, 17.77; S, 8.31; Nag3%).

6. Phar macokinetics evaluation.

6.1. Test compound administration. Three to five mice per group received an intraxenbolus
dose of the test compounds at 10 mL/kg and 20 mfgkgnimal weights and dosing volumes.
Blood samples were obtained at 0.083, 0.25, 0.8 &nd 3 h after administration by cardiac
puncture following anesthesia. Plasma samples separated by centrifugation at 3,000 x g for 10
minutes at 4 °C.

Three monkeys per group were dosed with an intr@veibolus injection of the test compounds
at 1 mL/kg, 20 mg/kg for animal weight and dosirayuwme. Blood samples were obtained at 0.083,
0.25, 0.5, 1, 2, 3, 4, 6 and 8 h post-dose fromfeéhgoral vein. Plasma samples were separated by

centrifugation at 3,000 x g for 10 minutes at 4AC the samples were stored at —80°C until assay.

6.2. Analysis. For the evaluation of pharmacokinetic (PK) pmfih mice, the concentration of the
compounds in plasma was assayed by the band-cultetleod.Escherichia coli 7437 was used as
the test organism in Mueller-Hinton medium (Difcdlew Jersey, USA). The compound
concentrations in plasma were calculated from caiitn curves for the compounds dissolved in
normal plasma. AUg., and T, were calculated with the WinNonlin program (Phginsi NJ, USA)
based on a 1-compartment model. For the PK evaluaii monkeys, the plasma concentration was
calculated by high-performance liquid chromatogse@tiPLC) analysis (Shimadzu, Japan). AJJC
CLtot and T, were calculated using the WinNonlin program, anel toncentrations of the test

compounds were fitted to a 2-compartment model.

7. In vitro evaluation



MICs were determined with an agar dilution methagng Sensitivity Disk Agar-N (Nissui
Pharmaceutical Tokyo, Japan). The overnight cudtwk antibacterial strains in Mueller Hinton
broth (Becton Dickinson) were diluted to abouf TFU/mL. Bacterial suspensions oful were
spotted onto agar plates containing the antibiofic2-fold serial dilution concentrations and
incubated for 20 h at 37 °C before the MICs werrex.

8. In vivo evaluation

Systemic infection models: Tha vivo potency of32j was determined using a mouse model of
septicemia. The mice were injected intraperitogealith 0.5 mL suspension dftreptococcus
pneumoniae SR16605 (penicillin-susceptible strain) and SR¥6{&enicillin-resistant strain) were
injected as a suspension with hog mucin (ICN, G Ohio).32) and CTRX were administered
subcutaneously 1 and 5 h after infection. Mortalitys recorded over 7 days to estimate the 50%

effective dose (EB) and 90% confidence limits, which were determibgdhe logit method.
9. Animals

Six-week-old, male Jcl: ICR mice (body weight 233®g for PK evaluation and 19 to 25 g for in
vivo evaluation) obtained from CLEA Japan, Inc. dachale cynomolgus monkeys obtained from
Hamri Co., Ltd. were used. The animals were mamehiin accordance with the criteria of the
Institutional Animal Care and Use Committee of $loigi. All studies with animals were approved

by the Institutional Animal Care and Use Commité&hionogi & Co., Ltd.
10. Measurement of protein bindingrate

The serum protein binding of the compounds was roted by ultrafiltration with a
micropartition system. Just before use, the pthefplasma was adjusted to 7 using carbonic acid
gas, and 0.01 ml of compound solution was addg@l96 ml of plasma from mice and monkeys
(final concentration, 1Qug/ml). The mixture was allowed to react at 37°C 8@ minutes. The
sample was placed in an ultrafiltration device (RACENT-30, Tosho Corp., Japan) and
centrifuged at 3200 rpm for 30 minutes at 25°C. €becentration of compound in the filtrate was

determined by bioassay to calculate the degreeodéip binding.
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