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IAFET D= AT 7 —BIZ LV =X T b &du, TEMERA~ & BAE S THER
mH Iz A% &E % b5 (Figure 1-2)7,

HzN’Qj\(k HZN’<\
J;Y//3 N />‘ j\qj;(/:* o

COZPOM CO,POM o

cefteram pivoxil (CFTM-PI) cefcapene pivoxil (CFPN-PI)

S 0
s =N
§ =
Kt NNH s. S HZN’Q\)\'/K
N 7
Ko} J;r\r/?’/
| O 4 /
CO,POM cozpom

cefditoren pivoxil (CDTR-PI) cefetamet pivoxil (CEMT-PI)
O

POM = YAVKK

Figure 1-2. HIZHUC L > THRINES D ET 7 2 AR Y » OHF]

Al RO RT » T2 EIEDRTRE 72 B O ORI & 58 77 72 Pr s s 1 &
SELTEEHRE T e ARY ORI, £ T ABMEREBCIE Y T AREREIC
XU THBADRIEEEZ AT 08 “HRUBEOE 7 7 e 2ARY 2B 580
WA PR D T2 D D — X 72 BFTHUERNE OB 2 BHE T ICdHlo > T, ZNET
DGR ORI R REAFZE 2> & PEPT1 %0 b7 0 AR —4 — % L 7= W IV
L bl U, BERIHERC X B WRIEERE D 5 28 3 ., T WA oS A 55
TFPRENE N EDRHERI SN2, 2O OARMZE T, BMILEIC X 2 WA
W L7eFElE 7 e AR Y oA E B LT,
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TH TR TFT Y BB E B DB AR
—IH AL EY OB

Z AV E TIT Lipinski & 1% EAF 7288 0 W so XS B 2 R~ 3 b S D+
L LT, fERAIE LThf=, IR, KBRS GAROH, KEREEZERER
DENBEETHDHZ LZWME L TND 8, WV DO HEITB W THIREMED
HROKFERE S U HAARBOIRIT KV BAFZ2 RN & w2 S & 2
kﬁf%éhfb59$%%mﬁ KR53 DS MRS K 2 WA 2/ L C
WD ZEEEBIC, AREFEFITE MARLEOE T 7o AR O ILE#EET
%57:/?7/~Wﬁﬂ7\/%uﬁﬁbto7\/%iMQ%@%%@%
B S B ARBREEBGRE 0B b, 72 7 EOERRIZ LRI
oW ERRIADD EEXT-, T ) F 77— NEONRBEHEELE L TAT LT
TS =NV NNIAFIVT X )FT = VBRI U, £ e~
7R ARNY URPLEIKE LT CFPN-PI. 7 ~ VU 7 % YV . (ceftriaxone:
CTRX)19, CEMT-PI, CFTM-PI #3&i{R L, CTRX (Wit 7 7 1 AR
U THASINTWD ENaA ARV AT /WPOME 1 OEAMLEM L E D,
Figure 1-3 ("¢ TN T 2 ) F7 V) — NV EWLEWMZERTDHZ & & Lz,

S
0]
R1’<\ R1—<\NMH S
| l 7 |
N ~3_s

NH2 N.

|
COZRZ COsR, N \H)\OR:}

f CFPN) Ry=NH, R, =H 0
c(::?:;:\lpgln eR(1 NH)2 R12 = pon 2 ceftriaxone (CTRX) Ry =NH,, R,=H, R3=H
1 R»] NMe2 R2 =H 3 R1 = NH2, R2 = POM, R3 =POM
2 R1—NM€2 R2_POM 4 R1 Me, RQ—H R3—H

5 R, = Me, R, = POM, R; = POM

\
N
Rr4§jl\T)L- R{/<;1\m)LNH s N
N=
Mo A Je e
| O 4 N

COZRZ COzR;

cefetamet (CEMT) Ry =NH,, Ry, =H cefteram (CFTM) R, =NH,, R,=H
CEMT-PI Ry =NH,, R, = POM CFTM-PI R4 =NH,, R, = POM

6 Ry =Me, Ry=H 10 R, = Me, R, = H

7 Ry =Me, R, =POM 11 Rq = Me, R, = POM

8 R»] = NMG2, R2 =H 12 R1 = NM62, R2 =H

9 R»] = NMe2, R2 = POM 13 R4 = NMey, R, = POM 0

POM = \AO)*

Figure 1-3. =t 7 v o AR Y &7 3 WAL AW OREE
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5 IH AR TALAEH A VAR RO B AR

FPT NNIAFILT I )FT U N-2-0T g 14 DA L% Scheme 112
LT, 151207 XV EE I ATFNLEHN NN AF LTI 16 &L, 16
DT )V AT )VENKGIRT H T & T 14 ~E BT,

Scheme 1-1. 7 {784 14 DERL

S 0 S 0 S 0
g . g b ]
RN I —— MeNT3y N —— Me2N /<\N [ oH

15 16 14 |

Reagents and conditions: (a) Mel, NaOH, DMF, 60 °C, 44%; (b) 2 M NaOH aq, EtOH,
60 °C, 93% (BZ~ 1:1).

WIZ Ntert-7 "X HIVR=V)-T ) F TS YN~ SR A 2 HfE 17
X7 PR 183 2 A "X A X ) AT )V E LTk, T AT VORI LY
A Fk% L7 (Scheme 1-2),

Scheme 1-2. 7 (I{HIEH 17 DA A%

S o]
S \ 0 BocHN"<\ \
BocHN"<\ a N OH
N OH — '

o) N‘<|D
18 17

Reagents and conditions: (a) (i) methoxyamine hydrochloride, EtsN, MeOH, rt; (ii)
DIPEA, rt; (iii) 2 M HCI aq. rt, 80% in 3 steps.

WNTAFILFT Y -A hFA 2 ) HE19 D&% Scheme 1-3 12507,
7 MR ATV 20 ([ZHREEE T N U U AEERSHEA Z L TAHF VL 21 B
Bize IRNT 21 DAF T LA D AF R E A NAF AT HZ L TA MY
AV 22 BT, 22 OT B FAKREEALT I VLY ZJaalkT b D
ET28 L L., ZOBRTATERNT I RIEET 50°CITMEATHZ L TATFLF
T =)V 24 BISTL, BHBIC 24 DT AT IVERRL A KRS H Z LT 19 ~ &
BN
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Scheme 1-3. 7 (Z{HIEH 19 DA%

o O o O

8, — e e A e
0 N, N,
OH (0]

20 |

21 Z:E=31 22
(0] (0] S (e} S 0
Cl PN d Me/<\ ) PN e Me/<\ \
N N N
'—e,o o) 0
23 | 24 | 19 |

Reagents and conditions: (a) NaNO2, AcOH, H20, 0 °C, quant.; (b) Me2SO4, K2COs,
acetone, reflux, quant.; (c) SO2Clz, AcOH, rt, quant.; (d) thioacetamide, DMA, 50 °C, 39%;
(e) 2 M NaOH agq., MeOH, quant..

WICNNZAFLT I ) F TSV N-A XA 3 ) HiE25 DA f% % Scheme
1-4 12589, 264 D7 X AT AT LVEHAN NNV AT T 52 LT
CAFAT IV EL. 2T D TF N AT IENKSRT D LT 25~ L
Y

Scheme 1-4. 7 {7 fll$4 25 DA RL

HoN MO/\ a Me,N MO/\ b Me,N MOH

N N N

N\ N N

0 o o)
2 | 27 | 25 |

Reagents and conditions: (a) Mel, sodium hydroxide, DMF, 45 °C, 71%; (b) 2 M NaOH aq,
MeOH, 0 °C, 88%.

FHoIE AT T 7 RRY COERK

TSI NN AFNLVFT ) — N EEBEA LT 7 N V5FEK 1, 2 D5
f%% Scheme 1-5 2509, BEHIO HFiEEZHWERK LT 28165124 Vo7 Ul m
TANKR=NVEERHSEE R v e DA RS NVIE~DOEHE L, IRWNTY
T2 VTS AZ AWV ER AR A RY VAT L 29 & LT,
BN 290 tert 7 bR HNR= VKB REL, DWLVRUEE 14 LHEET D
ZETTINEL, RURE RUNKEERETHZETEIIRUFHEEK 1 &
Bz, 123 bR A NF RV AF AL EERASE D Z & T 7 2V FHEE
2 ~ &N,
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Scheme 1-5. B 7 I LU FHEK 1, 2 DA

BocHN S BocHN S
)=t a H A "
N__— OH N~ 0] NH2 —_—
o) 0 hig
CO,H CO,BH O
28 29
S o) S (o]
H H
WWﬁ\ Ne s Mo, Ne s
) QV : |
N~ (0) NH, —_— N~ o NH,
o hd 0 hig
CO-H (0] CO,POM O
1 2

Reagents and conditions: (a) (i) CISO:NCO, THF, -30 °C; NaHCOs, H20 rt, quant.; (ii)
diphenyl diazomethane, THF, rt, 66%; (b) (i) TsOH ‘H20, acetonitrile, rt; (i) 4 M
HCUEtOAc, rt, 42% in 2 steps; (iii) 14, MsCl, EtsN, CH2Cls, -20 °C, 16%; (iv) TFA,
anisole, CH2Cls, 0 °C; 2 M NaOH agq., 76%; (c) iodomethyl pivalate, DMF, -40 °C, 41%

SATIBE L AT VARV E RO A NV A R ATFVLEPEA L7 N T
¥ UFHEIR 8 DA HE UL FIZEE T (Scheme 1-6), 7-7 2 /-3-7 118 A F/L-3-
7 = hdop A BRI DL 2T VR (ACLE -HC, 30)16 2 vy, 152
BR LT AVER U 1T LA SES 2 LI0ED 81 7, KW T 31 D p A
R o OAEEREL, NOEA(NY AFLL YT FT 2 RBSAF
(EF. 6& RRF L2 AFL-3-FA44FV-34-VL Ru-124 M 7Y/ vk
EHESE2 2 L THARUEE 82 ~EE e, HVRUEER 32123 vibe m A
VX AF AR EE 3 AMEHE 4 LA VR VBRI E N0 A AT AT
WNEEEAL, tert 7 NV HINRNEEBRETAZLTETZ NI TR Y
FHER 3 LN,
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Scheme 1-6. ¥ 7 U 7%V UHEIK 3 DA

S
0
BocHN—4 | H
HCIH,N S s Nj\ﬁLN s )
N_A_Cl
o

CO,PMB
30 31

S 0 S 0
BocHN—’<\ | H2N—’<\ |
NTYTONE s N ONE s
N. | N. |
o J;l\'l’/ S<_N. c O JN_A_S_N.
o QV DA o TN

|
COLH Nm/go CO,POM Nm)\opom

O 0
32 3

Reagents and conditions: (a) 17, MsCl, EtsN,NMM, CH:Clz, -30 °C, 100%; (b) (i) TFA,
CH2Cle, 0 °C, quant.; (ii) 6-hydroxy-2-methyl-3-thioxo-3,4-dihydro-1,2,4-triazin-5(2 H)-
one, Na2COs, BSA, acetonitrile, 0 °C; 2 M NaOH aq., 55%:(c) (i) iodomethyl pivalate,

DMF, -40 °C to -20 °C, 79%; (i1) 2 M AlCls/nitromethane, anisole, CHz2Cls, -40 °C, 58%.

TSI ATFNVTFT ) —NEEEAN LT N TV UFER 4, 5 04
B%% Scheme 1-7 IZF09, LFLOEAK & FERIZ 30 2 AV, LR U 19 L
BEEEHZLITLEY 38355, T33P/ s 6- Rk -2-2AF )L
3T A AFV-3,4VE Fu-1,24- RV T CREERRL, p A FF X
UNEERETDHZETE T NI TRV UFHBER 4 ~LEH LT, BbhT- 4
Za ke e A N F XA FUEERSE 3B E 4 AL VAR Rz E N
OANFTFIAFAEEZEAL, B7 N TH Y UFEKE ~LEN
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Scheme 1-7. 7 b U 7%V U HEIK 4,5 DA

HCIHzZ];(j)\/Q MG—QM j;', W)V v

CO,PMB CO,PMB
30 33

Me—<& M Me—< M
j;gciv C j;'/l%gwl Nm)\opom

O 0]
4 5

Reagents and conditions: (a) 19, pheny dichlorophosphate, NMM, CH2Cls, -20 °C, 62%;
(b) () 6-hydroxy-2-methyl-3-thioxo-3,4-dihydro-1,2,4-triazin-5(2 H)-one, Nal, K2COs,
DMF, 0 °C, 72%; (ii) 2 M AlCls/nitromethane, anisole, CH2Clz, -30 °C to -20 °C; 0.2 M
NaOH aq., 6%; (c) iodomethyl pivalate, DMF, -30 °C to -5 °C, 30%.

ZTNEN T A A F LT T = NN AFILFT ) — V%8 A
Lzt 7 =% A MifE(K6, 7,8, 9 DA% Scheme 1-8 12589, T REEND S
EEHAWVER LT 8417 D tert 7 FX U AONR=NVEERELT I 85 L L,
T35 EANRUEE 19 H LT 25 AMEA L, N A RUVEAERRET
HZETTIRG, TE2ETNTNET, 6, TEZTNETNEARBA LA XFT AT IL
b3 &LT8, 9~ LE,

Scheme 1-8. T 7 =% X FiFEEK 6, 7. 8. 9 DAL

BocHN HoN S R—& M
j/:';)\ _— NW)\
o

Nvo
COBH COBH | O Lo
2
34 35 6 R= Me
7 R= NMe,
S o)
R"<\ \ H S
NTY
¢ N. N~
gr=Me | O
9 R= NMe, CO.POM

Reagents and conditions: (a) TsOH ‘H20, acetonitrile, rt, 74%; (b) () pheny
dichlorophosphate, NMM, 19 or 25, -30 °C to 0 °C, 46% or quant.; (i) 2 M
AlCls/nitromethane, anisole, CH:2Clz, -20 °C; 2 M NaOH agq., 6 : 76%, 7 : 61%:; (c) 8 :
iodomethyl pivalate, DMF, -20 °C, 94%. 9 : iodomethyl pivalate, K2COs, DMF, -30 °C,
59%
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TN A TF VT T ) — VI EEA L2 7T 7 LA55EK 10, 11 O&E
Scheme 1-9 (2529, 7 MU T XV U iFEK 4, 5 DGR THWALEY 33 %
v, Z7onfizaa— RE~NLEBW L%, 5-AF V)TV — i HnizRkEE
EHL N, e A X 7 u B BEFRIC Lok =R L) X 5ELIT L
ST ~LLEHLI, BONTZ36D pA RFIRUDLVEEGELETT T
LAFFER 10 2157, BGonz 1023 by "ef vt ATV EER S
YT T T AFHER 11 ~EEW T, BH7E 10, 11 O A FIVEEONE TR
36 |25 %5 NOESY & tH-15N HMBC Z~<7 ks b#fEE L 7= (Figure 1-4),
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Scheme 1-9. ¥ 77 7 AFHER 10, 11 a)/\ﬁjz

CO,PMB CO,PMB
33 36

S \ O
Me/<\ Me/<\
NN s c
N II\I:N N’N
“o N~ N. 7 Me P N / Me
[ o N

CO2Na COPOM
10 1"

Reagents and conditions: (a) (i) Nal, acetone, rt, quant., (ii) 5-methyl-1H-tetrazole,
K2COs, DMF, -30 °C, quant.; (iii) mCPBA, CH2Cls, -40 °C, 17%; (iv) PBrs, DMF, -30 °C,
quant.; (b) 2 M AlCls/nitromethane, anisole, CH2Cls, -20 °C; 2 M NaOH aq., 82%; (c)
iodomethyl pivalate, DMF, -20 °C, 76%.

b S 9 o
H;C—<\ | N H s 2\
N 82-S<CH, N=N
| 2~
N j;l!l/ S " />‘ a o
o o c)°N NOESY AR % kv
% 3'H,
HiC .
d ]
O (0] H, d C b a
N\
Cozl ¢
G= No-CH
Pulse Saquence: NOESY L
7 3’ 3’ € g Z
| ) j. ) i,
— % | | , ~ . _—
—_— » L
3.0
- = s
3.5 —| 1
—— b | - - e § e ot v [ e v [ ® - - ..-b»"*— - - S
— ok | :_#'
4.5
-— 5.0 . + .- - 5 | | = i
— & r g
e - i =
= P S
- 6.
6.5
) - S -
7.0 i
- et - R
— i s o
1.5
— —

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

F1 (ppm)
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ch{\ H
\\xN 6:)S._2
(N'b OJ;.@%Q’: P—Chs a 1H-15N HMBC 2<% kL
d COO/\ZE : d ¢ b a

........................................................

F2 (ppm)

Figure 1-4. {b&% 36 ® NOESY AX7 kL Lt 1H-15N HMBC A7 kL

T A NNTUATFNVTFT Y —NVIHEBEN LKA EAN LT 7T T L5
K12, 183 D&% Scheme 1-10 (2527, BEFENO HikE WG R L 72 3718 D
snanfhiad— RE~NLEW L% - AF LRI T Y —LDOEA RWNT R
BV EZHWTELT LS ETALVT 38 &2/, N T x= v AF NV %
PRl 89 ~E B L%, WILR U256 ZEESE40 L L, XU Xk KU L
EOBRETHZETI12 28 LT, Boillz 12 2884 L FF 2 XA F L
THZEICED 183 ~EE W, 55172 12, 13 D A F VDO E T A 38
281 % 1H-13C HMBC A7 kB H#EE L7z (Figure 1-5),
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Scheme 1-10. £ 77 AZFHEK 12, 18 DAL

Q
T“HNJ;'/S a TrtHN S N=
e N
0 o
CO,BH CO,BH
37 38

S 0
MezN/<\ )
c NN s NN
—_—T N -
o) :I;IL// l\ll\ />*Me
e N

CO,BH
S 0
/< \
\
. Me,N N

B —

40

CO,POM
13

NH S
NI [l\]:N
0 No A N_ P Me
e N

_N b HCIHoN S N=N
/>‘Me N ,\'1\ />‘Me
N g N
CO,BH
39

S 0
MezN/<\ )
q NN s N
—_— N -
o) :l;l!l// l\ll\ />-Me
| o N

CO,Na
12

Reagents and conditions: (a) (i) Nal, acetonitrile, rt; (i) 5-methyl-1H-tetrazole, 0 °C; (iii)
PBrs, -40 °C, 25%; (b) 6 M HCl agq., acetone, rt, quant.; (c) 25, MsCl, EtsN, DMA, -20 °C,
76%; (d) TFA, anisole, CH2Cls, 0 °C; 0.2 M NaOH agq., 95%; (e) iodomethyl pivalate, DMF,

-20 °C, 96%.
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H
Trt—N

7 6,5 2

N=N
N~ C,N\N)‘C“s 1H-13C HMBC X <% b L
0 3'H2 Me
07 “OBzh fle
| i f
I ¥ N
oeitn « | @ - |- =

r2 (e

Figure 1-5. {LA#%38D1H-13C HMBC A7 kL
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BEM T FT S — MBI A Y DR
—I P - SR TP i

A RALEY OB RS B4 Table 1-1 (2789, WBYLFE/ T A—Z L LT,
NEVSPE DFEEE & 72 5 ClogP1o, AKFEREAHGADEE L THBD 5t L7, £
7o ZBERUC X DI O FEIE & 722 5 N TREZE MR (PAMPA)20 0§l
BLETy MIBITARABERKEONRA FT XA TV T 4 (Fp), FT-FDL X
O 1fi H B FR (AU Cpo) D RTAMlE F 2 Fed L 7=,

IZUDICWTNOE 7 7 a ARY VEHWEGEIZBWTY 7 (UIgE & 28
Té:kf%@@%%kéﬁ\mﬁ%9@5¢®ﬁ@ﬁﬁbtoﬁwaHm
FHER 3, b ERW-ET 7 AR Y ATBWT, WL T AL D2 K
D MR SGET S Z VI L7z, CTRX #5384k 8, 5 DWW I 4L b gzt

MRD LN Do T2 Z &%, U R (pH 6.8) 2% L T4 d 0.1 pmol/L
LT ORI LIRS RN o722 ThHEEZTWDS 2, =147
XA ZE YT 4122\ T CEMT, CFTM #E K TIIfEE T & Ty, CFPN
PR CTRX FHERICBWTCIET 2 ) F 7 — VD AEHRIC K » CRIE 7 e

RO HALTZ(CFPN-PLIZx L T2, 3IZxLTH), FF-ZDL X2, 5D
BRELZINENMEL TS Z 2R L TWD, CEMT X° CFTM 28\ T
iZ AW 9, 11 13 nE 1 CEMT-PI X CFTM-PI 2% L C AUCy, 2ME< 72
ST=bDo, 7, 18 1XTFF CEMT-PI <° CFTM-PI (2% L T IfiL H B & D[]
ERBOHLNTED, LRt 7 7 1 AR U A28 TRE I D)3
O HIVTRER 22 L[RBRIC, 2 ZITRT 7 AAIEE O 28 R ORI A gl T
LoD GIELRVEDL Z ENRB I, —HTIEE® 9,11 © CEMT
PI X CFTM-PI (Zxf LT AUCpo MMEL 22 o 7 BRHITIGE MR TH D I VR 1
8,10 HIAD M6 DIEEN CEMT X° CFTM & i L TEN -7 TH D
EEZTND,
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Table 1-1. 7 X/ FEEHALEW) O GRS 5

S
S o) < 0]
H
R"<\N \ NH S R \NMN S
| 7 NI a;'/ 3 |
N._3__O._NH , >

© CO,POM N

4
CO,POM O
CFPN-PI R =NH,, 2 R = NMe, 3 R=NHy, 5 R=Me O

S 0
S 0 /(\ \
R"QN]\(H*NH S R N

NH S
7 5 Nl\ 7 ’,":N>‘
Nyo N~ o) N A2 N/ Me
| O 4

OPOM

(@] 4
| CO,POM CO,POM
CEMT-PI R = NH,, CFTM-PI R =NH,
7 R=Me, 9 R=NMe, 11 R =Me,13 R = NMe, o

POM = E/\o)*

PAMPA PAMPA Fro AUCp,
Compounds | CLogP2 | HBDP .
coefficientc | categoryd (%)e | (ug hr/mL)
CFPN-PI 0.48 5 0.09 medium 15f 7.04
2 1.50 3 1.99 high 43 20.5
3 (CTRX-di-
1.56 3 N.D.s - 1 1.34
POM)

5 2.29 1 N.D.s - 14 6.38
CEMT-PI 2.22 3 0.63 medium 22 6.50
7 2.95 1 7.75 high N.T.k 8.48
9 3.18 1 6.58 high N.T.k 5.33
CFTM-PI 1.31 3 0.06 low N.T.k 19.1
11 2.05 1 2.31 high N.T.h 14.0
13 2.27 1 2.14 high N.T.h 26.3

a Reference 19. PThe number of hydrogen bond donors. cPermeability coefficient in
PAMPA (10~(*6)*cm/s). dPermeation category in PAMPA. ¢Calculated by area under the
curve (AUC) of each carboxylic acid formed from each compound administrated
orally/AUC of of each carboxylic acid administrated intravenously. {Reference 23. eNot
Detected. hNot Tested.

