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B-T 7 & LNRPUESITA I & et a ki 2 - hiAEwE & LT, HE < OFERBHB I, A
CHRMENTE L. 26 OFERNETE SN2 mO—2I21E, TEE~OXISIZ FER A E W T-HFSE
MWL BREINTEREZERHY, ZOWRIZL > TR ENTZ DV AR LRPUEKIE, BUE, it
T A0 AL E L CTRRR CEH SN TWn b, W —35 T, 354, ZAIMHERE ORBENEZME L T Y,
H VSR~ ATHTERGN A E R E (CRE, carbapenem-resistant Enterobacteriaceae) %X U & L=,
AN 277 ARV ~OXHN IR OETH 5H. @

7T LEMEICRIT D B-T 7 Z LRGUEIEIT T 5 FBERMMALEEILX, B-T 7 X D&+ Hl%
RTHDHB-TI7E~—EBOELETHY, B-772~—EHEA BLD % B-7 7% L%0HEEKE A
T5Z&T, ZAIMES T LEMERED B-T 7 Z L~DREMEZEE I ELZ &N TED. BLALARR
O, ITHERBEE 72> TV DAY T LEMEFE 2 #EAET D K pneumoniae carbapenemase (KPC)
D BR-7 72~ —8E, BEFOBLI THET S Z ENTE2R0.

ZHUCR LT, TR, 16-Y 7YY 7 n[3.21]4 7 % > (DBO) FHEKNEHRD KPC %D B-F
7 H~w—YEMEMNGERBL & LTHEESNTEY, #EOFHEERN - BREMICH D (Figure
1). Bl L)vL7an s, DBO BHIMEFEMIIALE CHERAROESENRmNZELHY, Zh
SDOLEMD 2 MOEHIITT I FERIFZT T EICRESHh TS, 72, Efisni T DBO
FHERIIAETHENETHY, FARERICEZMIT THERAEIIROENATNS. —FH T, BECER
TEFF OAQHBCER 2 A ORI E WV o 72 BLE DI, 8RN SE S 2B O FIH
PROBNTND., ZOLDRERDOTF, AW TITHRER -7 7 &4 ~—EHEEAORIEZ A
)& L, DBO ‘B 2 (DB /R BHILRR 2175 2 L & LTz,
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Figure 1. DBO derivatives on the market or under clinical development.

DBO % BLIZk® U W B-T 7 Z~—BDIEMHHFLOY U FRIIT L THRAR G2 L, Ky
FRIZKT L CRERDNANEANV-BEREERZTERLTHZ LT, B-F74~—FBE2HELTWVD
(Figure 2a). W 725, DBO'BHD B-T 7 ¥ ~—FEEMEZ M ESE57-0121%, U U
xﬂ“?LZ)'}"//I/ﬂS JE (kaey) ZM ESEDZMERHY, EO7HIZIE, DBO B 2 (0% L TX V58S

BFROIEEZEAL, DNVRZNVRADICFERRISEZ SO L ZEBAETHD EE X, BFD
DBO #FEKIL 2T I REFLTWDD, 7 X ROEFRGIMEDTRIE TH 5 Hammett HI|OEHLIL
EHIL om=028 THD. B 22T, LV onfERARE VALK FEDOMFRERERE (om =0.52~ 0.60)
Bl ZHA LTy Ta2T AL, ARICEFTHZ L & Lz (Figure 2b).
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o N deacylation o H Ser HN y-0S0:H
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(b) Electron-withdrawing group
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Figure 2. (a) Mode of action of DBO-mediated serine B-lactamase inhibition. (b) Design of
2-thio-substi- tuted novel DBO compounds.
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HiE 2 2 (LI EREREZ A2 DBO #FEMKIE, 2002 ALVT 1 Fa b o772 TR A 22 HERE
OSSO ERERA 2D Z L TR TE 5 & 2= (Figure 3). £72, A7 ¢« RHRIAA X, MK
® DBO Bk % b OU VR 1 NOBURBER 7 U NISIC E > TERTE 2 L BRI,
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commercially available or
preparable from pyroglutamic acid

Figure 3. Synthetic strategy for 2-thio-substituted DBO derivatives.
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BIFANT LG A IS FICERET AR ERNDH D, INVRBEE ANV T ¢ RICE#RT HSEIE LT
%, FAE ReXH AR ATV ERE LIZBUREEN T O INVIERE L 2B TS (Scheme
. 6 ZOROSTHRA ST, FESMCH#ITT 5720, (PSR ZER DBO (LEMICK LT
HHTE 5 AEEMERE V. 22T, AKISEHWCTHE T 5 2 (0ICHEE B A A9 2% DBO #FEik
AT AHAZ L E L.