IR in vitro PUETE MM RL R

WIZZ N ALBE W DOTEIRTH D B IVREEL, 4, 6, 8,10, 12 D in vitro bl
1EME % Table 1-2 12777, SEIEHE L7 27 T ABHE S LT 7 T ARERE O
NOBEEICH LTS, 7TAMBEICATFILFT S — LT NN AFALT I
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FTS=NEHTHTRTOE 77 AR > 1,4,6,8,10,12 1%, 7 A RIEHIC
TIV)FTI—NEETHET s ARY LB LT, /R ELEREE
(Minimum Inhibitory Concentration: MIC) 23 [FZE LA L & 72 v | PUETEMEDME T
TAHMAE R Lz, RO E 770 2R ACBNWTT 2 ) FT7 Y — b
AFNTFT =N ~OEHIZ LY Saureus 507 T LG E ., E.coli%D 7 7
AEMEREIC T 2 PUEIEENE T 5 2 EawE STk, SRR L —
HELTWD 24,
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Table 1-2. 7 X / IEBALEW D in vitro FrETE M

s
0
o R—<\N \ H S

N
NH s I \g\/ I
\N N RSN
| a;f\'r 3_O__NH PO 4 N
/ 2 ’ COH N

0]
ceftriaxone (CTRX) R=NH,, 4 R=Me

S o
\ \
RJ\MNH .

s
R |
N

4
CO,H
cefcapene (CFPN) R=NH,,1 R=NMe,

S 0
R—«N]\HLNH s
Y

=N
3 N, 7 3 ’l\l >~
0 N A o) N RN Me
| O 4 | O 4
CO.H CO,H

cefetamet (CEMT) R = NH,
6 R=Me, 8 R=NMe,

cefteram (CFTM) R = NH,
10 R=Me, 12 R = NMe,

MIC# (ug/mL)
species strain ID CFPN 1 CTRX 4
E. coli NIHJ JC-2P 0.5 >32 0.25 2
S. pneumoniae SR16675¢ 0.5 >32 2 16
H. influenzae SR114354 2 >32 0.25 2
B. subtilis ATCC6633¢ 0.25 16 1 8
FE. cloacae ATCC13047e 8 >32 32 >32
S. marcescens | ATCC13880¢ 1 >32 1 4
MIC2 (ug/mL)
species strain ID CEMT 6 8 CFTM 10 12
E. coli NIHJ JC-2P 0.5 >32 32 0.25 16 >32
S. pneumoniae SR16675¢ >32 >32 >32 2 16 >32
H. influenzae SR114354 16 >32 >32 0.5 8 >32
B. subtilis ATCC6633¢ 32 >32 >32 0.25 8 32
FE. cloacae ATCC13047¢ | >32 >32 >32 32 >32 >32
S. marcescens | ATCC13880¢ 1 >32 >32 1 >32 >32

aMinimum Inhibitory Concentration values. PReference 25. ¢A penicillin-resistant
Streptococcus pneumoniae strain. 4A beta-lactamase non-producing ampicillin-resistant
Haemophilus influenzae strain. ¢These strains were Purchased from American Type
Culture Collection (ATCC).
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WS 7 ) F T VEMLT X 0T e BTy JHER
—IH 7'n N7 v LAY ORES

FREORERNSG, T ) FT =AM BATF VT TV — VBN L NNV A F v
T )FT = ~DEHIZ L Y CFPN-PI ° CTRX 0 F =Rt 77r =x
WY ORORINMENGEIND OO, 25 OFEEEN T T 5720, bl
FEMEZ IR L2 WAL E LT r KT v 7 L 28 0wt m k& Bt
RPUEIEYEOMN 2 Bfe 4 2 & & LT, MBI ITEOHE K & KFER &Mt 585 DK
WafEm L EEE LTE M7 7 e 2R Y v O—>THDH CEMTPI %%
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Scheme 1-11. {L&W 47 DE L
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b o) o) 0 o)
Ets” o N T EtS)J\O/\OJ\/OMe C|)j\o/\o)1\/oMe

48 49 47

Reagents and conditions: (a) RCOzH, tetrabutylammonium hydrogensulfate, NaHCOs,
CH:Cls, H20, rt, quant.; (b) SO2Clz, BFs-OEts, 130 °C to rt, 87%.

CEMT-PI29 |Zxf L, BEFNOFIA 30 THHIE I 7=/ v rdk/b A — |k 50, 51 £7=
FR U7 47T 2N FERESED 2 & T, T D H 34—k 41~43 ~ L
75 #5 LU 7-(Scheme 1-12), L& 41 1%, 80°C TI koA LA F T XA F )L
ZEAL, BIRTKFE LT N U AOFE T THbe R a A v F X AF e
Gt MU T LAEMEHALT, ZNEi 44 & 45 ~ &=, CEMT-PI & Boc-
L-Ala-OH O#fF AT LY 7 X R 52 #457-1412. B2 D tert-7 M LK
=NVEE RRIRTR P EEE ChREL T 46 ~E A LT~
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EDC -HCI, DMAP, CH2Cls,

AR L7244 L A5 DOEEIZLL T O X 9 1
7= (Figure 1-7. Figure 1-8),
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FoIH m BTy Z{bE Y OSSR

Ty MIROBELEGEDOINLDILEMD NN FTT XA T T 4%
Table 1-3 {2753, 41 @ Foo(%)ix CEMT-PI XV & LLEHIE o7 DD, 42
BLU43 D Fo(%)iX CEMT-PI OZ i EFIERIETH D 46 LV L EN- T2,
—J7 T 44 L 451%, CEMTPI 046 L IH L CAA AT A TV T 4 METF
LENENS%E 6% ThHoT=, LEW 4L, 44, 45 DA FT XA TV T 4
25 CEMT-PI L0 HARWVERHIX, U B E IR (pH 6.8) ~DIEMMEIME N8 T
HHEEZOND, 2210 DILEWITIEMRIENMERN T2 12 PAMPA #HL23
FEhi T E TRV, 46 78 CEMT-PI (2 Eb A~ TIRWER DRI ME 2o L7 Bl & L
T BREMEDME S KRB A BEGRDOE N LN | ARV EEEMEZ R L2729 T
bDHEEBEZLND, 42 & 43 O ORIMEIL CEMT-PI & [R%RRE TH > 7203,
FEBIEMEIL 42 & 43 0578 CEMT-PI LV & &Eh-o 7z, NRIEMEDRE K & Kb
B HARE ORI K 2 gz i D o 23 % D W E D e &2 R S 7e o 7o
& LT 42 & 43 DEBIKPITIAAET HBER T L CTEEMEDNME o T8 &
EZBND, TOHMBE LT 41 X° 45 2N AARKF T AEERERE 1 iwJP1, pH
1.2)°% 2 #(JP2, pH 6.8)IC3 T 3 % b Z2E Th v (41 : 98.2%, 98.2%,
45 1 99.1%, 96.4%), LT HEEEZ AT 5 42, 43 § 41, 45 L [FAERICHE pH ©
KIFEHF CTIILZETHDL EEZONDT=DTHD, F-BL LT 41~45 1T T
NHIMHFIZEBWNWT CEMT ~E B I NT-Z L T U EXF T AT AL
NRA=KRBT I ) F TS —=VEAT 2 /0T a KT v 7L L THIET D Z &
DR BT,

Table 1-3. #7110 K Z v 71L& ORI R

Kinetic
PAMPA PAMPA - Fpo
Compounds | CLogP= | HBDP o solubility AUCyf
coefficientc | categoryd (%)e
(uM)

41 3.64 2 N.T.e N.T.s N.D.h 21 4.82i
42 2.40 2 0.95 High >50 30 6.82i
43 2.35 2 2.53 High >50 27 6.161
44 5.97 1 N.T.e N.T.e N.D.h 5 0.691
45 4.38 1 N.T.e N.T.e N.D.h 6 0.91i
46 1.77 4 0.00 low >50 21 4.701
CEMT-PI 2.22 3 0.63 medium >50 29 6.50

a Reference 19. PThe number of hydrogen bond donors. cPermeability coefficient in
PAMPA (107(*6)*cm/s). dPermeation category in PAMPA. eCalculated by AUC of
Cefetamet formed from prodrugs administrated orally / AUC of Cefetamet administrated
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intravenously. fAUC of Cefetamet formed from prodrugs administrated orally. eNot
Tested. "Not Detected. iCorrected AUC when the same dose as Cefetamet pivoxil is
administrated.

ELE R ZUGE L, HEEN CTOBRICHT 2REREED LD, N T
WNEFVAFNIINNRA— NIT 1 KTy 7 OfEREEDAEHTHDL LB X
%o BARMNZITLLFIZRT R, R2 IO EZ BT 52 LIk, BAF/R
T PE & HLE CORENZR L, BAORNMELZSETL7'7 KT v 7 & A
HT& 2% L% 2T 5(Figure 1-9),
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Experimental Section

General Remarks.

The reagents and solvents were purchased from commercial sources and
used without purification. Unless otherwise noted, reactions were performed
under nitrogen atmosphere with anhydrous solvents. “Brine” refers to a
saturated aqueous sodium chloride solution. Analytical thin-layer
chromatography (TLC) was run on silica gel F254 precoated plates.
Visualization of the developed chromatogram was performed by fluorescence
quenching or Vaughn’s reagent. Column chromatography was carried out
using silica gel. Reverse phase column chromatography was performed using
HP20SS and octadecylsilyl (ODS) Silica Gel (Yamazen Ultra Pack).
Preparative high performance liquid chromatography (HPLC) was performed
using Phenomenex Gemimi-NX. 1H and 13C NMR spectra were recorded on a
Bruker AV400 spectrometer (400 MHz). Chemical shifts (§) are reported in
parts per million (ppm) from tetramethylsilane (in CDCls, DMSO-dsand D20)
as an internal standard. Multiplicities are reported as s (singlet), d (doublet),
t (triplet), m (multiplet), br (broad) or combinations of those. Coupling
constants (J) are in hertz. High-resolution mass spectral data was acquired
on Orbitrap Q Exactive Plus (ESI). Low-resolution mass spectral data was
collected on a Waters ZQ mass detector or Shimadzu LCMS-2010EV (ESD).
Elemental analysis was performed using Micro Corder JM11 (J-SCIENCE
LAB CO., Ltd.). All studies with animals were approved by the Institutional
Animal Care and Use Committee of Shionogi & Co., Ltd.
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Experimental for Chapter 1

Synthesis

Compound 16

To a solution of 15 (1.76 g, 8.88 mmol) in N, N-dimethylformamide (5.28
mL) were added sodium hydroxide (1.56 g, 39.1 mmol) and iodomethane (3.66
ml, 58.6 mmol) and the mixture was stirred at 60 °C for 3 h. To this resulting
mixture were added N, N-dimethylformamide (5.28 mL), sodium hydroxide
(1.56 g, 39.1 mmol) and iodomethane (3.66 ml, 58.6 mmol) and the reaction
mixture was stirred at 60 °C for 3 h. After being cooled to room temperature,
the mixture was added water followed by extraction with ethyl acetate. The
organic layer was washed with brine and then dried over MgSOQy, filtered, and
evaporated under reduced pressure. This resulting residue was subjected to
silica gel column chromatography, being eluted with hexane/ethyl acetate.
The fractions containing the desired compound were concentrated to obtain
16 (0.94 g, 44%) as a yellow oil. 1H NMR (400 MHz, CDCls) &: 6.86 (1H, t, J=
7.8 Hz), 6.48 (1H, s), 3.84 (3H, s), 3.09 (6H, s), 2.38 (2H, dt, J= 7.8, 7.7 H2),
1.11 (8H, t, J= 7.5 Hz). MS (ESD m/z 241[M+H]*.

Compound 14

To a solution of 16 (3.17 g, 13.2 mmol) in ethanol (22.2 mL) was added 2
mol/L aqueous sodium hydroxide solution (26.4 ml, 52.8 mmol) and stirred at
60 °C for 30 min. To this resulting mixture were added ethanol (10.0 mL) and
2 mol/L aqueous sodium hydroxide solution (26.4 ml, 52.8 mmol) and the
reaction mixture was stirred at 60 °C for 1 h. After being cooled to room
temperature, the mixture was poured into water and ethyl acetate, and the
layers were separated. The organic layer was extracted with water and the
combined aqueous layer were added tetrahydrofuran/ethyl acetate (1:1)
solution and 2 mol/LL aqueous hydrochloric acid solution and adjusted the pH
of the mixture to around 4.3. The layers were separated and the aqueous layer
was extracted with tetrahydrofuran/ethyl acetate (1:1) solution twice, and the
combined organic layers were dried over MgSOy, filtered, and the solvent was
removed under reduced pressure to give 14 and its Folefin isomer (2.78 g,
93%, E:Z~ 1:1) as a yellow oil. 'H NMR (400 MHz, CDCls) §: 7.25-6.60 (1H,
m), 6.45-6.44 (1H, m), 3.15-3.06 (6H, m), 2.83-2.43 (1H, m), 1.19-1.10 (2H, m).
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MS (ESI) m/z 227 [M+H]*.

Compound 17

To a solution of 18 (100 g, 367 mmol) in methanol (1000 mL) were added
triethylamine (53.5 ml, 386 mmol) and O-methylhydroxylamine
hydrochloride (32.2 g, 386 mmol) at 0 °C and the mixture was stirred at the
same temperature for 90 min, and then the solvent was removed under
reduced pressure. To this resulting mixture were added ethyl acetate (300
mL), tetrahydrofurane (150 mL) and 2 mol/LL aqueous hydrochloric acid
solution (1000 ml) and the layers were separated and the organic layer was
washed with water and brine and then dried over MgSQy, filtered, added
diisopropylamine (62.8 ml, 441 mmol) and the solvent was removed under
reduced pressure. This residue was filtered and ethyl acetate,
tetrahydrofuran and 2 mol/LL aqueous hydrochloric acid solution were added
to this filtration residue and the layers were separated. The organic layer was
washed with water and brine, and then dried over MgSQO4, filtered and
evaporated under reduced pressure to give 17 (88.5 g, 80%) as a white solid.
IH NMR (400 MHz, DMSO-dp §: 11.73 (1H, s), 7.40 (1H, s), 3.88 (3H, s), 1.47
(9H, s). 13C{tH} NMR (100 MHz, DMSO-dy) §: 163.6, 160.5, 153.0, 147.9, 140.7,
113.9, 81.5, 62.4, 27.9. HRMS (ESID) m/z [M+H]* caled for CiniHisN305S
302.0805; found 302.0803.

Compound 21

To a solution of 20 (29.0 g, 223 mmol) in acetic acid (31.9 mL) was added
sodium nitrite (18.5 g, 267 mmol) in water (46.4 mL) dropwise over 40 min
under 0 °C and then stirred at the same temperature for 2 h. To this resulting
mixture were poured into water (250 mL) and ethyl acetate (250 mL) and then
added sodium carbonate (4.72 g, 44.6 mmol) to adjust pH of aqueous solution
to ~7. To this resulting mixture was sepearted and the aqueous layer was
extracted with ethyl acetate and the combined organic layer was washed with
brine, and then dried over MgSOQy, filtered, and the solvent was removed
under reduced pressure. The resulting residue was concentrated in vacuo to

obtain 21 (41.5 g) as a mixture of geometric isomers.
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Compound 22

To a solution of 21 (35.5 g, 223 mmol) in acetone (284 mlL) were added
potassium carbonate (61.6 g, 446 mmol) and dimethyl sulfate (42.6 ml, 446
mmol) dropwise over 20 min under 10 °C and the mixture was stirred at reflux
temperature for 2 h. The mixture was cooled to room temperature and filtered.
The filtrate was poured into water and ethyl acetate, and the layers were
separated. The organic layer was washed with brine, and then dried over
MgSO,, filtered, and the solvent was removed under reduced pressure to
obtain 22 (38.6 g, 100%) as a yellow oil . 1TH NMR (400 MHz, CDCls) §: 4.35
(2H, q, J=17.2 Hz), 4.10 (3H, s), 2.40 (3H, s), 1.33 (3H, t, J= 7.1 Hz).

Compound 23

To a solution of 22 (38.6 g, 223 mmol) in acetic acid (38.6 mL) was added
sulfuryl chloride (21.8 ml, 268 mmol) dropwise over 20 min under 10 °C and
the mixture was stirred at reflux temperature for 2 h and then stirred at room
temperature overnight. The mixture was poured into water and ethyl acetate,
and the layers were separated. The organic layer was washed with saturated
aqueous sodium bicarbonate solution and water, and then dried over MgSQOy,
filtered, and the solvent was removed under reduced pressure to obtain 23
(11.00 g, 74%) as a mixture of geometric isomers. 'H NMR (400 MHz, CDCls)
6: 4.58-3.96 (7TH, m), 1.37-1.32 (3H, m).

Compound 24

To a solution of 28 (18.7 g, 38.9 mmol) in NV, N-dimethylacetamide (43 mL)
was added thioacetamide (4.00 g, 53.2 mmol) and the mixture was stirred at
50 °C for 4 h. The mixture was poured into water and ethyl acetate, and the
layers were separated. The organic layer was washed with water, and then
dried over MgSQ,, filtered, and the solvent was removed under reduced
pressure. The crude product was purified by flash column chromatography
(ethyl acetate/hexane) to obtain 24 (3.60 g, 39%) as a yellow oil. TH NMR (400
MHz, CDCls) &: 8.02 (1H, s), 4.41 (2H, q, J= 7.2 Hz), 4.12 (3H, s), 2.71 (3H, s),
1.38 (3H, t, J= 7.2 Hz). MS (ESD: m/z 229 [M+H]*.

Compound 19
To a solution of 24 (3.60 g, 15.8 mmol) in methanol (25 mL) was added 2

mol/L aqueous sodium hydroxide solution (23.7 ml, 47.3 mmol) at 0 °C and
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the mixture was stirred at the same temperature for 2 h. The mixture was
poured into 1 mol/L aqueous hydrochloric acid solution and ethyl acetate, and
the layers were separated. The aqueous layer was extracted with ethyl
acetate and the combined organic layer was washed with brine, and then
dried over MgSQ,, filtered, and the solvent was removed under reduced

pressure and then concentrated in vacuo to obtain 19 (3.20 g, quant.) as a
yellow oil. TH NMR (400 MHz, DMSO-ds) §: 7.82 (1H, s), 3.91 (3H, s), 2.67 (3H,
s).

Compound 27

To a solution of 26 (20.0 g, 87.0 mmol) in N, N-dimethylformamide (100
mL) were added sodium hydroxide (15.4 g, 384 mmol) and iodomethane (36.0
ml, 576 mmol) and the mixture was stirred at 45 °C for 4 h. The mixture was
poured into water and ethyl acetate, and the layers were separated. The
organic layer was washed with brine, and then dried over MgSQy4, filtered,
and the solvent was removed under reduced pressure. The crude product was
purified by flash column chromatography (ethyl acetate/hexane) to obtain 27
(15.9 g, 71%) as a yellow oil. TH NMR (400 MHz, CDCls) 6: 6.76 (1H, s), 4.40
(2H, q, J=7.2 Hz), 4.01 (3H, ), 3.11 (6H, ), 1.37 (3H, t, J= 7.1 Hz). MS (ESI)
m/z 258[M+H]*.

Compound 25

To a solution of 27 (8.00 g, 31.1 mmol) in methanol (48 mL) was added 2
mol/L aqueous sodium hydroxide solution (46.6 ml, 93.0 mmol) at 0 °C and
the mixture was stirred at the same temperature for 2 h. The solvent was
removed under reduced pressure and added tetrahydrofuran and The
mixture was concentrated and poured into 1 mol/LL aqueous hydrochloric acid
solution and tetrahydrofuran, and the layers were separated. The aqueous
layer was extracted with tetrahydrofuran twice and the combined organic
layer was washed with brine, and then dried over MgSQOy, filtered, and the
solvent was removed under reduced pressure and then concentrated in vacuo
to obtain 25 (6.30 g, 88%) as a yellow oil. TH NMR (400 MHz, DMSO-d) §:
7.00 (1H, s), 3.86 (3H, s), 3.03 (6H, s). MS (ESID) m/z 230[M+H]*.

Compound 29
To a solution of 28 (30.0 g, 91 mmol) in tetrahydrofuran (300 mL) was
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added chlorosulfonyl isocyanate (7.88 ml, 91 mmol) at -30 °C. After being
stirred for 30 min at -30 °C, the mixture was added water (50 mL) and sodium
bicarbonate (7.63 g, 91 mmol) and stirred for 30 min at room temperature.
The mixture was poured into 2 mol/L aqueous hydrochloric acid solution and
ethyl acetate, and the layers were separated. The organic layer was dried over
MgSOy, filtered, and the solvent was removed under reduced pressure to give
the corresponding carbamate (33.9 g, quant.) as a white amorphous solid. 'H
NMR (400 MHz, DMSO-dy) &: 8.00 (1H, d, J= 8.9 Hz), 5.47 (1H, dd, J= 8.8,
4.8 Hz), 5.06 (1H, d, J=4.9 Hz), 4.87 (1H, d, /= 12.8 Hz), 4.62 (1H, d, J=12.8
Hz), 3.56 (1H, d, J=19.4 Hz), 3.44 (1H, d, /= 18.1 Hz), 1.41 (9H, s). MS (ESD)
m/z 372 [M-HJ

To a solution of carbamate obtained above (30.0 g, 47.4 mmol) in
tetrahydrofuran (300 mL) was added diphenyl diazomethane (9.21 g, 47.4
mmol). After being stirred for 1 h at room temperature, the solvent was
removed under reduced pressure, and the crude product was purified by flash
column chromatography (ethyl acetate/hexane) to obtain 29 (16.8 g, 66%) as
a white amorphous solid. 'H NMR (400 MHz, CDCls) &: 7.44-7.28 (11H, m),
6.95 (1H, s), 5.66 (1H, dd, /= 9.6, 4.8 Hz), 5.27 (1H, d, J= 9.7 Hz), 5.05 (1H,
d, J=13.7Hz), 4.96 (1H, d, J= 4.8 Hz), 4.79 (1H, d, J=13.6 Hz), 4.63 (2H, s),
3.58 (1H, d, J=18.7 Hz), 3.42 (1H, d, J= 18.6 Hz), 1.46 (9H, s). MS (ESD) m/z
540 [M+H]*.

Compound 1

To a solution of 29 (19.0 g, 35.2 mmol) in acetonitrile (190 mL) was added
ptoluenesulfonic acid monohydrate (33.5 g, 176 mmol) at 0 °C and stirred at
room temperature for 1 h. The mixture was poured into aqueous sodium
bicarbonate solution and ethyl acetate, and the layers were separated. The
organic layer was washed with water and brine, and then dried over MgSQOy,
filtered, and the solvent was removed under reduced pressure. The resulting
mixture was dissolved in ethyl acetate, and then poured into 4 mol/L
hydrochloric acid/ethyl acetate (17.6 mL, 70.4 mmol). The resulting residue
was filtered and washed with ethyl acetate and then concentrated in vacuo to
obtain corresponding amine (7.00 g, 42%) as a white solid. TH NMR (400 MHz,
CDCls) 8: 7.45-7.20 (12H, m), 6.97 (1H, s), 5.01 (1H, d, /= 13.4 Hz), 4.94 (1H,
d, J=5.1 Hz), 4.78 (1H, d, J= 5.3 Hz), 4.75 (1H, d, J= 13.4 Hz), 4.53 (2H, s),
3.58 (1H, d, J=18.7 Hz), 3.41 (1H, d, J=18.7 Hz). MS (ESD) m/z 440 [M+H]*.
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To a solution of 14 (2.78 g, 12.3 mmol) in dichloromethane (90.0 mL) was
added triethylamine (1.97 ml, 14.2 mmol) and methanesulfonyl chloride (1.03
ml, 13.2 mmol) at -20 °C and stirred at -20 °C for 30 min. To the reaction
mixture was added a solution of amine obtained above (4.50 g, 9.45 mmol)
and MNmethylmorphiline (2.60 ml, 23.6 mmol) in dichloromethane (90.0 mL)
at -20 °C and stirred at -20 °C for 1 h. The mixture was poured into water and
ethyl acetate, and the layers were separated. The organic layer was washed
with water, and then dried over MgSQy, filtered, and the solvent was removed
under reduced pressure, and the crude product was purified by flash column
chromatography (ethyl acetate/hexane) to obtain corresponding amide (1.00
g, 16%) as a yellow foam. '1H NMR (400 MHz, CDCls) &: 8.70 (1H, d, J= 8.3
Hz), 7.45-7.28 (10H, m), 6.95 (1H, s), 6.44 (1H, t, J= 7.5 Hz), 6.39 (1H, s), 5.97
(1H, dd, /= 8.3, 4.9 Hz), 5.08-5.04 (2H, m), 4.81 (1H, d, J= 13.7 Hz), 4.52 (2H,
br s), 3.58 (1H, d, J=18.8 Hz), 3.40 (1H, d, J=18.7 Hz), 3.08 (6H, s), 2.59 (2H,
dq, J=17.7, 7.5 Hz), 1.10 (3H, t, J= 7.5 Hz). MS (ESI) m/z 648 [M+H]*.

To a solution of amide obtained above (600 mg, 0.926 mmol) in
dichloromethane (0.2 mL) was added anisole (1.01 ml, 9.26 mmol) and
trifluoroacetic acid (7.14 ml, 93.0 mmol) at 0 °C and stirred at 0 °C for 1 h.
The reaction mixture was poured into diisopropyl ether and the resulting
residue was filtered and washed with diisopropyl ether. The resulting residue
was applied onto the HP20SS resin and subjected to ODS column
chromatography (acetonitrile/water) to afford 1 (340 mg, 76%) as a white
amorphous solid after lyophilization. '1H NMR (400 MHz, D20) §: 6.50 (1H, s),
6.45 (1H, t, J= 7.9 Hz), 5.81 (1H, d, /= 4.6 Hz), 5.24 (1H, d, /= 4.6 Hz), 4.87
(1H, d, J=12.5 Hz), 4.68 (1H, d, J= 12.4 Hz), 3.69 (1H, d, /= 17.8 Hz), 3.42
(1H, d, J=17.8 Hz), 3.11 (6H, s), 2.28 (2H, dq, J= 7.5, 7.7 Hz), 1.09 (3H, t, J
= 7.5 Hz). MS (ESD) m/z 482 [M+H]*.

Compound 2

To a solution of 1 (160 mg, 0.318 mmol) in N, N-dimethylacetamide (1.60
mL) was added iodomethyl pivalate (85.0 mg, 0.350 mmol) at -40 °C and
stirred at -40 °C for 1 h. The reaction mixture was poured into water and ethyl
acetate, and the layers were separated. The organic layer was washed with
water, and then dried over MgSQy, filtered, and the solvent was removed
under reduced pressure, and the crude product was purified by flash column

chromatography (ethyl acetate/hexane) to obtain 2 (85.0 mg, 41%) as a white
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solid after lyophilization using dioxane. 'H NMR (400 MHz, CDCls) &: 8.72
(1H, d, J= 8.0 Hz), 6.44 (1H, t, J= 7.6 Hz), 6.38 (1H, s), 5.95-5.87 (3H, m),
5.11 (1H, d, J=13.8 Hz), 5.04 (1H, d, J= 4.9 Hz), 4.83 (1H, d, /= 13.6 H2),
4.67 (2H, br s), 3.59 (1H, d, /= 18.6 Hz), 3.41 (1H, d, /= 18.7 Hz), 3.07 (6H,
s), 2.58 (2H, dq, J= 8.0, 7.5 Hz), 1.23 (9H, s), 1.10 (3H, t, J= 7.5 Hz). 13C{1H}
NMR (100 MHz, CDCly) 6: 176.8, 166.9, 164.8, 160.2, 155.8, 149.6, 146.2,
144.0, 129.0, 127.6, 124.8, 102.8, 80.0, 63.3, 59.6, 57.6, 40.1, 38.6, 26.7, 26.4,
23.0, 13.8. HRMS (ESI) m/z [M+H]* caled for Ca5H3sN50sSs 596.1843; found
596.1841. Anal. Calcd for C25H33N508S2(H20)0.6(C4Hs02)0.1: C, 49.58; H, 5.73;
N, 11.38; S, 10.42. Found: C, 49.53; H, 5.67; N, 11.33; S, 10.32.

Compound 31

To a solution of 17 (200 g, 664 mmol) in dichloromethane (1200 mL) was
added triethylamine (107 ml, 774 mmol) and methanesulfonyl chloride (56.0
ml, 719 mmol) at -30 °C and stirred at -30 °C for 30 min. To the reaction
mixture was added a solution of 30 (224 g, 553 mmol) and M
methylmorphiline (152 ml, 1.38 mol) in dichloromethane (400 mL) at -30 °C
and stirred at -30 °C for 1 h. The mixture was poured into aqueous 1 mol/L
hydrochloric acid solution and the layers were separated. The organic layer
was washed with saturated aqueous sodium bicarbonate solution, water and
brine, and then dried over MgSOQy, filtered, and the solvent was removed
under reduced pressure. The crude product was purified by flash column
chromatography (ethyl acetate/hexane) to obtain 31 (359 g, 100%) as a yellow
foam. TH NMR (400 MHz, CDCls) &: 8.31 (1H, s), 7.35 (2H, d, /= 8.6 Hz), 7.29
(1H, s), 7.17 (1H, d, J= 8.6 Hz), 6.91 (2H, d, J= 8.8 Hz), 6.00 (1H, dd, /= 9.0,
4.9 Hz), 5.30-5.20 (2H, m), 5.07 (1H, d, J= 5.1 Hz), 4.56 (1H, d, J=11.9 H2),
4.44 (1H, d, J=11.9 Hz), 4.08 (3H, s), 3.82 (3H, s), 3.68 (1H, d, J= 18.4 Hz),
3.51(1H, d, J=18.2 Hz), 1.54 (9H, s). 13C{1H} NMR (100 MHz, CDCls) 5: 164.8,
162.4,161.1, 160.7, 160.1, 152.3, 147.1, 141.3, 130.7, 127.0, 126.7, 125.7, 115.6,
114.2, 83.1, 68.4, 63.4, 58.9, 57.9, 55.4, 43.3, 28.3, 27.6. HRMS (ESI) m/z
[M+H]* caled for C27Hs0N50sS2 652.1297; found 652.1296.

Compound 32
To a solution of 31 (15.0 g, 23.0 mmol) in dichloromethane (75.0 mL) was
added trifluoroacetic acid (45.0 mL, 588 mmol) at 0 °C and stirred at 0 °C for

30 min. The mixture was poured 1into water and diisopropyl
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ether/dichloromethane (1/1) solution and the layers were separated. The
organic layer was washed with water twice and brine, and then dried over
MgSOy, filtered, and the solvent was removed under reduced pressure to give
corresponding carboxylic acid (12.24 g, quant.) as a light yellow solid. 1H NMR
(400 MHz, CDCly) &: 7.71 (1H, d, J= 7.3 Hz), 7.52 (1H, s), 5.07 (1H, d, J= 4.8
Hz), 4.60 (1H, d, J=11.6 Hz), 4.53 (1H, d, J=11.6 Hz), 4.13 (3H, s), 3.78-3.66
(2H, m), 3.54 (1H, d, J=18.7 Hz), 1.57 (9H, s). 13C{{H} NMR (100 MHz, CDCl3)
6:164.8,163.8,162.9, 162.9, 161.2, 152.5, 146.0, 128.8, 125.8, 113.5, 83.2, 63.7,
59.8, 57.9, 43.1, 28.2, 27.9.

To a solution of carboxylic acid obtained above (8.0 g, 15.0 mmol) in
acetonitrile (64.0 mL) was added N, O-bis(trimethylsilyl)acetamide (4.90 mL,
15.0 mmol) at 0 °C. To the reaction mixture was added a solution of 6-hydroxy-
2-methyl-3-thioxo-3,4-dihydro-1,2,4-triazin-5(2 H)-one (1.44 g, 9.02 mmol)
and sodium carbonate (956 mg, 9.02 mol) at 0 °C and stirred at 0 °C for 4 h.
The mixture was poured into water/acetonitrile (10/1) solution, and then 2
mol/LL aqueous sodium hydroxide solution was added to the mixture to adjust
the pH to around 6.5. The solvent of the resulting mixture was removed under
reduced pressure to give 32 (5.40 g, 55%) as an orange solid after
lyophilization. tH NMR (400 MHz, DMSO-dp &: 11.76 (1H, br s), 9.57 (1H, d,
J=8.3 Hz), 7.26 (1H, s), 5.57 (1H, dd, J= 8.1, 4.8 Hz), 5.00 (1H, d, /= 4.5 H2),
4.37(1H, d, J=12.6 Hz), 4.14 (1H, d, J= 12.6 Hz), 3.86 (3H, s), 3.56-3.47 (5H,
m), 1.47 (9H, s). BC{1H} NMR (100 MHz, DMSO-De) &: 171.5, 164.7, 164.3,
162.7, 162.1, 161.1, 156.5, 153.2, 148.7, 141.8, 133.3, 115.8, 114.5, 81.4, 62.0,
58.0, 57.5, 44.4, 42.2, 27.8, 26.4. HRMS (ESD) m/z [M+H]* caled for
Ca23H26Ns09Ss 655.1058; found 655.1056.

Compound 3

To a solution of 32 (300 mg, 0.429 mmol) in N, N-dimethylformamide (3.00
mL) was added iodomethyl pivalate (312 mg, 1.29 mmol) at -40 °C. The
mixture was stirred at -40 °C to -20 °C for 2 h and standed at -20 °C overnight.
The mixture was poured into water and ethyl acetate, and then the layers
were separated. The organic layer was washed with water and brine, and then
dried over MgSQ,, filtered, and the solvent was removed under reduced
pressure. The crude product was purified by flash column chromatography
(ethyl acetate/hexane) to obtain pivaloyloxymethyl ester (300 mg, 79%) as a
yellow foam. TH NMR (400 MHz, CDCls) §: 8.04 (1H, br s), 7.34 (1H, s), 6.90
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(1H, d, J= 8.1 Hz), 6.02-5.90 (5H, m), 5.08 (1H, d, J= 5.1 Hz), 4.63 (1H, d, J
=12.9 Hz), 4.16-4.08 (6H, m), 3.83-3.64 (6H, m), 1.55 (9H, s), 1.25-1.22 (18H,
m). MS (ESI) m/z 883 [M+H]-".

To a solution of pivaloyloxymethyl ester obtained above (250 mg, 0.283
mmol) in dichloromethane (2.50 mL) were added anisole (0.216 ml, 1.98
mmol) and 2 mol/L aluminium chloride solution in nitromethane (0.991 ml,
1.98 mmol) at -40 °C and stirred at -40 °C for 30 min. To this resulting mixture
was added diisopropyl ether and water, and the resulting residue was filtered
and washed with diisopropyl ether and water, and then concentrated in vacuo
to obtain 3 (128 mg, 58%) as a white solid after lyophilization using dioxane.
IH NMR (400 MHz, CDCls) &: 7.62 (1H, d, /= 6.8 Hz), 6.89 (1H, s), 6.00-5.89
(9H, m), 5.07 (1H, d, /= 4.1 Hz), 4.61 (1H, d, /= 13.6 Hz), 4.14-4.05 (5H, m),
3.76-3.63 (2H, m), 1.22 (9H, s), 1.21 (9H, s).5: 9.59 (1H, d, J= 7.9 Hz), 7.26
(2H, br s), 6.74 (1H, s), 6.01 (1H, d, /= 5.9 Hz), 5.84-5.79 (4H, m), 5.15 (1H,
d, J=4.8 Hz), 4.563 (1H, d, /= 13.7 Hz), 3.99 (1H, d, J= 13.8 Hz), 3.85-3.77
(4H, m), 3.63-3.58 (4H, m), 1.16-1.16 (18H, m). 3C{1H} NMR (100 MHz,
CDCly) 6: 177.1, 176.9, 168.5, 164.3, 162.9, 161.7, 160.6, 155.0, 151.2, 145.7,
140.6, 130.6, 125.0, 111.8, 83.4, 80.4, 63.8, 59.2, 57.5, 42.8, 39.0, 38.9, 33.1,
28.4, 27.1, 27.0. HRMS (ESID) m/z [M+HI* calcd for Ca7H3sN5011S2 783.1895;
found 783.1892.

Compound 33

To a solution of 19 (2.06 g, 10.3 mmol) in N, N-dimethylacetamide (22.4
ml) was added triethylamine (1.64 ml, 11.8 mmol) and methanesulfonyl
chloride (0.861 ml, 11.1 mmol) at -20 °C and stirred at -20 °C for 30 min. To
the reaction mixture was added a solution of 30 (3.20 g, 7.90 mmol) and
triethylamine (2.74 ml, 19.7 mol) in N, N-dimethylacetamide (9.60 mL) at -
20 °C and stirred at -20 °C for 1 h. The mixture was poured into water and
ethyl acetate, and then the layers were separated. The organic layer was
washed with water and then dried over MgSOy, filtered, and the solvent was
removed under reduced pressure. The crude product was purified by flash
column chromatography (ethyl acetate/hexane) to obtain 33 (2.70 g, 62%) as
a yellow foam. 'H NMR (400 MHz, CDCls) §: 7.60 (1H, s), 7.36 (2H, d, J= 8.7
Hz), 7.14 (1H, d, J=9.0 Hz), 6.91 (2H, d, J= 8.8 Hz), 5.99 (1H, dd, /= 9.0, 5.0
Hz), 5.24 (2H, s), 5.07 (1H, d, J= 5.0 Hz), 4.55 (1H, d, /= 11.8 Hz), 4.45 (1H,
d, J=11.8 Hz), 4.12 (3H, s), 3.82 (3H, s), 3.68 (1H, d, /= 18.3 Hz), 3.51 (1H,
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d, J=18.3 Hz), 2.76 (3H, s). MS (ESI) m/z 551 [M+H]*.