Scheme 1. Photo-Induced Decrboxylative Thiolation
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VKRR ZFEE LT, 2297 4% Y EY Y=L X7 /L 8 (Barton T AT /L) &k L7 Bl EE
7 AN LD ANT 4 K2 DEEHE LTz (Table 1). VAR Ul 1 2854, EDC -
HClZHWT 2-ANH T R P U-NAF T R4 EHa L, 7 VU ULRIERAD Barton = A7 /L 8 %
7=, Z® Barton TAT /)L 8 HHEETHZ L7, RHICHSHUED T T ==L TV ANT 4 K ba &/l
Z, KT, LED 7o 7% HWCAGKERF LzE 25, HINO 2a % NMR IUET 61%, HHHIE
46% T T AT VARG S Z LK (entry 1). — 5T, BHES ALVT7 4 RTHDLU AT
WO AT 4 R 6 HFAROEIETHND EIEROKR TR R G472 (entry 2). ZAUIxt LT, -SMe JHD
et a1T o7 2 A, FAANRLX— K T0-SPh &4 b o T2IERFRY ANV T 4 R 5b Z W4 Z & TIL
FriETELZ a2 R LT (entry 4 and 5). 8 EDOHFNZI W T HABNIE Y AV 7 ¢ RIERSPENMK
W2, KIBRIEORELVNELT5Z ERMEINTNS. B —FHT, HEOLNHDHRY -SR JHE %
HT 52 LI K DIEOUFITHE SN TEE T, ARITHHEZ A LAY OEGRHICAH T2 MmA%Z 5 2
HHDTHS.

Table 1. Optimization of Reaction Conditions for Photo-Induced Decarboxylative Thiolation

X

N -
o)
o) X O
J, SH 4 N, s,
HO™ EDC+HCI o” reagent (5 eq.) R
N I S N - = N
J CH,Cly, 1t J white LEDs L 7N
o N-0Bn  inthe dark 3 O N~oBn 0°C o, OBn
R=Ph (2a)
Me (2b)
entry reagent R yield (%)@
1 PhSSPh (5a) Ph 61 (46)°
2 MeSSMe (6) Me 30
3 MeSO,SMe (7) Me 47
4 PhSSMe (5b) Me 48 (33)°

@Yield was determined by "H NMR using 1,1,2,2-tetrachloroethane as an internal standard. “Isolated yield.
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E He

AR T, HIYD 202 ANK % b -7~ DBO L BLI 9-18 O& k% A% L7~ (Scheme 2).
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Scheme 2. Synthesis of Sulfone-Type BLI 9-13 and Sulfoxide-Type BLI 15-17
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Wi ERERI T ¥ NV R & LT, ANARL T 2 RO L AAT- (Scheme 3). Baron = A7
NaERWTEALVKR T I ROBGRIZBNTUIANVF=ZANT A RERBT 20— MG ST,
M LinLens, KREEZNWEGEIXa O /P EITL T LE-Te/od, ANVKR=ANT A RE
Bl L WE BV — b & fRE L2, Barton & O#EFIZ2BIZ, [ HVRCEE 1 0> BRLREEZ 27
WEIRIZ E > TFAANKRF— N 18 A LT, ZO{LAY 18 % PhSNa L L& 5 Z & TALY

74 T 19 %&bl S

ZHICH T DREFHT I MEIRIZ E - T, =T 52 &R ANVKST
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Scheme 3. Synthesis of Sulfonamide-Type BLI 51 from Carboxylic Acid 1
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OB QICHMEEREELZETS 1,67y rul32.114 7 ¥ L FHEADOE Y - ShEei

B LT 2 ALICHEEE ERER 2 A 5 DBO #FEIAED B-7 7 ¥ ~—EHFIGME LG L 7= (Table 2).
ANE 9, BLY, AVFEFT N151E, FFB-7 7 #~—E (KPC-2, CTX-M-15, CMY-2) (Z%}9
5IHEEME ICs0) 2B WT, MEFERTHHT e 24 (AVD &R EOEEEZR L. 5612,
B0 BT H~v—BEFELET D (ATCC-BAA-1705, SR34100) (2% LT, &7 = ARHEIKT
HHET7 4 F VA (CFM) I EHEATIEPETEE 2R S 72008 (alone), 9 X° 156 Z#0ff13 % Z & ¢ CMF
OPIEENEE AVI DL EICEE S5 2 E bR T . ARy T 2 R 2112250 T, CTX-M-15,
BEY, CMY-2 126 2 EEMED, 9015 L LT L-bon, CFM & OffHIZBWT,
Z OHETEE A 532 B S .