Compound 4

To a solution of 30 (2.50 g, 4.54 mmol) in N, N-dimethylformamide (7.50
ml) were added 6-hydroxy-2-methyl-3-thioxo-3,4-dihydro-1,2,4-triazin-
5(2H)-one (0.722 g, 4.54 mmol), sodium iodide (1.360 g, 9.07 mmol) and
potassium carbonate (0.627 g, 4.54 mmol) at 0 °C and stirred at 0 °C for 30
min. The mixture was poured into ethyl acetate and 1 mol/LL aqueous
hydrochloric acid solution to adjust the pH to around 4.3 and the layers were
separated. The organic layer was washed with water, and then dried over
MgSOy, filtered, and the solvent was removed under reduced pressure to give
corresponding thioether (2.20 g, 72%) as an orange oil. 'H NMR (400 MHz,
DMSO-dy &: 9.65 (1H, d, J= 8.1 Hz), 7.67 (1H, s), 7.38 (2H, d, J = 8.3 Hz),
6.92 (2H, d, /= 8.3 Hz), 5.84 (1H, dd, J= 8.0, 4.9 Hz), 5.24 (2H, s), 5.17 (1H,
d, J=4.8 Hz), 4.48 (1H, d, J= 13.4 Hz), 3.88 (3H, s), 3.80-3.75 (4H, m), 3.65-
3.55 (5H, m), 2.65 (3H, d, J= 8.3 Hz). MS (ESD) m/z 674 [M+H]*.

To a solution of thioether obtained above (1.32 g, 1.96 mmol) in
dichloromethane (20.0 mL) were added anisole (2.13 ml, 19.6 mmol) and 2
mol/L aluminium chloride solution in nitromethane (3.90 ml, 7.84 mmol) at -
30 °C and stirred at -30 °C to -20 °C for 40 min. The reaction mixture was
poured into diisopropyl ether and water and then phosphate buffer solution
(pH 6.8) was added to the mixture to adjust the pH to around 4.0 The
resulting residue was applied onto the HP20SS resin and subjected to ODS
column chromatography (acetonitrile/water) and then 2 mol/LL aqueous
sodium hydroxide solution was added to the mixture to adjust the pH to
around 5.5. The solvent of the resulting mixture was removed under reduced
pressure to afford 4 (61 mg, 6%) as a white amorphous solid after
lyophilization. tH-NMR (400 MHz, DMSO-dp 6: 9.57 (1H, d, J= 8.3 Hz), 7.65
(1H, s), 5.57 (1H, dd, J= 8.2, 4.6 Hz), 5.00 (1H, d, J= 4.5 Hz), 3.99-3.89 (4H,
m), 3.63-3.51 (2H, m), 3.44 (3H, s), 3.29 (1H, d, J = 18.1 Hz), 2.66 (3H, s).
1BC{1H} NMR (100 MHz, DMSO-dy) 6: 166.3, 164.3, 164.3, 162.8, 161.7, 161.1,
153.2, 148.7, 146.1, 134.1, 119.8, 119.7, 62.1, 58.0, 57.4, 42.2, 33.6, 26.2, 18.8.
MS (ESD m/z 554 [M+H]-.

Compound 5
To a solution of 4 (280 mg, 0.469 mmol) in N, N-dimethylformamide (1.00
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mL) were added iodomethyl pivalate (0.225 ml, 1.45 mmol) and potassium
carbonate (0.129 g, 0.933 mmol) at -30 °C and stirred at -30 °C to -10 °C for 4
h. To the reaction mixture was added iodomethyl pivalate (0.112 ml, 0.724
mmol) at -10 °C and stirred at -10 °C to -5 °C for 2 h. The mixture was poured
into water and ethyl acetate, and then the layers were separated. The organic
layer was washed with water and brine, and then dried over MgSOQy, filtered,
and the solvent was removed under reduced pressure. The crude product was
purified by flash column chromatography (ethyl acetate/hexane) to obtain 5
(110 mg, 30%) as a white amorphous solid after lyophilization. TH NMR (400
MHz, CDCls) &: 7.59 (1H, s), 7.05 (1H, d, J= 8.9 Hz), 6.03-5.90 (5H, m), 5.08
(1H, d, J= 4.9 Hz), 4.63 (1H, d, /= 13.6 Hz), 4.16-4.10 (4H, m), 3.77-3.65 (5H,
m), 2.75 (3H, s), 1.24 (9H, s), 1.23 (9H, s). MS (ESD) m/z 782 [M+H]-*.

Compound 35

To a solution of 34 (18.7 g, 38.9 mmol) in acetonitrile (187 mL) was added
ptoluenesulfonic acid monohydrate (33.6 g, 177 mmol) at 0 °C and the
mixture was stirred at room temperature for 1 h. The mixture was poured
into aqueous sodium bicarbonate solution and ethyl acetate, and the layers
were separated. The aqueous layer was extracted with ethyl acetate twice and
the combined organic layer was washed with brine, and then dried over
Na2S0y, filtered, and the solvent was removed under reduced pressure. The
resulting mixture was concentrated in vacuo to obtain 35 (11.00 g, 74%) as a
white solid. 'H NMR (400 MHz, CDCls) &: 7.46 (2H, d, J= 7.4 Hz), 7.39-7.27
(8H, m), 6.94 (1H, s), 4.93 (1H, d, J= 4.9 Hz), 4.73 (1H, d, J = 4.9 Hz), 3.50
(1H, d, J=18.3 Hz), 3.21 (1H, d, /= 18.2 Hz), 2.09 (3H, s), 1.77 (2H, br s).

Compound 6

To a solution of 19 (0.981 g, 4.90 mmol) in dichloromethane (40.0 mL) were
added 35 (1.86 g, 4.90 mmol), 'methymorpholine (2.69 ml, 24.5 mmol) and
phenyl dichlorophosphate (1.10 ml, 7.35 mmol) at -30 °C and then stirred at -
30 °C to 0 °C for 90 min. This resulting mixture was poured into water and
ethyl acetate and the organic layer was washed with 5% aqueous citric acid
solution, saturated aqueous sodium bicarbonate solution and brine in turn,
and then dried over Na2SO4, filtered, and the solvent was removed under

reduced pressure. The resulting residue was concentrated in vacuo to obtain
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amide (1.28 g, 46%) as a yellow foam. 1H NMR (400 MHz, CDCls) &: 7.61-7.27
(11H, m), 7.17 (1H, d, J= 8.8 Hz), 6.93 (1H, s), 5.95 (1H, dd, J/= 8.8, 4.8 Hz),
5.07 (1H, d, J= 4.6 Hz), 4.12 (3H, s), 3.52 (1H, d, /= 18.9 Hz), 3.25 (1H, d, J
=18.4 Hz), 2.76 (3H, s), 2.13 (3H, s). MS (ESD: m/z 563 [M+H]*.

To a solution of amide obtained above (0.65 g, 1.26 mmol) in
dichloromethane (6.50 mL) were added anisole (0.825 ml, 7.55 mmol) and 2
mol/L aluminium chloride solution in nitromethane (3.77 ml, 7.55 mmol) at -
20 °C and then stirred at -20 °C for 30 min. To this resulting mixture were
poured into diisopropyl ether, 0.2 mol/L aqueous hydrochloric acid solution
and acetonitrile, and then the resulting mixture was extracted with water.
The aqueous layer was applied onto the HP20SS resin and subjected to ODS
column chromatography (acetonitrile/water), and then 2 mol/LL aqueous
sodium hydroxide solution was added to the fractions to adjust the pH to
around 5.2. The reslting solution was lyophilized to afford 6 (340 mg, 76%) as
a white amorphous solid. 'H NMR (400 MHz, DMSO-ds) 6: 9.53 (1H, d, J= 8.3
Hz), 7.65 (1H, s), 5.52 (1H, dd, J= 8.2, 4.6 Hz), 4.94 (1H, d, J= 4.6 Hz), 3.89
(3H, s), 3.41 (1H, d, J= 16.9 Hz), 3.05 (1H, d, /= 17.3 Hz), 2.67 (3H, s), 1.87
(3H, s). 13C{1H} NMR (100 MHz, DMSO-ds) §: 166.3, 165.3, 165.3, 162.8, 161.6,
148.8, 146.2, 130.7, 119.8, 116.4, 79.3, 79.0, 78.7, 62.1, 57.8, 57.0, 28.7, 19.3,
18.8. MS (ESD): m/z 397 [M-Na+2H]*.

Compound 7

To a solution of 25 (91 mg, 0.40 mmol) in dichloromethane (4.0 mL) were
added 35 (152 mg, 0.40 mmol), A-methymorpholine (220 pl, 2.00 mmol) and
phenyl dichlorophosphate (292 pl, 0.600 mmol) at -30 °C and then stirred at -
30 °C to 0 °C for 90 min. To this resulting mixture were poured into water and
ethyl acetate and the organic layer was washed with 5% aqueous citric acid
solution, saturated aqueous sodium bicarbonate solution and brine in turn,
and then dried over Na2SO,, filtered, and the solvent was removed under
reduced pressure. The resulting residue was concentrated in vacuo to obtain
amide (250 mg, quant.) as a yellow foam. "H NMR (400 MHz, CDCl;) §: 7.46-
7.28 (11H, m), 7.06 (1H, s), 6.92 (1H, s), 5.79 (1H, dd, J = 8.7, 4.6 Hz), 5.04
(1H, d, J= 4.6 Hz), 4.17 (2H, s), 3.38 (3H, s), 2.16 (3H, s), 2.01 (6H, s). MS
(ESD: m/z 592 [M+H]-*.

To a solution of amide (1.40 g, 2.37 mmol) in dichloromethane (7.00 mL)
were added anisole (2.58 ml, 23.7 mmol) and trifluoroacetic acid (7.00 ml, 91.5
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mmol) at 0 °C and then stirred at 0 °C for 50 min. To this resulting mixture
were poured into ethanol, water and methanol. The layers were separated
and the organic layer was extracted with water and the combined aqueous
layer was washed with diethylether and the resulting aqueous layer was
applied onto the HP20SS resin and subjected to ODS column chromatography
(acetonitrile/water) to afford 7 (618 mg, 57%) as a white amorphous solid after
lyophilization. 1H NMR (400 MHz, DMSO-ds) 6: 9.57 (1H, d, J= 8.1 Hz), 6.90
(1H, s), 5.69 (1H, dd, J = 8.1, 4.5 Hz), 5.09 (1H, d, J = 4.5 Hz), 3.86 (3H, s),
3.55 (1H, d, /= 17.9 Hz), 3.34 (1H, d, J= 18.2 Hz), 3.04 (6H, s), 2.01 (3H, s).
1BC{1H} NMR (100 MHz, DMSO-dy) 6: 171.5, 164.1, 164.1, 162.5, 147.2, 143.1,
133.3, 122.9, 110.2, 63.2, 58.9, 57.5, 40.7, 30.7, 20.3. Anal. Calcd for
C16H19N50582(H20)15: C, 42.47; H, 4.90; N, 15.48; S, 14.17. Found: C, 42.39;
H, 4.87; N, 15.59; S, 14.08. MS (ESD: m/z 426 [M+H]*.

Compound 8

To a solution of 6 (200 mg, 0.478 mmol) in N, N-dimethylformamide (1.00
mL) was added iodomethyl pivalate (116 mg, 0.478 mmol) at -20 °C. The
mixture was stirred at -20 °C for 2 h and the mixture was poured into water
and ethyl acetate, and then the layers were separated. The organic layer was
washed with water and brine, and then dried over MgSOQOs, filtered, and the
solvent was removed under reduced pressure. The crude product was purified
by flash column chromatography (ethyl acetate/hexane) to obtain 8 (230 mg,
94%) as a yellow powder after lyophilization. 'H NMR (400 MHz, CDCls) &:
7.60 (1H, s), 7.12 (1H, d, J= 8.8 Hz), 5.95-5.91 (2H, m), 5.86 (1H, d, J= 5.5
Hz), 5.07 (1H, d, /= 4.8 Hz), 4.11 (3H, s), 3.56 (1H, d, /= 18.4 Hz), 3.26 (1H,
d, J=18.6 Hz), 2.75 (3H, s), 2.15 (3H, s), 1.23 (9H, s). 13C{1H} NMR (100 MHz,
CDCly) 6: 177.1, 167.3, 163.7, 161.8, 160.8, 146.6, 146.2, 133.2, 122.2, 121.2,
80.0, 63.7, 59.2, 57.1, 38.9, 30.6, 27.0, 20.2, 19.5. MS (ESI): m/z511 [M+H]*.

Compound 9

To a solution of 7 (200 mg, 0.470 mmol) in N, N-dimethylformamide (2.00
mL) were added iodomethyl pivalate (114 mg, 0.470 mmol) and potassium
carbonate (65 mg, 0.470 mmol) at -40 °C. The mixture was stirred at -30 °C
for 40 min and the mixture was poured into water and ethyl acetate, and then
the layers were separated. The organic layer was washed with water and

brine, and then dried over MgSOQy, filtered, and the solvent was removed
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under reduced pressure. The crude product was purified by flash column
chromatography (ethyl acetate/hexane) to obtain 9 (150 mg, 52%) as a yellow
powder after lyophilization. "H NMR (400 MHz, CDCls) 6: 7.18 (1H, d, J= 8.7
Hz), 6.92 (1H, s), 5.93-5.90 (2H, m), 5.86 (1H, d, J= 5.5 Hz), 5.05 (1H, d, J=
4.6 Hz), 4.06 (3H, s), 3.55 (1H, d, J=18.4 Hz), 3.24 (1H, d, J= 18.4 Hz), 3.12
(6H, s), 2.14 (3H, s), 1.23 (9H, s). 13C{{H} NMR (100 MHz, CDCls) &: 177.1,
171.2, 163.9, 162.1, 160.9, 147.1, 143.4, 133.1, 122.1, 110.1, 80.0, 63.4, 59.1,
57.1, 40.5, 38.9, 30.6, 217.0, 20.2. Anal. Calcd for
C22H20N507S2(H20)0.5(C4HsO02)0.4: C, 48.55; H, 5.73; N, 11.99; S, 10.98. Found:
C, 48.51; H, 5.65; N, 12.13; S, 10.80. MS (ESI): m/z 540 [M+H]-~.

Compound 36

To a solution of 33 (2.00 g, 3.63 mmol) in acetone (20.0 mL) was added
sodium iodide (1.63 g, 10.9 mmol) at room temperature and then stirred at
the same temperature for 2 h. To this resulting mixture were poured into 5%
aqueous sodium thiosulfate solution and ethyl acetate and the organic layer
was separated and washed with 5% aqueous sodium thiosulfate solution and
water in turn, and then dried over NasSOy, filtered, and the solvent was
removed under reduced pressure. The resulting residue was concentrated in
vacuo to obtain iodomethyl (2.40 g, quant.) as a yellow foam. '1H NMR (400
MHz, CDCly) 6: 7.59 (1H, s), 7.37 (2H, d, J= 8.7 Hz), 7.10 (1H, d, /= 9.0 Hz),
6.91 (2H, d, /= 8.8 Hz), 5.94 (1H, dd, J= 9.0, 5.0 Hz), 5.25 (2H, dd, J= 12.4,
11.5 Hz), 5.04 (1H, d, J= 5.0 Hz), 4.43 (1H, d, J= 9.3 Hz), 4.33 (1H, d, J= 9.4
Hz), 4.12 (3H, s), 3.82-3.77 (4H, m), 3.54 (1H, d, J=18.1 Hz), 2.76 (3H, s). MS
(ESD): m/z 643 [M+H]*.

To a solution of iodomethyl obtained above (2.33 g, 3.63 mmol) in N, V-
dimethylformamide (11.6 mL) were added 5-methyltetrazole (0.396 g, 4.71
mmol) and potassium carbonate (0.601 g, 4.35 mmol) at -30 °C and then
stirred at the same temperature for 1 h. To this resulting mixture was added
5-methyltetrazole (0.091 g, 1.08 mmol) at -10 °C and then stirred at -10 °C to
0 °C for 1 h. To this resulting mixture were poured into ethyl acetate and
water and the organic layer was separated and washed with brine, and then
dried over Na2SQ4, filtered, and the solvent was removed under reduced
pressure. The resulting residue was concentrated in vacuo to obtain tetrazole
(2.18 g, quant.) as a crude product.

To a solution of tetrazole obtained above (2.18 g) in dichloromethane (21.0
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mL) was added m-chloroperoxybenzoic acid (69.0~75.0%, 1.00 g) at -40 °C and
then stirred at the same temperature for 1 h. To this resulting mixture were
added dichloromethane (10.0 mL) and m-chloroperoxybenzoic acid
(69.0~75.0%, 500 mg) at -40 °C and then stirred at -40 °C for 1 h. To this
resulting mixture were poured into ethyl acetate and 0.1 mol/LL aqueous
hydrochloric acid solution and the organic layer was separated and washed
with saturated aqueous sodium bicarbonate solution and brine, and then
dried over Na2SQ4, filtered, and the solvent was removed under reduced
pressure. The crude product was purified by flash column chromatography
(ethyl acetate/hexane) to obtain sulfoxide (373 mg, 17%) as a yellow foam. 1H
NMR (400 MHz, CDCls) 6: 7.56 (1H, s), 7.50 (1H, d, J= 10.3 Hz), 7.37 (2H, d,
J=8.7Hz), 6.92 2H, d, J= 8.7 Hz), 6.24 (1H, dd, J= 10.1, 4.8 Hz), 5.82 (1H,
d, J=15.6 Hz), 5.35-5.22 (83H, m), 4.61 (1H, dd, J= 4.9, 1.6 Hz), 4.10 (3H, s),
3.83 (8H, ), 3.71 (1H, d, J= 18.7 Hz), 3.18 (1H, d, /= 18.3 Hz), 2.75 (3H, s),
2.46 (3H, s). MS (ESD): m/z 615 [M+H]".

To a solution of sulfoxide obtained above (370 mg, 0.602 mmol) in N, N-
dimethylformamide (3.7 mL) was added phosphorus tribromide (95.0 ul, 1.01
mmol) at -30 °C and then stirred at the same temperature for 30 min. To this
resulting mixture were poured into ethyl acetate and water and the organic
layer was separated and washed with saturated aqueous sodium bicarbonate
solution and brine, and then dried over Na2SOy, filtered, and the solvent was
removed under reduced pressure. The crude product was purified by flash
column chromatography (ethyl acetate/hexane) to obtain 36 (366 mg, quant.)
as a yellow foam. 'H NMR (400 MHz, CDCls) 6: 7.58 (1H, s), 7.36 (2H, d, J=
8.7Hz), 7.11 (1H, d, J= 9.0 Hz), 6.91 (2H, d, J= 8.7 Hz), 5.99 (1H, dd, J= 9.0,
5.0 Hz), 5.83 (1H, d, J= 15.3 Hz), 5.55 (1H, d, J= 15.3 Hz), 5.29 (1H, d, J =
11.8 Hz), 5.25 (1H, d, /= 11.5 Hz), 5.03 (1H, d, J= 5.0 Hz), 4.10 (3H, s), 3.82
(3H, s), 3.33 (1H, d, J= 18.4 Hz), 3.27 (1H, d, J= 18.4 Hz), 2.75 (3H, s), 2.54
(8H, s). MS (ESD: m/z 599 [M+H]*.