2L AR ARIZIBWNCIR ) 7 B-T 7 & ~—BILEEME & CFM OHUETEMEREE 2R b iz 7z
W, 6 LOMEEAEH LT ((bEW 10-13). ZOFER, MEEHROFAMESE 10 TlX ICs0 DK & Z2iEsA
Aohileboo, 74 alig 11 0R)-7 VA aFifg 18 23, kst 9 & RSO E " &%
A L7, 20027 X FEAT 5 AVI ORETEHAEBICIWT, 6 ix 7V A4 o FigiEE I AT 5 &
B-7 7 2 LAOMBEEMERERNKE LW T L2 EnHEIN TS, B —F5T, SEIAHLE 2
Rl 2R v % 72 DBO #FiEAkIT, 6 (a7 /4 o FiiE IS8 L CHIEELE#ER LTk, K
FRITHT7272 DBO % BLI OF5E - BHRBICAH A Z 52 56D THS.
Table 2. Structure-Activity Relationship at the C2 and the 6-position#

R2 R = 0.0 o Q.0
\S// g \\S//
O, /, ~O0,,
N Q@ /o N
9

O)_N‘O/S\O_ Na 15 21
(/)\ \Sp RE= O Na \;SF(O Na \(FH(O Na : 0 Na
g o 10 1 12 13
ICs0 (uMD)? in the ll\)/ge(zefﬁfén;?l (:,Lfg(/:rEIl\j[ of BLI
comp. - :
gpoz o cmarts o omve o g Gl
KPC-2¢ CTX-M-15¢
9 0.004 0.017 0.003 0.125 <0.031
15 0.006 0.012 0.041 0.25 0.5
21 0.044 0.140 0.116 0.125 0.125
10 0.536 2.24 1.05 no data no data
11 0.007 0.022 0.042 0.25 <0.031
12 0.217 0.378 1.06 0.5 1
13 0.031 0.055 0.042 0.25 <0.031
AVI 0.072 0.013 0.059 1 1
alone - - - >324d >32¢

aAVI: avibactam. CFM: cefixime. MIC: Minimun inhibitory concentration. #The values of ICs0 were determined
without enzyme-inhibitor preincubation. ‘Expressed B-lactamase on each strain. “MIC of CFM alone.
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HIEOMAE DR EPRE LT (Table 3). FIROMY, 2L ANVK K9, 18 1LRAFRB-T 7 ¥4 ~—F
HEEEZ R L7200, Ty MUSEFTOLEEDIEFFITIRLS, 26 OEY OIEFHEE DFEIE T
HDH =2V VT T A (Cliyot) MARERMEEZ R LT, F72, 2L AVKRF Y RIK 15 B [AFEIZ CLtot
DRENSTZN, 6 % 7NV AafiRICE# LT 17 TliE, ICs, CLis & HICEHF/MEZRLTZ. 2 /L
AWK T X RR 21 B 1Cs0, CLiot & HICHHERHYRAF AR EZ /R U727, BERELEHR LD RITALRF v
R 17T OFHPERTWE. £z, 2RV T I FL 6 (L7 VA nfilizilAaG 7z 23 Tid ICso
DORERBWIHPHGR S NIz, LLEXY, 22V EFT RE 6 (L7 VA nFiREEArEbE 17T 2
— MM E LTk L, 2 IO RERR 21T 2 & & Lz,

Table 3. Combination of Thio-Functional Groups at the C2 Position and Acidic Moiety at the
6-Position

o 0 o 0

\ 7/ \ 7/ I Il

/SI"(:I /SI"(:I /S/,.
N o0 N E

S
| SIS Ui
SN S %N\o/}(oN . SN O%N‘OWONa
17 ©

o o a o
9 13 O 15
O\\//O \ /7
H,N S HoN~
N Q0 N
O%N‘O/S\O_ Na oY
21
I1Cs0 (LMD CLitot rat serum stability

compound KPC-2 CTX-M-15 CMY-2 (mL/min/kg)? (%)

9 0.004 0.017 0.003 39.8 <1

13 0.031 0.055 0.042 n.c.4 <1

15 0.006 0.012 0.041 88.7 no data

17 0.014 0.012 0.028 27.0 85

21 0.044 0.140 0.116 17.6 58

23 0.977 0.249 1.11 19.8 78

aThe values of ICs0 were determined without enzyme-inhibitor preincubation. #Total clearance in rats. ‘Remaining
amount in rat serum after 30 min incubation. “n.c. = not calculated because of its low stability in rat serum.