Compound 10

To a solution of 36 (350 mg, 0.585 mmol) in dichloromethane (3.50 mL)
were added anisole (0.383 ml, 3.51 mmol) and 2 mol/L aluminium chloride
solution in nitromethane (1.75 ml, 3.51 mmol) at -20 °C and then stirred at
the same temperature for 30 min. To this resulting mixture were poured into

diisopropyl ether, acetonitrile and water and the aqueous layer was separated
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and applied onto the HP20SS resin and subjected to ODS column
chromatography (acetonitrile/water). The fractions containing the desired
product were collected and the pH of the solution was adjusted to around 6.0
using 0.2 mol/L aqueous sodium hydroxide solution. The resulting solution
was concentrated and lyophilized to give 10 (240 mg, 82%) as a white
amorphous solid. 'TH NMR (400 MHz, CDCls) §: 9.60 (1H, d, /= 8.3 Hz), 7.66
(1H, s), 6.01 (1H, d, /= 14.3 Hz), 5.63 (1H, dd, /= 8.2, 4.8 Hz), 5.47 (1H, d, J
=14.3 Hz), 5.01 (1H, d, J= 4.8 Hz), 3.89 (3H, s), 3.25 (1H, d, J=17.2 Hz), 3.16
(1H, d, J=17.2 Hz), 2.67 (3H, s), 2.44 (3H, s). 13C{1H} NMR (100 MHz, CDCl3)
6:166.3,163.1, 162.8, 162.2, 162.1, 148.8, 146.1, 135.9, 119.7, 110.3, 62.2, 58.1,
57.4, 53.9, 25.7, 18.8, 10.5. MS (ESD): m/z 479 [M-Na+2H]*.

Compound 11

To a solution of 10 (200 mg, 0.400 mmol) in N, N-dimethylformamide (1.00
mL) was added iodomethyl pivalate (97 mg, 0.400 mmol) at -20 °C and then
stirred at the same temperature for 1 h. To this resulting mixture were poured
into ethyl acetate and water and the organic layer was separated and washed
with water and brine, and then dried over MgSQy, filtered, and the solvent
was removed under reduced pressure. The crude product was purified by flash
column chromatography (ethyl acetate/hexane) to obtain 11 (179 mg, 76%) as
a white amorphous solid after lyophilization. 'H NMR (400 MHz, CDCls) &:
7.59 (1H, s), 7.11 (1H, d, /= 8.9 Hz), 6.03 (1H, dd, /= 8.9, 5.0 Hz), 5.98 (1H,
d, J=5.5Hz), 5.92 (1H, d, J= 5.5 Hz), 5.84 (1H, d, J= 15.4 Hz), 5.54 (1H, d,
J=15.3 Hz), 5.07 (1H, d, J= 5.0 Hz), 4.11 (3H, s), 3.35 (1H, d, J= 18.6 Hz),
3.28 (1H, d, J=18.6 Hz), 2.75 (3H, s), 2.55 (3H, s), 1.24 (9H, s). 13C{tH} NMR
(100 MHz, CDCls) & 177.1, 168.7, 164.5, 163.7, 162.2, 160.1, 146.6, 141.8,
126.2,124.7, 111.9, 80.5, 63.4, 59.3, 57.7, 53.1, 38.9, 27.3, 27.0, 11.0. MS (ESD):
m/z 593 [M+H]*.

Compound 38

To a solution of 37 (4.00 g, 5.94 mmol) in N, N-dimethylformamide (20.0
mL) were added sodium iodide (1.78 g, 11.9 mmol), 5-methyltetrazole (0.599
g, 7.13 mmol) and potassium carbonate (0.985 g, 7.13 mmol) at 10 °C and then
stirred at the same temperature overnight. To this resulting mixture was
added phosphorus tribromide (1.68 ml, 17.8 mmol) at -40 °C and then stirred

at the same temperature for 30 min. To this resulting mixture were poured
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into ethyl acetate and water and the organic layer was separated and washed
with saturated aqueous sodium bicarbonate solution and water, and then
dried over MgSQO,, filtered, and the solvent was removed under reduced
pressure. The crude product was purified by flash column chromatography
(ethyl acetate/hexane) to obtain 38 (373 mg, 25%) as a yellow foam. 1H NMR
(400 MHz, CDCls) &: 7.47-7.20 (25H, m), 6.92 (1H, s), 5.71 (1H, d, J=15.4 Hz),
5.36 (1H, d, /= 15.4 Hz), 4.77 (1H, dd, J= 9.9, 4.8 Hz), 4.29 (1H, d, J = 4.8
Hz), 3.09 (1H, d, /= 18.4 Hz), 3.02 (1H, d, J= 18.4 Hz), 2.94 (1H, d, /= 9.9
Hz), 2.49 (3H, s).

Compound 39

To a solution of 38 (0.800 g, 1.14 mmol) in acetone (4.80 mL) was added
6.0 mol/L aqueous hydrochloric acid solution at room temperature and then
stirred at the same temperature for 4 h. The solvent was removed under
reduced pressure. The resulting residue was concentrated in vacuo to obtain

39 (620 mg, quant.) as a clude product.

Compound 40

To a solution of 25 (417 mg, 1.82 mmol) in N, N-dimethylacetamide (4.89
ml) were added triethylamine (0.291 ml, 2.10 mmol), methanesulfonyl
chloride (0.153 ml, 1.96 mmol) at -20 °C and then stirred at the same
temperature for 30 min. To this resulting mixture were added triethylamine
(0.485 ml, 3.50 mmol) and 39 (417 mg, 1.82 mmol) at -20 °C and then stirred
at the same temperature for 1 h. To this resulting mixture were poured into
ethyl acetate and water and the organic layer was separated and washed with
water, and then dried over MgSQy, filtered, and the solvent was removed
under reduced pressure. The crude product was purified by flash column
chromatography (ethyl acetate/hexane) to obtain 40 (720 mg, 76%) as a yellow
foam. 1H NMR (400 MHz, CDCls) &: 7.45-7.28 (11H, m), 6.98 (1H, s), 6.91 (1H,
s), 6.03 (1H, dd, J=4.8, 8.8 Hz), 5.78 (1H, d, /= 15.3 Hz), 5.48 (1H, d, J= 15.6
Hz), 5.06 (1H, d, /= 4.8 Hz), 4.06 (3H, s), 3.27 (2H, s), 3.12 (6H, s), 2.53 (3H,
s). MS (ESD: m/z 674 [M+H]*.

Compound 12
To a solution of 40 (350 mg, 0.519 mmol) in dichloromethane (3.50 mL)
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were added anisole (0.567 ml, 5.19 mmol) and trifluoroacetic acid (4.00 ml,
51.9 mmol) at 0 °C and then stirred at the same temperature for 30 min. To
this resulting mixture were poured into diisopropyl ether and water, and then
filtered and rinsed with diisopropyl ether and water to obtain 12 (260 mg,
95%) as a white solid. TH NMR (400MHz, D20) §: 7.00 (1H, s), 5.85 (1H, d, J
= 4.6 Hz), 5.65 (1H, d, J=14.9 Hz), 5.49 (1H, d, /= 14.9 Hz), 5.23 (1H, d, J=
4.8 Hz), 4.01 (3H, s), 3.50 (1H, d, J=17.8 Hz), 3.33 (1H, d, J=17.8 Hz), 3.12
(6H, s), 2.52 (3H, s). MS (ESD): m/z 508 [M-Na+2H]*.

Compound 13

To a solution of 12 (220 mg, 0.415 mmol) in N, N-dimethylformamide (1.10
mL) was added iodomethyl pivalate (101 mg, 0.415 mmol) at -20 °C. The
mixture was stirred at -20 °C for 1 h and the mixture was poured into water
and ethyl acetate, and then the layers were separated. The organic layer was
washed with water and brine, and then dried over MgSOQOu, filtered, and the
solvent was removed under reduced pressure. The crude product was purified
by flash column chromatography (ethyl acetate/hexane) to obtain 13 (247 mg,
96%) as a white solid after lyophilization. 1H NMR (400 MHz, CDCls) &: 7.25
(1H, d, J=10.0 Hz), 6.91 (1H, s), 6.00 (1H, dd, /= 5.1, 8.9 Hz), 5.98 (1H, d, J
= 5.8 Hz), 5.92 (1H, d, J= 5.5 Hz), 5.83 (1H, d, J= 15.4 Hz), 5.53 (1H, d, J=
15.3 Hz), 5.05 (1H, d, J= 5.0 Hz), 4.06 (3H, s), 3.32 (1H, d, /= 18.6 Hz), 3.26
(1H, d, J=18.7 Hz), 3.11 (6H, s), 2.55 (3H, s), 1.24 (9H, s). 13C{1H} NMR (100
MHz, CDCls) §: 177.1, 171.2, 164.1, 163.7, 162.0, 160.2, 146.9, 143.4, 126.4,
124.1, 109.7, 80.5, 63.4, 59.4, 57.6, 53.1, 40.5, 38.9, 27.0, 26.9, 11.0. MS (ESD):
m/z 622 [M+H]*.

Compound 49

To a solution of methoxyacetic acid (3.66 ml, 47.9 mmol) in water (53.5
mL) and dichloromethane (53.5 mL) were added tetrabutylammonium
hydrogen sulfate (16.3 g, 47.9 mmol) and sodium bicarbonate (8.05 g, 96.0
mmol), and the mixture was stirred at room temperature for 1 h. To this
resulting mixture was added 48 (10.7 g, 39.9 mmol), and the mixture was
stirred at room temperature for 3 h. To this mixture was added water followed
by extraction with dichloromethane. The organic layer was washed with
water, and then dried over MgSOQy, filtered, and evaporated under reduced

pressure. To this resulting mixture was added diethyl ether, followed by
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filtration and washing with diethyl ether. The resulting filtrate was
evaporated under reduced pressure and concentrated in vacuo to give 49 (9.91
g, quant.) as a yellow liquid. 'H NMR (400 MHz, CDCls) &: 5.88 (2H, s), 4.10
(2H, s), 3.47 (3H, s), 2.90 (2H, q, J= 7.4 Hz), 1.33 (3H, t, J= 7.4 Hz).

Compound 47

To 49 (9.91 g, 39.9 mmol) was added sulfuryl chloride (3.25 ml, 39.9 mmol)
at -30 °C, and the mixture was stirred at -30 °C for 15 min. To this resulting
mixture was added BF3-OEtz (0.176 ml, 1.36 mmol), and the mixture was
stirred at O °C for 1 h and then at room temperature for 1 h. The resulting
mixture was evaporated under reduced pressure and the resulting residue
was distilled (1 Torr, 90 °C) to give 47 (6.34 g, 87%) as a light-yellow liquid.
'H NMR (400 MHz, CDCls) §: 5.89 (2H, s), 4.14 (2H, s), 3.48 (3H, s).

Compound 50

Compound 50 was prepared by a procedure similar to that used for
compound 47. A light-yellow liquid. "H NMR (400 MHz, CDCls) &: 5.83 (2H,
s), 1.25 (9H, s).

Compound 51

Compound 51 was prepared by the procedure similar to that used for
compound 47. A light-yellow liquid. "H NMR (400 MHz, CDCls) §: 5.82 (2H,
s), 2.18 (3H, s).

Compound 41

To a solution of cefetamet pivoxil (3.00g, 5.86 mmol) in NN
dimethylacetamide (30.0 mL) and dichloromethane (30.0 mL) were added 50
(3.42 g, 17.6 mmol) and pyridine (1.42 mL, 17.6 mmol) at 0 °C divided into
three portions, and the mixture was stirred at 0 °C for 90 min. To this
resulting mixture was added water followed by extraction with ethyl acetate.
The organic layer was washed with 0.2 mol/LL aqueous hydrochloric acid,
water and brine, and then dried over MgSOQy, filtered, and evaporated under
reduced pressure. This resulting residue was subjected to silica gel column
chromatography being eluted with hexane/ethyl acetate. The fractions
containing the desired compound were concentrated under reduced pressure
to obtain 41 (2.40 g, 61%) as a yellow foam. 'H NMR (400 MHz, CDCls) §: 8.71
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(1H, br s), 7.38 (1H, s), 7.21 (1H, d, J= 8.6 Hz), 5.96-5.92 (2H, m), 5.88-5.87
(8H, m), 5.08 (1H, d, J= 4.8 Hz), 4.08 (3H, s), 3.56 (1H, d, /= 18.7 Hz), 3.27
(1H, d, J=18.7 Hz), 2.15 (3H, s), 1.23 (9H, s), 1.22 (9H, s). 13C{1H} NMR (100
MHz, CDCls) §: 177.4, 177.2, 164.2, 162.2, 160.8, 159.9, 149.7, 146.7, 141.7,
133.7,122.1, 116.5, 80.8, 80.1, 63.5, 59.0, 57.4, 41.4, 39.0, 38.9, 30.7, 27.0, 27.0,
20.2. HRMS (ESD) m/z [M+H]* caled for C27H3sN501:1S2 670.1847; found
670.1848.

Compound 42

To a solution of cefetamet pivoxil (1.00 g, 1.96 mmol) in N,V
dimethylacetamide (7.00 mL) were added 51 (1.19 g, 7.82 mmol) and pyridine
(0.632 mL, 7.82 mmol) at 0 °C divided into four portions, and the mixture was
stirred at 0 °C for 2 h. To this resulting mixture was added water followed by
extraction with ethyl acetate. To this resulting mixture was added 0.2 mol/L
aqueous hydrochloric acid followed by extraction with ethyl acetate. The
organic layer was washed with water, and then dried over MgSOQy, filtered,
and evaporated under reduced pressure. This resulting residue was subjected
to silica gel column chromatography, being eluted with hexane/ethyl acetate.
The fractions containing the desired compound were concentrated and
lyophilized to obtain 42 (300 mg, 25%) as a colorless foam. 'H NMR (400 MHz,
CDCls) &: 7.42 (1H, s), 7.12 (1H, d, J = 8.7 Hz), 5.94-5.91 (2H, m), 5.88-5.86
(3H, m), 5.08 (1H, d, /= 4.6 Hz), 4.08 (3H, s), 3.57 (1H, d, /= 19.4 Hz), 3.27
(1H, d, J=18.6 Hz), 2.16-2.15 (6H, m), 1.23 (9H, s). 13C{1H} NMR (100 MHz,
CDCly) 6: 177.2, 170.1, 164.2, 162.1, 160.8, 160.1, 152.2, 146.7, 141.7, 134.0,
122.2, 116.5, 80.4, 80.1, 63.4, 59.1, 57.4, 38.9, 30.7, 27.0, 20.8, 20.3. HRMS
(ESD m/z [M+H]* caled for C24Hs0N5011S2 628.1378; found 628.1381.

Compound 43

To a solution of cefetamet pivoxil (0.350 g, 0.684 mmol) in N, V-
dimethylacetamide (3.50 mL) were added 47 (0.125 g, 0.684 mmol) and
pyridine (0.055 mL, 0.684 mmol) at 0 °C, and the mixture was stirred at 0 °C
for 30 min. To this resulting mixture was added water followed by extraction
with ethyl acetate. The organic layer was washed with water and then dried
over MgSOy, filtered, and evaporated under reduced pressure. This resulting
residue was subjected to silica gel column chromatography, being eluted with

hexane/ethyl acetate. The fractions containing the desired compound were
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concentrated and lyophilized to obtain 43 (80.0 mg, 18%) as a white solid. 1H
NMR (400 MHz, CDCls) 6: 7.36 (1H, s), 7.30 (1H, d, J= 8.7 Hz), 5.97-5.87 (5H,
m), 5.09 (1H, d, J= 4.8 Hz), 4.15-4.06 (6H, m), 3.56 (1H, d, J= 18.9 Hz), 3.49-
3.47 (3H, m), 3.27 (1H, d, J=18.4 Hz), 2.16 (3H, s), 1.23 (9H, s). 13C{1H} NMR
(100 MHz, CDCls) 6: 177.2, 169.2, 164.2, 162.1, 160.8, 159.6, 151.9, 146.7,
141.7, 134.1, 122.1, 116.6, 80.6, 80.1, 69.5, 63.5, 59.7, 59.0, 57.4, 38.9, 30.7,
27.0, 20.3. HRMS (ESI) m/z [M+H]* calcd for Ca5H31N5012S2 658.1483; found
658.1483.

Compound 44

To a solution of 41 (350 mg, 0.523 mmol) in N, N-dimethylformamide (1.40
mL) was added iodomethyl pivalate (434 mg, 1.79 mmol), and the mixture
was stirred at 80 °C for 2 h. To this resulting mixture was added water
followed by extraction with ethyl acetate. The organic layer was washed with
water and brine, and then dried over MgSOQy, filtered, and evaporated under
reduced pressure. This resulting residue was subjected to silica gel column
chromatography, being eluted with hexane/ethyl acetate. The fractions
containing the desired compound were concentrated under reduced pressure
to obtain 44 (0.126 g, 31%) as a colorless foam. 'H NMR (400 MHz, CDCls) §:
7.57 (1H, d, J= 8.6 Hz), 6.98 (1H, s), 6.31 (2H, dd, /= 14.8, 10.2 Hz), 5.93-
5.91 (3H, m), 5.86 (1H, d, J= 5.6 Hz), 5.80 (1H, dd, /= 8.3, 4.5 Hz), 5.05 (1H,
d, J=4.8 Hz), 4.08 (3H, s), 3.56 (1H, d, /= 18.4 Hz), 3.25 (1H, d, J= 18.4 H2),
2.15 (3H, s), 1.23-1.21 (18H, m), 1.12 (9H, s). 13C{1H} NMR (100 MHz, CDCl5)
6: 178.4, 177.4, 177.2, 173.2, 163.0, 161.5, 160.8, 160.4, 143.3, 133.2, 129.2,
128.5,122.1, 113.5, 81.7, 79.9, 68.2, 64.3, 59.3, 56.9, 39.0, 38.9, 30.5, 27.2, 27.1,
27.0, 20.3. HRMS (ESD) m/z [M+H]* calcd for Cs3H45N5013S2 784.2528; found
784.2531.

Compound 45

To a solution of 41 (250 mg, 0.373 mmol) in N, N-dimethylformamide (2.50
ml) were added chloromethyl pivalate (0.334 ml, 2.24 mmol) and sodium
hydride (60% dispersion in mineral oil, 15.0 mg, 0.373 mmol) at 0 °C, and the
mixture was stirred at 0 °C for 20 min and then at room temperature for 1 h.
To this resulting mixture was added sodium iodide (0.224 g, 1.49 mmol),
followed by stirring at room temperature overnight. To this resulting mixture

was added 0.2 mol/LL aqueous hydrochloric acid followed by extraction with
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ethyl acetate. The organic layer was washed with water and brine, and then
dried over MgSQ,, filtered, and evaporated under reduced pressure. This
resulting residue was subjected to silica gel column chromatography, being
eluted with hexane/ethyl acetate. The fractions containing the desired
compound were concentrated under reduced pressure to obtain 45 (100 mg,
34%) as a yellow foam. 'H NMR (400 MHz, CDCls) §: 7.50 (1H, s), 6.97 (1H, d,
J=8.3 Hz), 6.19-6.11 (2H, m), 5.99-5.80 (5H, m), 5.07 (1H, d, /= 4.8 Hz), 4.06
(3H, ), 3.55 (1H, d, J= 18.4 Hz), 3.27 (1H, d, /= 18.7 Hz), 2.15 (3H, s), 1.23
1.22 (18H, m), 1.15 (9H, s). 13C{tH} NMR (100 MHz, CDCls) &: 177.5, 177.1,
176.9, 163.7, 161.6, 160.9, 159.6, 152.4, 146.5, 142.0, 133.2, 122.3, 117.2, 113.5,
81.7, 80.1, 70.4, 64.3, 63.6, 59.3, 57.1, 39.0, 30.6, 27.1, 27.0, 27.0, 20.2. HRMS
(ESD m/z [M+H]* caled for CssH4sN5013S2 784.2528; found 784.2527.