BWIE QW ANGFY FEETS 1,6 VT s 321147 7 U HEKOBEREL

AIE TR L2 Y — MG 17 O 2 (IO bt 217 - 72 (Table 4). ISHOHEE L L TIE
TIK (24, =1V (25), AF T A (26), ~T R EEHER (27,28) &\ ol ZERAREE A RET LTS,
B-F 27 #~—FHEEME ICs) ICEALTIE, XL 26 BV THBAHRINZOEZBRVWTAE
IREWIR NNl —HT, BT/ 4~v—EBEAKIIH LTGRO 7= LTI ETTF T T
(CTB) OHIEEMEZEE S 50% (MPCr : CTB 728 MIC = 1 pg/mL ## 1 5 7= 012087, BLI
DI/ NEE) 1%, {LEWO5 T RO RIZE S TRE L, /o7& 350 % 7= 27, 28 1%, 43 F&D /]
SN 17,24,25 L LT MPCi A KRE el R Uiz, 77 KRR E, HAREEDSMANZIME & vy 5 5
MiEEHLTEBY, BN ONMELZBIRT H72DIZIEAR—U  EMEN DY 37 2T D
ERBHDH. B p-F 7 %2 ARPUFEIEOIRICEBNT, R—U &2l d 51201350 7 '&E R SMERW 5
THRERTHL ERESNTEY, bl SEE 5 FEOEWVICER L 72AMEEERMEDE NI L - T,




MPC1 DEWAR LN D EEZLND. (LEW 17, 24, 25 IXIFIEFRZEDOIEMEEZ R LD, &bV v
TNVIEELE LT 1T 28k L, SORLIMFE1To7.
Table 4. Optimization of Side Chain of Sulfoxide?

R, HO..
’ N (0] N- N
R= o) o o o | N ;) N O 2 o
N o Nat /S,,ge HN S,,fg \\/S,,yg f’f o)\/ ef S ff
7 oY o)
o] 17 24 25 26 27 28
ICso (UM)? MPC; (ug/mL)¢
comp l\vg clogP CTX-M-1 K p If,lflgg niae E. coli E. coli
KPC-2 CMY-2 J SR341004 SR096134
® BAA-1705 >32 ug/mLe  >32 pg/mLe
8 pg/mLe ng ng
17 208 —-0.30 0.014 0.012 0.028 0.063 0.125 0.125
24 332 -1.04 0.035 0.050 0.057 0.063 0.25 0.125
25 350 -0.52 0.039 0.007 0.096 <0.031 0.25 0.125
26 366 -0.86 0.132 0.070 0.143 2 2 0.25
27 326 -1.88 0.016 0.024 0.036 1 1 0.125
28 387 -0.51 0.088 0.010 0.041 0.25 1 0.5

aCTB: ceftibuten. The values of ICs0 were determined without enzyme-inhibitor preincubation. ‘MPCi to reduce the
MIC of CTB to 1 pg/mL. 9The following are the expressed S-lactamases and the deletion of porin on each strain:
ATCC BAA-1705, KPC-2 and AompK35; SR34100, CTX-M-15; SR09613, CMY-2 type. “The MIC of CTB alone.

HEWNT, (LB 17T O ORIEAZ TR L= (Figure 4). L2sLARN 5, LAWY 17 IZIEAMEH KL
(clogP = —0.30), 7 v MIBIFHEMFHIRIAE (B 130T 1.4% Th-o7=. — T, 74 afik
G IRIRIED Y 7 o~ L 271 29 (clogP = 1.81) ~E 2+ 5 &, RAORNMENLESN,
Ty b AX, BEY, PUZBWTREGREYFOFRAEREZ R L. ok, 70 N7 v 7 29 [TWRIL
BT 1T ~ERE S, 29 BT CEE S o 7z,

? Q
-3 S
2 »
N~ o N - o F =38% (rat)
© O Nat o o \O F =100% (dog)
© F = 1.4% (rat) o F =55% (monkey)

17 (clogP = -0.30) 29 (clogP = 1.81)

Figure 4. Prodrug 29 to improve bioavailablity of compound 17.