Compound 52

To a solution of cefetamet pivoxil (500 mg, 0.977 mmol) in
dichloromethane (15.0 mlL) were added N-(tertbutoxycarbonyl)-L-alanine
(740 mg, 3.91 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (375 mg, 1.96 mmol) and NV, N-dimethyl-4-aminopyridine (12.0
mg, 98.0 umol) with stirring at room temperature for 4 h. To this resulting
mixture was added saturated aqueous sodium bicarbonate solution followed
by extraction with ethyl acetate. The organic layer was washed with 0.2 mol/L
aqueous hydrochloric acid, water and brine, and then dried over MgSQOy,
filtered, and evaporated under reduced pressure. This resulting residue was
subjected to silica gel column chromatography, being eluted with hexane/ethyl
acetate. The fractions containing the desired compound were concentrated
under reduced pressure to obtain 52 (427 mg, 64%) as a yellow foam. '1H NMR
(400 MHz, CDCls) & 10.58 (1H, br s), 7.79 (1H, br s), 7.29 (1H, s), 5.94-5.87
(3H, m), 5.48 (1H, br s), 5.09 (1H, d, J= 4.5 Hz), 4.54-4.48 (1H, m), 4.05 (3H,
s), 3.57 (1H, d, J=18.7 Hz), 3.27 (1H, d, J= 18.7 Hz), 2.16 (3H, s), 1.47-1.44
(12H, m), 1.24 (9H, s). 13C{tH} NMR (100 MHz, CDCls) &: 177.3, 172.2, 164.5,
163.0, 160.7, 159.0, 155.7, 147.9, 140.7, 133.9, 122.0, 115.8, 80.9, 80.3, 63.1,
58.9, 57.7, 51.0, 38.9, 30.8, 28.5, 27.0, 20.3, 18.5. HRMS (ESI) m/z [M+H]*
caled for CosH3sNeO10S2 683.2164; found 683.2159.

Compound 46
To a solution of 52 (500 mg, 0.732 mmol) in formic acid (2.81 mL, 73.2

64



mmol) was added 4 mol/L hydrochloric acid/ethyl acetate (0.732 mL, 2.93
mmol) at 0 °C followed by stirring at 0 °C for 15 min. To this resulting mixture
was added diisopropyl ether, and the resulting residue was filtered and
washed with diisopropyl ether and then concentrated in vacuo to obtain 46
(400 mg, 79%) as a white solid after lyophilization using dioxane. 'H NMR
(400 MHz, DMSO-db) 6: 13.05 (1H, s), 9.68 (1H, d, /= 8.3 Hz), 8.41 (3H, s),
7.49 (1H, s), 5.89 (1H, d, J= 5.8 Hz), 5.81-5.77 (2H, m), 5.16 (1H, d, J= 4.8
Hz), 4.13-4.04 (1H, m), 3.89 (3H, s), 3.64 (1H, d, J=18.4 Hz), 3.44 (1H, d, J =
10.0 Hz), 2.02 (3H, s), 1.47 (3H, d, J= 7.1 Hz), 1.15 (9H, s). 13C{1H} NMR (100
MHz, DMSO-de) §: 176.0, 168.8, 163.5, 162.5, 160.7, 157.6, 148.4, 141.7, 133.3,
121.0, 114.8, 79.4, 62.1, 58.5, 57.2, 48.4, 38.2, 29.3, 26.5, 19.4, 16.6. HRMS
(ESD m/z [M-Cl]* caled for Ca3H30N6OsSz 583.1639; found 583.1636. Anal.
Calcd for C2sH30NO0sS2(HCD1.6(H20)2.3(C4HgO2)0.1: C, 41.03; H, 5.48; N, 12.17;
S, 9.28; Cl, 7.95. Found: C, 41.04; H, 5.22; N, 12.20; S, 9.18; Cl, 7.93.
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Compound Evaluation

Pharmacokinetics in Rats after Intravenous Administration of Compounds.
Pharmacokinetics in intravenous administration was investigated in rats
at a dose of 1 or 5 mg/kg formulated in saline or saline/7% sodium bicarbonate
(9/1) solution. Blood samples were taken using a syringe pre-treated by 0.89
M aqueous EDTA 2K solution and 20% heparin at 0.033, 0.083, 0.25, 0.5, 1,
2, 4 and 6 h or 0.033, 0.083, 0.25, 0.5, 1, 2, 4, 6 and 8 h after administration.
Blood samples were centrifuged at 3000 rpm for 10 min at 4 °C to obtain
plasma samples. Plasma samples were transferred to cluster tubes and stored

at -20 °C prior to analysis.

Pharmacokinetics in Rats after Oral Administration of Compounds.
Pharmacokinetics in oral administration were investigated in rats at
doses of 15, 20 and 30 mg/kg formulated in 0.5% Methyl cellulose (400cP).
Blood samples were taken using a syringe pre-treated by 0.89 M aqueous
EDTA 2K solution and 20% heparin at 0.25, 0.5, 1, 2, 4, 6, 8 and 24 h after
administration. Blood samples were centrifuged at 3000 rpm for 10 min at 4
°C. Plasma samples were transferred to cluster tubes and stored at -20 °C

prior to analysis.

LC/MS/MS Determination of Test Compounds.

An aliquot (40 pL) of each sample was transferred to a 96-well plate,
mixed with 500 uL of acetonitrile, and centrifuged at 3000 rpm for 10 min at
4 °C. A portion of supernatant was injected to Shimadzu Nexera HPLC system
interfaced with an API-5000 mass spectrometer (AB Sciex, Framingham, MA).
Plasma concentrations of test compounds were determined by LC/MS/MS
with electrospray ionization in the positive ion mode using an external
standard method.

Pharmacokinetic Analysis.

The area under the concentration-time curve from O h to the last time
point (AUCo-uast) was calculated by linear trapezoidal approximation. The oral
bioavailability was calculated by AUC of each carboxylic acid derived from
each test compound administrated orally / AUC of each carboxylic acid

administrated intravenously.

66



Antibiotic Susceptibility Testing.

The minimum inhibitory concentrations (MICs) were determined using
the broth microdilution method in accordance with Clinical Laboratory
Standards Institute (CLSI) guidelines.! Briefly, two-fold serial dilution of test
compounds were prepared and transferred to a 96 well plate including cation-
adjusted Mueller Hinton broth (CAMHB). Haemophilus Test Medium broth
(HTM broth) and CAMHB containing laked horse blood were used for
Haemophilus influenzae and Streptococcus pneumoniae, respectively. The
bacterial suspension for inoculum was prepared based on optical density of
625 nm to be approximately 5 X 10¢ CFU/well as final inoculum size. The 96
well plates were incubated at 35°C for 16 to 20 hours. The MIC endpoint was
defined as the lowest concentration of the compound that inhibited bacterial

growth as detected by the unaided eye.

Kinetic Solubility Assay.

Compounds in dimethylsulfoxide (10 mmol/L) were diluted into the aqueous
phosphate buffer solution (pH 6.8) with the final dimethylsulfoxide
concentration being 1%. After 1 h of incubation, precipitates produced was

filtered through a membrane filter and the filtrate was quantified with
LC/MS.

Parallel Artificial Membrane Permeability Assay (PAMPA).

PAMPA was applied to measure compounds for passive diffusion. This
study employed the Gentest Precoated PAMPA Plate System (Corning Life
Sciences). The system is composed of a 96-well plate/insert system. Two
fluidfilled compartments (donor well and receiver well) are separated by a
polyvinylidene fluoride (PVDF) filter plate precoated with a phospholipid-oil-
phospholipid trilayer primarily consisting of dioleoyl phosphatidylcholine
(DOPC) phospholipids. Compounds of interest were dissolved in 2%
dimethylsulfoxide in aqueous phosphate buffer solution (pH 6.8). Solutions
were added to donor wells at a volume of 0.3 mL. The filter plate, containing
acceptor wells filled with 0.2 mL 2% dimethylsulfoxide in PBS solution (pH
7.4), was placed on top of the donor plate. The entire system was incubated
for 4 h at 25 °C. Following incubation, solution was removed from donor and

acceptor wells. The removed solution was analyzed by ultra performance
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liquid chromatography (UPLC), and permeability of compound was calculated.

Using these measured experimental permeability rates,

as well as

permeability data from literature, we are able to divide our data into three

groups; high permeability, medium permeability, low permeability. The

boundaries between these regions are defined by using the permeability

coefficient midpoints between different model compounds of known

permeability categories.2 3

Compound permeability coefficient Permeation category
(107 (-6)*cm/s)
Ketoprofen 2.19 high
Metoprolol tartrate 0.91 high
Atenolol 0.09 medium
Furosemide 0.19 medium
Sulpiride 0.03 low
Lisinopril hydrate 0.00 low
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Reagents and conditions: (a) PMBCI, NaBr, DMF, 99%; (b) 4-bromobut-1-ene, K2COs,
Nal, DMF, 65 °C; (c) AgClO4, EtOAc, rt.
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tert-7 N XU HIVAR =NV EERE LAY 71, 72 ZRIEFHRL L 72,
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Scheme 2-2. (L&Y T1~T76 DAL & BRALSUGS DR

BocHN—4
il

CO,PMB
31

S o}
RHN |
N | NH S
(0]
COH N\H)\ORz

—— 68, Ry = Boc, R, = allyl, 88% o
69, Ry = Boc, R, = homoallyl, 85%
70, Ry = Boc, R, = 5-hexenyl, 85%

71, Ry = H, R, = allyl, 62%
72, Ry = H, R, = homoallyl, 68%

-

5% o
mWﬁlYLH s
| |
e N O:l;rll/ P SYN\N
! N'WA
oo I 0
(L)N(J)n

Reagents and conditions: (a) TFA, CH2Cls,

BocHN—4 j\/lL

J?Yk—’

CO,H

mw%jwk
%k/
COzRg N\”)\OR2

73, Ry = H, Ry = allyl, R; = allyl, 9% ©
74, Ry = Boc, R, = homoallyl, R3 = allyl, 21%
75, Ry = Boc, R, = 5-hexenyl, R3 = allyl, 23%
76, Ry = Boc, R, = 5-hexenyl, R; = 4-pentenyl, 24%

55, R=H, m = 1, n = 1, not detected

56, R=Boc, m = 1, n = 2, not detected

57, R=Boc, m =1, n = 4, 3% (HPLC peak area%, UV:254 nm)
58, R=Boc, m = 3, n = 4, 21% (HPLC peak area%, UV:254 nm)

0 °C, 89%; (b) 59~61, K2COs, BSA,

acetonitrile, 0 °C; (c) 2 M AlCls/nitromethane, anisole, CH2Cls, -30 °C; (d) (1)
corresponding alcohol, EDC -HC1, HOBt, CH2Cls, rt; (ii) mCPBA, CH2Cls, -40 °C; (iii)
PBrs, DMF, -40 °C; (iv) 2 M AlCls/nitromethane, anisole, CH2Clz, -30 °C; (e) Grubbs II,

CHzCle, reflux.

I AL EM D in vitro HLEIENE

AEAb e LT EE CThH 216 71, 72 @ In vitro HiFEIETE% Table
11509, 71 272 1% 3 (ViIEgE i 7 v VLA FR7- 720y CTRX & EhEg L C

BT T DGR - 7T b

EIFERLVHRERH D XD
W2k E—ET 5 2
F VIR VBRSO )
FEATLMERDHD EEZLND,

SR ISk U CRAREE OFTEIEE 2 R Lz,
T IR ERF NI T AR L L CHEEDN KX S HTET 5,
IZ 4 M= ATV TITPRETEEDR HE VO bz
LD, B PiEiEtEEZ 9729
WCEHESND L7 A T VA FT AF )L 2T LG

—J T,
Dz

WZIFAEARNT 4 fif
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Table 2-1. £FEALAEWD in vitro HLETEE

MIC2 (ug/mL)
species strain ID 71 72 CTRX | CFPN-PI | CFPN
E. coli NIHJ JC-2P 0.5 2 0.25 >32 0.5
S. pneumoniae SR16675¢ 1 0.5 2 >32 0.5
H. influenzae SR114354 0.25 0.25 0.25 >32 2
B. subtilis ATCC6633¢ 1 1 1 >32 0.25
E. cloacae ATCC13047¢ 16 8 32 >32 8
S. marcescens | ATCC13880°¢ 1 2 1 >32 1

aMinimum Inhibitory Concentration values. PReference 22. ¢A penicillin-resistant
Streptococcus pneumoniae strain. 4A beta-lactamase non-producing ampicillin-
resistant Haemophilus influenzae strain. ¢These strains were Purchased from
American Type Culture Collection (ATCC).

U bEX 0 ARoFERAENEZZE LZ LT Ot om b & B iEiE
PEATNET D720, EERNT 4 fiDNVRUBIIER LEL EEZBNLT L
FHXUAFLUBVIET AR DNRZ T XU AT L UG AE A LT 20
BRUEO~ oA I VEEKTHI L L, FinETICETZ 7R
R vaEHWe~s 7oA 7 ALOBRER 2N ENG ARA X BV A U7
xR, w7 a T 7 hiAbk, DAVT ¢ MMl EREx OBLROSE V., BT
D 4 S>OILEY T7~80 DEKEFTT 5 Z & & Liz(Figure 2-7),

H2N—<\S\ ? § S HN— |
g\ l*ﬁ]} &
0o

o 7N
A O)\O/—\ /&

77, MW : 692, 20-membered ring 78, MW : 728, 21-membered ring

HN—G |
jﬁ); j/:rf\/ N\? J;IL// S IL

N
N o) ok 0”0
o © o)\o
0 _L o)\o H
_s——s
79, MW : 754, 23-membered ring 80, MW : 821, 25-membered ring

Figure 2-7. BE L7~ 7 a¥ A 7L T7~80 D&
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W SR~ oY A T VDAL

F—H ARAZ BV ANZ LD~ 7 a¥ A 7 VDGR

AR A Z E VAR E W~ 27 a4 70 77T OEKRIZHTZ0, X UDHIZE
DREIBKATH DV 81 # Ak L7-(Scheme 2-3), = VLT v /LA F v A F )L
82 1%, M/l K 83 1TxfTH/XTHRNLALT LT RBLXOHLHEHIZCL D
ATV 84 ~DEM L AT LT NIV U ACE DI UFLIC L VR L, (LAY
69 LB L7 82 ORBEZEMISICEI D YV 81 5k LT,

Scheme 2-3. EBRILAIHKA 81 DAL

O (@] (@]
\/\)J\m 2 WJ\O/\CI # \/\)J\O/\
83 84 82

S o)
S \ °) BocHN"<\ \
BocHN"<\ N NH
| S
N
(0] (0] ©
69 o 81 o W S

Reagents and conditions: (a) paraformaldehyde, ZnClz, 0 °C to rt, 41%; (b) Nal, acetone,
rt, 91%; (c) 82, NaHCOs, K2COs, DMF, -40 °C, 38%.

FiRovx 81 ZHWT, MR A XL ARG EHE L= (Table 2-2), % —
A7 7 7 A2 =356, JEBRED 85 215 7/=(entry 1), & {777
AR E 72135 2 RS X7 T T ARG L7235 A IRWDIERZR NS
85 #1%7-(entry 2, 3), LM IEL . “EBIKEHEE SN H{LEMELEOLEE 72
WERRBIN G LN, RIRICE E -T2 &5 2T 5, LCMS o464
IWRFEUBET N T4 YT a eV ERINT S 2 & TRIGEIEN L L(entry 4),
BRI AN ST X UEET T A Y T a EAF(E FTCH 2 T T 7 Afhit A
FHTHZ LT85 % 25%DINETHL Z LN TX7(entry 5), 85 D tert-7 b
XUANKR=NELET =Y = VOFE AT VI =T LATREL, v/
A7V 5T,
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Table 2-2. FABR A ¥ &L ARG E AW TZALEY 71T DERK

S 0
BOCHN’QN]\/U\ RHN— M
NH
NI S | catalyst, additive
0 N~ S_ _N. CH,Cls, rt to reflux
! o 'y

o  NNo
o © AN o
o o)\/\/ x OW

2M AICl3/nitromethane 85. R = Boc
anisole, -40 °C 77 R=H
53% ’
Ny N/—\N """
P(C SN N— <= S——
\(_@Ph /QNTNQ T\\CI
Ru— Cl.. Ru=
c” | ot c” @
P(Cy)s P(Cy)s Ph YO
Grubbs | Grubbs Il Hoveyda-Grubbs Il
entry catalyst additive | yield (%) | *weight yield,
" bThe first-
1 Grubbs I None trace. generation
2 Grubbs IIc None 15% Grubbs
talyst, <Th
3 Hoveyda-Grubbs I1¢ None 9% caralys seconde-
4 Hoveyda-Grubbs II¢ | Ti(OzPr)4 4% generation
. Grubbs
C (V)
5 Grubbs II Ti(O1Pr)4 25% catalyst, dThe

second generation Hoveyda—Grubbs catalyst.
B T NAFRMERIRIC L D~ 7 YA I VDGR

DT NF USRI L B~ 7 aY A 7L T8 DA% Scheme 2-4 (2504 L 7=,
TF L) a—)8k /X nn AF /L CIHE L 87 ~L L7,
It P T AERHNTI— ATV 88 L LT, L& 67 12k L BSA 177£
T, 6-8 KX -2-AFN-3-F A4 F4FV-34-Vk Fu-1,24- NV TV ) o &1E
FASEDZETHURUEE 89 ~LiEW=, 557z 89 (2 Lk 88 Z/EH &
AW 900 2157-Db. tert-7 XV HNVR=NVEEBRETHZE T Y
AT NVT8 BHEK LT,
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Scheme 2-4. &Y 78 DAL
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Reagents and conditions: (a) chloromethyl chloroformate, pyridine, CH2Clz, 0 °C to rt,
80%; (b) Nal, acetone, rt, 91%; (c) 6-hydroxy-2-methyl-3-thioxo-3,4-dihydro-1,2,4-triazin-
5(2 H)-one, K2COs, BSA, acetonitrile, 0 °C, 61%; (d) 88, DMF, -40 °C to 0 °C, 18%; (e) 2 M

AlCls/mitromethane, anisole, CH2Clz, -40 °C, 75%.

W ~o7uT 7 MALKISIC LK D~ at A 7 DGR

XTI 3 AIEE 91 DA% % Scheme 2-5 12507, 5-7 1m0 % Uik 92 %
TUNLZATI93 L L, 63 & OREEHKIGIZEY 94 2157, Ho7- 94
D p AR RUNVERIBERBIRIC L VRET S 2 LT 3 (0AlEH 91 ~ &
"N, £ 4 NEE 95 1 XTHTIRD 2-tert- 7 F AT AF L Y vF R K )

— 967 uuXErsoa A FNVEEASE, 7 XF)L 97 L L2,
vFENTDHZ L TER LT,

=)
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Scheme 2-5. 3 (i HI85 91 & 4 (\iHI85 95 DA FK

0o a o b
Br/\/\)J\OH Br/\/\)J\OAIIyI
92 93
PMBS lll S lll
Tl A, —— TH A
j\)\o OAllyl j\)\o OAllyl
0 0
94 91
Cl__O I__O
o d ~~ \n/o\/\OTBS e ~ \n/o\/\OTBS
~"0TBS 0 o
96 97 95

Reagents and conditions: (a) oxalyl chloride, cat. DMF, 0 °C to rt; allyl alcohol, rt, 87%:;
(b) 63, K2COs, Nal, DMF, 65 °C, 69%; (c) AgClO4, EtOAc, rt, 82%; (d) chloromethyl
chloroformate, pyridine, CH2Cls, 0 °C to rt, quant.; (e) Nal, acetone, rt, quant.;

yanaAFL 6T I LT ER L 3 MM 91 238 AT 52 & THNAR
98 %#157-, & iL7- 98 ([ZxF LT 4 frfllgH 95 #EA L= AT /)L 99 L L7=-
(Scheme 2-6), tert-7 F IV AF I UKL T U LEE 1 ERETHREL, &
afig 100 & L7z, 55472 100 (2% LsAREE T PyBOP 2 W=7 7 Ko
Blckv~=2rua5 7 NoE2BEN, B 7 2 MERNOF VT 4 o ORME(A2 Bk
BOER) BT, AX 7 m iR ZBHFRIZE 28, —8(LU ik
HmIL L7eth, HALT VI =L E D tert-7 PRV HNR S NIEEBREERT
~rnu77 ~NoT79 BEK LT,

81



Scheme 2-6. {LE&Y 79 DARL
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Reagents and conditions: (a) 91, K2COs, BSA, acetonitrile, 100%; (b) 95, NaHCOs, K2COs,
DMEF, -40 °C, 49%; (c) HCO:H, THF, H20(3/6/1), rt; Pd(PPhs)4, rt, 86%:; (d) (i) PyBOP,
DMAP, CH:Cls, rt, 63% (a mixture of A2 isomer); (ii) mCPBA, CHzCls, -40 °C; (iii) PBrs,
DMTF, -40 °C; (iv) 2 M AlCls/nitromethane, anisole, CH2Clz, -30 °C, 74% in 3 steps.

HWUIE ALV T 4 NMeRSic L b~ 7 a¥- A 7 VDA
BEGENOD 715 28 THR LT /va— 101 Ik LT/ e XiErsan XA F L%
HAwzuem AF/10102 & L7k, 3 UHRILTHZETI VL ATFILI08 & LTC

(Scheme 2-7), CTRX (243 LA F L 108 S H= 250104 & L7=
%, AVBFETIANLT 4 NMbS®H T2 ut A 7L 80 2157,
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Scheme 2-7. L& 80 DA%
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Reagents and conditions: (a) chloromethyl chloroformate, pyridine, CH2Cls, 89%; (b) Nal,
acetone, quant.; (¢c) 103, K2COs, DMF, -15 °C to 0 °C, 61%; (d) iodine, MeOH, H2O, rt,

15%.
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WIUET ~ 7 vt A 7 Ok R

L& T7~80 © PAMPA FEAfifE SR, VU o EetRmE 7z (pH 6.8)HH DVEMRE A N
7w ORANA T T XA Z YT 1 (Fh% Table 2-3 [Z/R7, ARG L7k
AW 80 RV TIRWIRB M 2 R Uiz, £7- 77, T8 IERANA FT A Z
EU T 4 bk o Tz, £ALEY 80 IXH R DORLFEIEMEE R L7223, #& O IY
PEIXHRIE A TH S 3 ° CTRX & ik L CRIEE CTH o 7=, BOERMED S E
MARF3Tho7T-Z LA, 80 2% B AR J7 AR s 2 i (JP2, pH 6.8)iZ
BWT 3 FFIRIEDRIEDRFR L > TEY | MLEICBIT DR EMENME
Mol Z EBEKE LTEZ BN 5H(80:JP1:91.2%, JP2:50.1%), £7-{bEW 77
FM 2N T CTRX ~E A S NTHE L TV D AR S & X DIVIES, i
AR 512 & 2 S ENRERRBASC in vivo [N R DFER NS 7T XKW TE
AR G- 2 3% IITIRIETER S D 2 & D3 B S iz,

Table 2-3. &HE~ 7 1A 7 WALEW) O FHARE 5

0”>or NN or

77 78
j’ o)
ceftriaxone (CTRX) R=H, 3 R = POM Re O s .EO O)\ o
" ™o DS
O O \
o Yo (_s
79 8

0

Compounds MW PAI'VI.PA FPAMPA K?'r.letic Fpo (%)e
coefficient | category® | solubility (uM)

77 692 0.00 low 46.4 N.D.d
78 728 N.D.d - N.T.e 0.1

79 754 N.D.d - >50 N.T.e
80 821 0.11 medium 7.5 0.7
3 (CTRX-di-POM) | 782 N.D.d - 3.3 1.0
CTRX 555 - - >50 0.7

aPermeability coefficient in PAMPA (107(-6)*cm/s). PPermeation category in
PAMPA. ¢Calculated by AUC of Ceftriaxone formed from prodrugs administrated
orally / AUC of Ceftriaxone administrated intravenously. dNot Detected. eNot
Tested.

E72 7T T WX BARBMRE AR L TWDIC BB 5T 3 1Tk L CEEE M
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DUENFRD LTV, OO\ E&2FERT 512H720 | Fl 35—
BB T7 /K0T u RT v bR EZMAELED Z &, BWidfho
<7 uY A 7 ILEWICB O TSN TWD X 512y FRIELRE RS 215
L. M2 Bim DB & KA & TR D REREL & D X D ey Fikdt
AT HI IR, BEwRMEERESED I ENEETHDHEELZTWVD
24(Figure 2-8),

In Aqueous Solution In Aqueous Solution

In Phospholipid
Bilayer

® : HBD

O : HBA

[ ]
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Figure 2-8. KV T & JIEHE " HBE P TR 72 5 ZERUHEIZ S W T O X

F LB 7T O 1n vitro HUETEVEZ SR L 7= (Table 2-4), THIN/-#EY &
THRXUERF VL TROND X DICANZRATVTH AW TT DT T L
PEESC 7 T LM IR T A PUEEMIL 71 0 72 Ll L TR & <WE9 L7z,



Table 2-4. £FEALAEWD in vitro HLETEE

MICa (ug/mL)
species strain ID 77 71 72 CTRX
E. coli NIHJ JC-2P 16 0.5 2 0.25
S. pneumoniae SR16675¢ 32 1 0.5 2
H. influenzae SR114354 4 0.25 0.25 0.25
B. subtilis ATCC6633¢ >32 1 1 1
E. cloacae ATCC13047¢ >32 16 8 32
S. marcescens ATCC13880¢ 16 1 2 1

aMinimum Inhibitory Concentration values. PReference 22. ¢A penicillin-
resistant Streptococcus pneumoniae strain. 94A  Dbeta-lactamase non-
producing ampicillin-resistant Haemophilus influenzae strain. €These
strains were Purchased from American Type Culture Collection (ATCC).
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Experimental for Chapter 2

Synthesis

Compound 63

To a solution of 62 (9.06 g, 50.0 mmol) in N, N-dimethylformamide (91.0
mL) were added p-methoxybenzyl chloride (8.17 ml, 60.0 mmol) and sodium
bromide (6.17 g, 60.0 mmol) at 0 °C, and then the mixture was stirred at room
temperature for 2 h. After removal of NV, N-dimethylformamide, to the mixture
were added ethyl acetate and water with stirring for 10 min. The resulting
precipitate was filtered and washed with water and dried under reduced
pressure to give 63 (13.8 g, 99%) as a white solid. 1H NMR (400 MHz, DMSO-
ds) 8: 7.35 (2H, d, J= 8.5 Hz), 6.88 (2H, d, /= 8.7 Hz), 4.37 (2H, s), 3.73 (3H,
s), 3.54 (3H, s). HRMS (ESD) m/z [M+H]* caled for C12H13N30sS 280.0750;
found 280.0746.

Compound 65

To a solution of 63 (8.98 g, 30.6 mmol) in N, N-dimethylformamide (53.9
mL) were added 4-bromobut-1-ene (15.4 ml, 153 mmol), potassium carbonate
(5.08 g, 36.7 mmol) and sodium iodide (4.59 g, 30.6 mmol), and then the
mixture was stirred at 65 °C for 6 h. After removal of N, N-dimethylformamide,
water was added to the mixture followed by extraction with ethyl acetate. The
combined organic layer was washed with water and brine, dried over MgSQOy,
filtered, and evaporated. Diisopropyl ether was added to the residual solid,
which was collected by filtration and dried under reduced pressure to give 65
(6.10 g, 60%) as a white solid. TH NMR (400 MHz, CDCls) &: 7.33 (2H, d, J=
8.6 Hz), 6.85 (2H, d, J = 8.3 Hz), 5.91-5.81 (1H, m), 5.18-5.09 (2H, m), 4.46
(2H, s), 4.22 (2H, t, J= 7.1 Hz), 3.79 (3H, s), 3.65 (3H, s), 2.59 (2H, dt, J= 6.8,
6.8 Hz). HRMS (ESI) m/z [M+HI]* calcd for Ci16H19N3503S 334.1220; found
334.1214.

Compound 64

Compound 64 was prepared by a procedure similar to that used for
compound 65. A yellow solid, 86%. 'H NMR (400 MHz, CDCls) §: 7.33 (2H, d,
J=8.6 Hz), 6.85 (2H, d, /= 8.8 Hz), 6.06 (1H, ddt, J=16.4, 10.6, 5.8 Hz), 5.41
(1H, dd, J=17.3, 1.4 Hz), 5.31 (1H, dd, J=10.4, 1.0 Hz), 4.71 2H, d, J=5.8
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Hz), 4.45 (2H, s), 3.79 (3H, s), 3.65 (3H, s). MS (ESD: m/z 320 [M+H]*.

Compound 66

Compound 66 was prepared by a procedure similar to that used for
compound 64. A pale yellow solid, 82%. 'H NMR (400 MHz, CDCls) &: 7.33
(2H, d, /= 8.6 Hz), 6.85 (2H, d, /= 8.8 Hz), 5.80 (1H, ddt, /= 17.2, 10.7, 6.5
Hz), 5.04-4.95 (2H, m), 4.45 (2H, s), 4.17 (2H, t, J= 6.7 Hz), 3.79 (3H, s), 3.65
(3H, s), 2.10 (2H, dt, /= 6.5, 6.5 Hz), 1.84 (2H, tt, J= 6.5, 6.5 Hz), 1.58-1.50
(2H, m). MS (ESD): m/z 362 [M+H]*.

Compound 60

To a solution of 65 (500 mg, 1.50 mmol) in ethyl acetate (5.00 mL) was
added silver perchlorate (311 mg, 1.50 mmol). The mixture was stirred at
room temperature for 2 h, then filtered. To the resulting precipitate were
added ethyl acetate and water. To this mixture was added 2 mol/L aqueous
hydrochloric acid with stirring at room temperature for 10 min. The mixture
was extracted with ethyl acetate and the aqueous layer was extracted with
tetrahydrofuran / ethyl acetate (1/1) twice. The combined organic layer was
dried over MgSOys, filtered, evaporated and dried under reduced pressure to
give 60 (320 mg, quant.) as a white solid. 'H NMR (400 MHz, CDCls) &: 9.37
(1H, br s), 5.89-5.79 (1H, m), 5.20-5.12 (2H, m), 4.26 (2H, t, J= 6.8 Hz), 3.84
(3H, s), 2.58 (2H, dt, J= 7.3, 6.8 Hz). 13C{1H} NMR (100 MHz, CDCls) §: 170.4,
151.0, 148.1, 133.2, 118.2, 68.2, 45.2, 32.6. HRMS (ESI) m/z [M+H]* calcd for
CsH11N302S 214.0645; found 214.0644.

Compound 59

Compound 59 was prepared by a procedure similar to that used for
compound 60. A white solid, 74%. 'H NMR (400 MHz, CDCls) &: 9.61 (1H, s),
6.03 (1H, ddt, J=17.4, 10.4, 5.8 Hz), 5.45 (1H, dd, J=17.4, 1.5 Hz), 5.36 (1H,
dd, J=10.4, 1.5 Hz), 4.73 (2H, ddd, J= 5.9, 1.3, 1.3 Hz), 3.84 (3H, s). 13C{1H}
NMR (100 MHz, CDCls) 6: 170.4, 151.0, 148.3, 130.7, 120.4, 69.5, 45.1. HRMS
(ESD m/z [M+H]* caled for C7HoN302S 200.0488; found 200.0489.

Compound 61
Compound 61 was prepared by a procedure similar to that used for
compound 59. A yellow oil, 44%. 'H NMR (400 MHz, CDCls) &: 9.47 (1H, s),
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5.80 (1H, ddt, /= 17.2, 10.7, 6.5 Hz), 5.05-4.97 (2H, m), 4.21 (2H, t, J= 6.6
Hz), 3.84 (3H, s), 2.12 (2H, dt, J= 6.5, 6.5 Hz), 1.84 (2H, tt, J= 6.5, 6.5 Hz),
1.59-1.51 (2H, m). 13C{1H} NMR (100 MHz, CDCl5) 6: 170.2, 151.6, 148.2, 138.2,
115.2, 69.1, 45.2, 33.3, 27.7, 25.1. HRMS (ESID) m/z [M+H]* caled for
C10H15N302S 242.0958; found 242.0958.

Compound 67

To a solution of 31 (45.0 g, 69.0 mmol) in dichloromethane (225 mL) was
added trifluoroacetic acid (135 mL) at 0 °C , and the mixture was stirred at
0 °C for 30 min. To this resulting mixture were added diisopropyl ether (100
mL), dichloromethane (100 mL) and water (300 mL) and the mixture was
stirred at 0 °C for 5 min, followed by extraction. The organic layer was washed
with water twice and brine, and then dried over MgSQO4, filtered and
evaporated under reduced pressure. To this resulting residue was added
diisopropyl ether (200 mL) with stirring at room temperature for 10 min. The
mixture was filtered, and the residue was washed with diisopropyl ether and
concentrated in vacuo to give 67 (32.5 g, 89%) as a white solid. TH NMR (400
MHz, CDCly) &: 8.16 (1H, d, J= 7.1 Hz), 7.65 (1H, s), 5.79 (1H, dd, /= 5.3, 6.8
Hz), 5.05 (1H, d, J= 5.3 Hz), 4.57 (1H, d, J= 11.9 Hz), 4.44 (1H, d, J= 11.6
Hz), 4.18 (3H, s), 3.66 (1H, d, J=18.4 Hz), 3.53 (1H, d, J=18.2 Hz), 1.58 (9H,
s). BC{1H} NMR (100 MHz, CDCls) &: 164.8, 163.8, 162.9, 162.9, 161.2, 152.5,
146.0, 128.8, 125.8, 113.5, 83.2, 63.7, 59.8, 57.9, 43.1, 28.2, 27.9.

Compound 68

To a solution of 67 (6.38 g, 12.0 mmol) in acetonitrile (51.1 mL) was added
N, Obis(trimethylsilylacetamide (3.91 ml, 12.00 mmol) at 0 °C, and the
mixture was stirred at 0 °C for 5 min. To this resulting mixture were added
compound 59 (1.91 g, 9.60 mmol) and potassium carbonate (1.66 g, 12.00
mmol) and acetonitrile (12.8 mL), and the mixture was stirred at 0 °C for 20
min. 2 mol/L aqueous sodium hydroxide solution was added to the mixture to
adjust the pH to around 4.0, with stirring for 1 h at 0 °C. To this resulting
mixture were added diisopropyl ether, ethyl acetate, water and 2 mol/L
aqueous sodium hydroxide solution followed by extraction. The aqueous layer
was added sodium chloride and extracted with tetrahydrofuran twice and the
combined organic layer was dried over MgSOy, filtered, evaporated under

reduced pressure and concentrated in vacuo. to give 68 (7.35 g, 88%) as an
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orange foam. 'H NMR (400 MHz, DMSO-dp 6: 11.75 (1H, s), 9.61 (1H, d, J=
8.1 Hz), 6.66 (1H, s), 7.25 (1H, br s), 6.05 (1H, ddt, J=10.6, 16.2, 5.6 Hz), 5.65
(1H, dd, J= 8.0, 4.7 Hz), 5.42 (1H, dd, J=17.3, 1.4 Hz), 5.30 (1H, dd, J= 10.6,
1.5 Hz), 5.04 (1H, d, J= 4.8 Hz), 4.65 (2H, d, J= 5.8 Hz), 4.38 (1H, d, J=12.9
Hz), 4.22 (1H, d, J= 12.6 Hz), 3.86 (3H, s), 3.70-3.57 (5H, m), 1.47 (9H, s). MS
(ESD: m/z 695 [M+H]*.

Compound 69

Compound 69 was prepared by a procedure similar to that used for
compound 68. A pale yellow solid, 85%. "H NMR (400 MHz, DMSO-dy) &: 11.78
(1H, s), 9.60 (1H, d, J= 8.0 Hz), 7.23 (1H, s), 5.84 (1H, ddt, J=17.1, 10.3, 6.5
Hz), 5.60 (1H, dd, /= 8.0, 4.4 Hz), 5.18-5.07 (2H, m), 5.01 (1H, d, /= 4.5 Hz),
4.33 (1H, d, J=12.3 Hz), 4.20 (1H, d, J= 35.9 Hz), 4.14 (2H, t, J = 6.8 Hz),
3.88-3.81 (4H, m), 3.67-3.53 (5H, m), 2.50-2.43 (2H, m), 1.46 (9H, s). MS (ESD):
m/z 709 [M+H]*.

Compound 70

Compound 70 was prepared by a procedure similar to that used for
compound 68. A pale yellow solid, 85%. TH NMR (400 MHz, DMSO-dy) §: 11.73
(1H, br s), 9.57 (1H, d, J= 8.2 Hz), 7.30-7.22 (2H, m), 6.65 (1H, br s), 5.81 (1H,
ddt, J=17.0, 10.5, 6.6 Hz), 5.60 (1H, dd, J= 7.8, 4.4 Hz), 5.05-4.95 (3H, m),
4.35 (1H, d, J=12.7 Hz), 4.22 (1H, d, J= 12.4 Hz), 4.10 (2H, t, J = 6.5 Hz),
3.86 (3H, s), 3.62-3.61 (4H, m), 2.07 (2H, dt, J= 6.8, 6.8 Hz), 1.76-1.67 (2H,
m), 1.50-1.42 (11H, m). 13C{1H} NMR (100 MHz, DMSO-dp &: 171.5, 164.3,
162.8,162.5,161.9, 154.8, 152.2, 148.8, 141.8, 138.5, 138.4, 134.1, 115.0, 114.9,
114.4, 81.3, 67.1, 62.0, 58.1, 57.2, 42.4, 34.0, 32.7, 27.9, 27.3, 26.2, 24.6. MS
(ESD: m/z 737 [M+H]*.

Compound 71

Compound 71 was prepared by a procedure similar to that used for
compound 10. A white solid, 53%. 'H NMR (400 MHz, DMSO-dp &: 9.63 (1H,
d, J= 8.3 Hz), 7.20 (2H, br s), 6.73 (1H, s), 6.05 (1H, ddt, /= 16.8, 10.8, 5.6
Hz), 5.76 (1H, dd, J= 7.7, 4.4 Hz), 5.43 (1H, d, J=17.2 Hz), 5.31 (1H, d, J =
10.4 Hz), 5.13 (1H, d, /= 4.8 Hz), 4.59 (2H, d, J=5.3 Hz), 4.35 (1H, d, J=12.7
Hz), 4.11 (1H, d, J = 13.3 Hz), 3.82 (3H, s), 3.74-3.55 (5H, m). 13C{1H} NMR
(100 MHz, DMSO-dy &: 168.4, 163.5, 163.1, 163.0, 161.3, 154.6, 151.8, 149.0,
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142.5, 132.1, 131.8, 119.1, 119.0, 108.9, 67.7, 61.9, 58.6, 57.5, 42.5, 32.8, 27.8.
MS (ESD): m/z 595 [M+H]*. Anal. Caled for C21H22NgQ7S3(H20)5.4(C4Hs02)o 1
C, 36.68; H, 4.83; N, 15.99; S, 13.73. Found: C, 36.79; H, 4.28; N, 15.68; S,
13.54.

Compound 72

To a solution of 69 (80.0 mg, 0.113 mmol) in dichloromethane (1.00 mL)
were added anisole (99.0 ul, 0.903 mmol) and 2 mol/L aluminium chloride
solution in nitromethane (0.451 ml, 0.903 mmol) at -30 °C, and the mixture
was stirred at -30 °C for 30 min. To this resulting mixture were added
diisopropylether and water followed by filtration. This resulting residue was
dissolved using water and acetonitrile, and to the aqueous crude solution was
added HP20SS. The mixture was concentrated, charged onto an HP20SS
column, and chromatographed with aqueous acetonitrile. The fractions
containing the desired product were collected and the pH of the solution was
adjusted to around 6.0 using aqueous sodium bicarbonate solution. The
resulting solution was concentrated and lyophilized to give 72 (56.0 mg, 68%)
as a white powder. 'H NMR (400 MHz, D20) §: 7.00 (1H, s), 5.94 (1H, ddt, J=
17.2, 10.6, 6.8 Hz), 5.79 (1H, d, J= 4.5 Hz), 5.22-5.13 (3H, m), 4.41-4.33 (3H,
m), 4.11 (1H, d, J= 13.6 Hz), 3.99 (3H, s), 3.79-3.75 (4H, m), 3.49 (1H, d, J =
18.2 Hz), 2.58 (2H, dt, /= 6.3, 6.6 Hz). MS (ESD) m/z 609 [M+H]*. Anal. Calcd
for C22H23NsNaO7S3(H20)39(NaHCO3)o.4: C, 36.63; H, 4.28; N, 15.26; Na, 4.38;
S, 13.09. Found: C, 36.70; H, 4.30; N, 15.22; Na, 4.50; S, 13.04.