7u K7 w729 ZHWT, ~ 7 AREIEGE T V% FW Tz 1n vivo 38Rk 217> 7= (Figure 5). it
BRix, SHWEGEI%OBIBRNOEEE T2 2 & T, BHOREZFHME L7z, ARBRICBNT, &O
7 =L THD CTB HAIZEET 5 & 48 R OBIBN O BTN %5 (CTB alone). ZiUZxtL
T, 29 Z0FH TR OG- 2 L EEOBD S HeG Sh, #5828 10 mgkg OGEIT, TREBHIARE & Lt
i L CREIRN O£ 2 £ 1/6 (—0.8log) (2 S/ 25 Z LR Sz, ZofERIE, (b5 29 & CTB
OPFARNEEIZ L - T, ZAIMNES T A RIEEBYEZIGR CE DA RMEE TR T 55D THD.



Figure 5. In vivo efficacy in a murine urinary
tract  infectious model after  oral
administration of CTB and prodrug 29. MIC
of CTB against SR08667 = >32 pg/mL. MPC1
of 17 = 1 pg/mL. CTB: ceftibuten. CFU:
colony forming wunit. 2Change in log
CFU/kidney compared to the untreated
control at the start of treatment. N = 5

Vialble cells (Log of CFU/kidney)

K. pneumoniae SR08667 (KPC)

determination.

¥
H A

B

Untreated CTB alone CTB 10 mg/kg+ CTB 10mg/kg+ CTB 10mg/kg+ CTB 30 mg/kg+
control 30mg/kg compound 29 compound 29  compound 29 compound 29
at the start of 3mg/kg 10 mg/kg 30mg/ke 30mg/ke
treatment

AF3CE, DBO B EH T 284k 0 BLI ORZEHLOMIICET 26D THS. DBO HHIZE
WT 2N DOBEBRIEDE RGN B-T 7 ¥ ~—BHEEEZ M LS WG H &, 2ALITH]
PEHELZ S o728 DBO 5% BLIIZEH L, BUREERY T U NV BOSZSEOGE E LT, ZOFE DBO
HEROEGHIEL ML LT, iREREDOENIL, B-T7 7 4 ~—EBEFEEEZM ELSEL2LT, Zh
FCIEHERICHR SN2 T2 6 fi~D 7 VA O FHBEE DB AZ REE L, ZAUTX - T, I&MERET
T, EHEGE U TRERENRE, WYERHEL Rl 2 720 BLI ZFE L. ARUFFEAERIE, #Hill
DBO % BLI O#ff4¢ - BIFICA MR A2 52 56D THD.
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7T LREMEIZE T2 B-T 7 Z DRHUAHEICKT 2 FERMMACEEIL R -T 7 ¥ L&+ 215R
ThHhdHB-FI7H2~—BOEATHY, B-F77~—EHEHK BLD) ZB-77 X LRIEEKEIHT
LT, MMHEEDB-TF 7 % AREES~OEZMELZFERSELZENTE S, BFE, 1,60V 7Y
v/ m[3.2.1]4 27 % (DBO) #FHEMAH BLI & LTHBAZEDTEY | ARBFFECILHHLFE 0 DBO 5% BLI
DRIHEZ B E L, AIERFEEZIT- 72

DBORBLLIZEY VM B-F 7 Z~<~—BDOIEEFLOE Y LI L CHARGE KT 22 LT
~F 7 E~—BEEET D, 2T, 2i~OEAFRGIEOF AN Lo THEHEFLE Y & DRIGHED M
EFTBEOEMOT, 2 MDD RBTREIERETH D ANVK LAV K XV REDOHREREREL A
95 DBO B AR E T A L, AEEZRRI Lz, ZORE, BEMO 2 (02 VR B %E - 72 DBO #
BRI B BLERBEI T ¥ VIS s & L C EFE DBO i8R D AR A R L, 25 OFEER)
AR BT 7 A~ —BIEEEEZAT DL EEALC L, S5, WERECHFZEOREE, BT
0 DBO % BLI &[A%ELL LD B-F 7 # ~—BRHEIGME & @I 78 0 RIE 2 OF - R ol b & 2 FLH
Lz, Z0UH OBFFERRIE, BRSO - BRICAHRMAEZ 52 26D ThH 5.
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