Compound 73

To a solution of 68 (4.20 g, 6.05 mmol) in dichloromethane (16.8 mL) were
added 1-hydroxybenzotriazole (1.63 g, 12.09 mmol), allyl alcohol (12.4 ml, 181
mmol) and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(2.32 g, 12.1 mmol) and the mixture was stirred at room temperature for 2 h.
To this resulting mixture were added 0.1 mol/LL aqueous hydrochloric acid
solution and dichloromethane followed by extraction. The organic layer was
washed with saturated aqueous sodium bicarbonate solution, water and brine,
dried over MgSOy, filtered, and then evaporated under reduced pressure and
concentrated in vacuo. to give allyl ester (3.18 g) as an orange foam. MS (ESI):
m/z 735 [M+H]*.

To a solution of allyl ester obtained above (3.18 g, 4.33 mmol) in
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dichloromethane (31.8 mL) was added m-chloroperoxybenzoic acid (~70%,
1.17 g, 4.76 mmol) at -40 °C, and the mixture was stirred at the same
temperature for 45 min. To this resulting mixture were added saturated
sodium bisulphite solution and extracted with dichloromethane. The organic
layer was washed with saturated aqueous sodium bicarbonate solution, water
and brine, dried over MgSQOy, filtered, and then evaporated under reduced
pressure. The crude product was purified by flash column chromatography
(ethyl acetate/hexane) to obtain sulfoxide (2.20 g, 68%) as white solid. H
NMR (400 MHz, DMSO-dp §: 11.75 (1H, br ), 9.08 (1H, d, J= 7.8 Hz), 6.10-
5.91 (3H, m), 5.43 (2H, d, J= 15.9 Hz), 5.29 (2H, dd, /= 16.3, 10.7 Hz), 4.98-
4.79 (3H, m), 4.66-4.62 (3H, m), 4.06-3.94 (3H, m), 3.89 (3H, s), 3.78 (1H, d, J
=18.4 Hz), 3.64 (3H, s), 1.47 (9H, s). MS (ESD: m/z 751 [M+H]*.

To a solution of sulfoxide obtained above (2.20 g, 6.05 mmol) in N, N
dimethylformamide (22.0 mL) was added phosphorus tribromide (0.553 ml,
5.86 mmol) at -40 °C and the mixture was stirred at the same temperature
for 20 min. To this resulting mixture were added water and ethyl acetate
followed by extraction. The organic layer was washed with saturated aqueous
sodium bicarbonate solution, water and brine, dried over MgSQy, filtered, and
then evaporated under reduced pressure. The crude product was purified by
flash column chromatography (ethyl acetate/hexane) to obtain sulfide (2.12 g,
99%) as a colorless foam. 'H NMR (400 MHz, CDCls) §: 8.35 (1H, br s), 7.24
(1H, s), 7.17 (1H, d, /= 8.3 Hz), 6.10-5.93 (3H, m), 5.42 (2H, d, J= 17.2 H2),
5.32 (2H, dd, J=10.6, 1.8 Hz), 5.09 (1H, d, J= 4.8 Hz), 4.84-4.72 (4H, m), 4.62
(1H, d, J=13.4 Hz), 4.20 (1H, d, /= 13.4 Hz), 4.07 (3H, s), 3.76-3.65 (5H, m),
1.54 (9H, s).

To a solution of sulfide obtained above (2.10 g, 2.86 mmol) in
dichloromethane (21.0 mL) were added anisole (1.87 ml, 17.2 mmol) and 2
mol/L aluminium chloride solution in nitromethane (8.57 ml, 17.2 mmol) at -
30 °C, and the mixture was stirred at -30 °C for 30 min. To this resulting
mixture were added diisopropylether and water followed by filtration. This
resulting residue was dissolved using water and acetonitrile, and to the
aqueous crude solution was added HP20SS. The mixture was concentrated,
charged onto an HP20SS and ODS column chromatography
(acetonitrile/water) to afford 73 (245 mg, 12%) as a white amorphous solid
after lyophilization. TH NMR (400 MHz, CDCls) &: 7.72 (1H, d, J = 9.0 Hz),
6.77 (1H, s), 6.09-5.91 (3H, m), 5.55 (2H, br s), 5.40 (2H, dt, J= 17.3, 1.8 Hz),
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5.30 (2H, dd, J= 9.7, 5.1 Hz), 5.08 (1H, d, J= 4.8 Hz), 4.83-4.70 (4H, m), 4.59
(1H, d, J=13.3 Hz), 4.16 (1H, d, J= 13.6 Hz), 4.03 (3H, s), 3.74-3.63 (5H, m).
13C{1H} NMR (100 MHz, CDCls) &: 168.3, 164.9, 162.6, 162.1, 161.5, 155.8,
152.6, 147.1, 142.3, 131.3, 131.3, 129.7, 125.2, 120.0, 119.8, 112.0, 68.9, 67.1,
63.5, 58.8, 57.5, 42.7, 32.9, 28.3. HRMS (ESID) m/z [M+H]* caled for
C24H26NsO7Ss 635.1159; found 635.1162. Anal. Caled for
C24H26Ns07S3(H20)0.s(CsHsO2)o.2: C, 44.68; H, 4.41; N, 16.81; S, 14.43. Found:
C, 44.64; H, 4.39; N, 16.90; S, 14.36.

Compound 74

Compound 74 was prepared by a procedure without Boc deprotection used
for compound 73. A colorless foam, 21%. 'H NMR (400 MHz, CDCls) §: 8.82
(1H, br s), 7.57 (1H, d, /= 7.7 Hz), 7.10 (1H, s), 6.10 (1H, dd, J= 8.8, 4.7 Hz),
6.02-5.92 (1H, m), 5.89-5.79 (1H, m), 5.40 (1H, d, J= 17.2 Hz), 5.30 (1H, d, J
= 10.3 Hz), 5.17-5.09 (3H, m), 4.82-4.74 (2H, m), 4.61 (1H, d, J = 13.4 Hz),
4.24-4.17 (3H, m), 4.06 (3H, s), 3.78-3.64 (5H, m), 2.58 (2H, dt, J= 6.8, 6.8 Hz),
1.53 (9H, s). 3C{IH} NMR (100 MHz, CDCls) &: 164.9, 162.4, 162.0, 161.5,
160.6, 155.7, 153.1, 152.3, 147.2, 141.3, 133.5, 131.3, 129.7, 125.3, 119.7, 117.8,
115.9, 83.1, 67.5, 67.1, 63.5, 58.9, 57.6, 42.7, 32.9, 32.7, 28.3, 28.3. HRMS
(ESD m/z [M+H]* caled for C30H36NgO9Ss 749.184; found 749.1836.

Compound 75

Compound 75 was prepared by a procedure similar to that used for
compound 74. A colorless foam, 23%. 'H NMR (400 MHz, CDCls) &: 8.66 (1H,
br s), 7.45 (1H, br s), 7.15 (1H, s), 6.09 (1H, dd, J= 9.0, 4.6 Hz), 5.98 (1H, ddt,
J=16.8,10.3, 6.3 Hz), 5.79 (1H, ddt, J=17.2, 10.6, 6.5 Hz), 5.41 (1H, dd, J=
17.2, 1.1 Hz), 5.31 (1H, d, J=10.5 Hz), 5.09 (1H, d, J= 5.0 Hz), 5.01 (1H, ddt,
J=17.2, 1.5, 1.5 Hz), 4.96 (1H, ddt, J=10.3, 1.5, 1.5 Hz), 4.83-4.74 (2H, m),
4.62 (1H, d, /= 13.3 Hz), 4.20-4.16 (3H, m), 4.06 (3H, s), 3.75-3.64 (5H, m),
2.10 (2H, dt, J=6.5, 6.5 Hz), 1.84 (2H, tt, J=6.5, 6.5 Hz), 1.57-1.49 (11H, m).
13C{1H} NMR (100 MHz, CDCls) &: 164.8, 162.3, 161.8, 161.5, 160.5, 155.9,
153.2, 152.2, 147.1, 141.3, 138.3, 131.3, 129.6, 125.2, 119.8, 116.0, 115.1, 83.1,
68.4, 67.1, 63.6, 58.9, 57.5, 42.7, 32.9, 28.3, 28.2, 27.8, 25.2. HRMS (ESI) m/z
[M+H]* caled for C32H40Ng09S3 777.2153; found 777.2158.
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Compound 76

Compound 76 was prepared by a procedure similar to that used for
compound 74. A white solid, 24%. 'TH NMR (400 MHz, CDCls) §: 8.72 (1H, br
s), 7.48 (1H, br s), 7.14 (1H, s), 6.09 (1H, dd, J= 9.2, 4.9 Hz), 5.86-5.74 (2H,
m), 5.10-4.95 (5H, m), 4.60 (1H, d, /= 13.3 Hz), 4.35-4.24 (2H, m), 4.20-4.16
(3H, m), 4.06 (3H, s), 3.75-3.64 (5H, m), 2.19-2.07 (4H, m), 1.87-1.79 (4H, m),
1.53 (11H, t, J = 14.9 Hz). 13C{1H} NMR (100 MHz, CDCls) &: 164.8, 162.3,
161.9, 161.8, 160.5, 155.9, 153.2, 152.3, 147.1, 141.3, 138.3, 137.3, 129.2, 125.4,
116.0, 115.7, 115.1, 83.1, 68.3, 66.0, 58.8, 57.5, 53.6, 42.7, 33.4, 32.9, 30.1, 28.3,
28.2, 27.8, 27.7, 25.2. HRMS (ESI) m/z [M+HI* caled for C3sH44NsOoSs
777.2153; found 777.2158.

Compound 84

To paraformaldehyde (3.34 g, 111 mmol) was added 83 (11.0 g, 93.0 mmol)
dropwise at 0 °C for 5 min, followed by the addition of zinc chloride (0.126 g,
0.928 mmol). The mixture was stirred below 30 °C for 2 h and quenched with
water. The mixture was extracted with dichloromethane, and dried over
MgSOy, filtered, and evaporated. The resulting residue was distilled (20 Torr,
100 °C) to give 84 (5.69 g, 41%) as a colorless oil. 'TH NMR (400 MHz, CDCls)
§: 5.87-5.77 (1H, m), 5.71 (2H, s), 5.10-5.02 (2H, m), 2.52-2.38 (4H, m).

Compound 82

To a solution of 84 (4.10 g, 27.6 mmol) in acetone (12.3 mL) was added
sodium iodide (8.27 g, 55.2 mmol), and the mixture was stirred at room
temperature for 5 h. The mixture was quenched with water and then
extracted with ethyl acetate. The organic layer was washed with 2 mol/L
aqueous sodium bisulfite solution and brine, and then dried over MgSQOs4,
filtered, and evaporated to give 82 (6.00 g, 91%) as a yellow oil. 'TH NMR (400
MHz, CDCls) §: 5.91 (2H, s), 5.86-5.76 (1H, m), 5.11-5.02 (2H, m), 2.50-2.36
(4H, m).

Compound 81

To a solution of 69 (2.50 g, 3.53 mmol) in N, N-dimethylformamide (25.0
mL) were added compound 82 (0.915 g, 3.53 mmol) and potassium carbonate
(0.292 g, 2.12 mmol) at -40 °C, and the mixture was stirred below -30 °C for

20 min. To this resulting mixture was added potassium carbonate (0.195 g,
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1.41 mmol) at -30 °C, and the mixture was stirred below -30 °C for 50 min. To
this resulting mixture were added ethyl acetate, water and 2 mol/L. aqueous
hydrochloric acid to adjust the pH around 5.0, followed by extraction with
ethyl acetate. The organic layer was washed with water and brine, and then
dried over MgSOs, filtered and evaporated under reduced pressure. This
resulting residue was subjected to silica gel column chromatography, and
eluted with hexane/ethyl acetate. The fractions containing the desired
compound were concentrated under reduced pressure to obtain 81 (1.11 g,
38%) as a yellow foam. '1H NMR (400 MHz, CDCls) §: 8.18 (1H, br s), 7.31 (1H,
s),6.99 (1H, d, /=8.8 Hz), 6.02-5.98 (2H, m), 5.93-5.77 (3H, m), 5.19-4.99 (5H,
m), 4.66 (1H, d, J=13.6 Hz), 4.24 (2H, t, J=7.1 Hz), 4.13 (1H, d, J= 13.9 H2),
4.07 (8H, s), 3.77-3.65 (5H, m), 2.59 (2H, dt, J = 6.6, 7.3 Hz), 2.54-2.50 (2H,
m), 2.41 (2H, dt, /= 6.3, 7.1 Hz), 1.54 (9H, s). 13C{tH} NMR (100 MHz, CDCl5)
6: 171.7, 168.3, 164.9, 162.7, 161.8, 160.5, 160.5, 155.8, 153.0, 147.2, 142.4,
136.4, 133.5, 131.1, 124.6, 117.8, 115.9, 112.0, 79.8, 67.5, 67.2, 63.4, 58.9, 57.6,
42.7, 33.2, 32.9, 32.7, 28.5, 28.4, 28.4. MS (ESD) m/z 821 [M+H]*.

Compound 85

To a solution of 81 (1.00 g, 1.22 mmol) in dichloromethane (1000 mL) were
added a Grubbs second-generation catalyst (0.207 g, 0.244 mmol) and
tetraisopropyl titanate (0.714 ml, 2.44 mmol) at room temperature, and the
mixture was stirred at 35 °C for 2 h. To this resulting mixture were added a
Grubbs second-generation catalyst (0.207 g, 0.244 mmol) and tetraisopropyl
titanate (0.714 ml, 2.44 mmol) at room temperature, and the mixture was
stirred at 35 °C for 2 h and evaporated under reduced pressure. This resulting
residue was subjected to silica gel column chromatography, and eluted with
hexane/ethyl acetate. The fractions containing the desired compound were
concentrated under reduced pressure to obtain 85 (0.240 g, 25%) as a brown
solid. TH NMR (400 MHz, CDCls) 6: 8.16 (1H, br s), 7.33 (1H, s), 7.07-7.04 (1H,
m), 6.01-3.35 (19H, m), 2.62-1.95 (6H, m), 1.54 (9H, s). MS (ESD) m/z 793
[M+H]+.

Compound 77
To a solution of 85 (0.120 g, 0.151 mmol) in dichloromethane (1.20 mL)
were added anisole (0.116 ml, 1.06 mmol) and 2 mol/L aluminium chloride

solution in nitromethane (0.530 ml, 1.06 mmol) at -40 °C, and the mixture
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was stirred at -40 °C for 30 min. To this resulting mixture were added
diisopropylether and water followed by filtration. This resulting residue was
dissolved using water, acetonitrile and tetrahydrofuran, and to the aqueous
crude solution was added HP20SS. The mixture was concentrated, charged
onto an HP20SS column, and reverse phase column chromatography was
performed with aqueous acetonitrile. The fractions containing the desired
product were collected, concentrated and lyophilized to give 77 (56.0 mg, 46%)
as a white powder after lyophilization using dioxane. 'H NMR (400 MHz,
DMSO-ds) §: 9.66-9.60 (1H, m), 7.27 (2H, br s), 6.75 (1H, s), 5.90-5.57 (3H, m),
5.44-5.14 (3H, m), 4.61-3.49 (12H, m), 2.56-1.91 (6H, m). HRMS (ESD m/z
[M+H]* caled for C26H29NgOoSs 693.1214; found 693.1223. Anal. Calcd for
C26H2sNs09S3(H20)3.3(C4HsO02)0.5: C, 42.33; H, 4.87; N, 14.11; S, 12.11. Found:
C, 42.40; H, 4.58; N, 14.08; S, 11.33. HPLC: 96.46pa%

HPLC data of Compound 77
mAU
2000 I PDA Multi 1
1 P
1500
10004 ‘
500 ’
- oo~ ™ ~co~ - w
] g 5% = % HEERS B @
o~ s I | L1 @ooos © ~ e
0_
o r v % r T v e & v gt v W g & W
0.0 25 5.0 75 10.0 125
min
1 PDA Multi 1 / 254nm 4nm
E-97-7'0
PDA Ch1 254nm 4nm
E—0#] RiFEE Eia we [Eikieny foR)
1 2.501 4117 834 0.048 0.042
2 3.379 6895 1878 0.080 0.094
3 3580 3316 806 0.039 0.040
4 3782 2810 453 0.033 0.023
5 3917 2812 387 0.033 0.019
6 4411 115349 13635 1.342 0.680
7 4.805 35839 5347 0.417 0.267
8 5.003 12811 1923 0.149 0.096
9 5225 8293146 1955346 96.464 97.556
10 5.507 11578 3290 0.135 0.164
1 5.689 2190 622 0.025 0.031
2 5797 4885 1136 0.057 0.057
3 6.051 7383 1406 0.086 0.070
4 6.193 8963 1529 0.104 0.076
5 6.339 15341 1919 0.178 0.096
6 6.486 6239 1088 0.073 0.054
7 6.643 8593 904 0.100 0.045
8 6.924 22889 4449 0.266 0.222
9 7.555 1642 251 0.019 0.013
20 7.996 21543 5218 0.251 0.260
21 8.110 4726 1102 0.055 0.055
22 8.197 4048 807 0.047 0.040
Foxall 8597115 2004330 100.000 100.000
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Compound 87

To a solution of ethane-1,2-diol (86) (1.08 ml, 19.4 mmol) in
dichloromethane (50.0 mL) were added chloromethyl carbonochloridate (3.45
ml, 38.8 mmol) and pyridine (3.14 ml, 38.8 mmol) at 0 °C and the mixture was
stirred at 0 °C for 30 min and then stirred at room temperature overnight. To
this resulting mixture was added water followed by extraction with
dichloromethane. The organic layer was washed with water and brine, and
then dried over MgSQy, filtered and evaporated under reduced pressure. This
resulting residue was subjected to silica gel column chromatography, and
eluted with hexane/ethyl acetate. The fractions containing the desired
compound were concentrated under reduced pressure to obtain 87 (3.84 g,
80%) as a colorless liquid. 'H NMR (400 MHz, CDCls) &: 5.74 (4H, s), 4.48 (4H,
s). BC{1H} NMR (100 MHz, CDCls) §: 153.3, 72.5, 66.0. MS (ESD) m/z 247
[M+H]+.

Compound 88

To a solution of 87 (3.84 g, 15.6 mmol) in acetone (11.5 mL) was added
sodium iodide (4.66 g, 31.1 mmol), and the mixture was stirred at room
temperature for 5 h. To this resulting mixture was added 2 mol/LL aqueous
sodium bisulfite solution followed by extraction with ethyl acetate. The
organic layer was washed with water and brine, and then dried over MgSQOy,
filtered, evaporated under reduced pressure and concentrated in vacuo. to
give 88 (6.10 g, 91%) as a yellow liquid. 'H NMR (400 MHz, CDCls) §: 5.96
(4H, s), 4.46 (4H, s). 13C{1H} NMR (100 MHz, CDCls) &: 153.1, 66.0, 33.8. MS
(ESD m/z 431 [M+H]-*.

Compound 89

To a solution of 67 (8.40 g, 15.8 mmol) in acetonitrile (67.2 mL) was added
N, Obis(trimethylsilylacetamide (5.15 ml, 15.8 mmol) at 0 °C, and the
mixture was stirred at 0 °C for 5 min. To this resulting mixture were added
6-hydroxy-2-methyl-3-thioxo-3,4-dihydro-1,2,4-triazin-5(2 H)-one (1.54 g, 9.47
mmol) and sodium carbonate (1.00 g, 9.47 mmol) at 0 °C, and the mixture was
stirred at O °C for 4 h and then evaporated under reduced pressure. To this
resulting mixture were added diisopropylether (50.0 mL) and 10% aqueous

sodium chloride solution (40.0 mlL) followed by filtration. The resulting
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residue was washed with diisopropylether and 10% aqueous sodium chloride
solution and then concentrated in vacuo. This crude product was dissolved
using water and acetonitrile and then pH of the solution was adjusted around
7.0 by 2 mol/Li aqueous sodium hydroxide solution and lyophilized to give 89
(6.73 g, 61%) as a white powder. 1H NMR (400 MHz, DMSO-dp &: 11.76 (1H,
brs), 9.57 (1H, d, J= 8.3 Hz), 7.26 (1H, s), 5.57 (1H, dd, /= 8.1, 4.8 Hz), 5.00
(1H, d, J= 4.5 Hz), 4.37 (1H, d, J= 12.6 Hz), 4.14 (1H, d, /= 12.6 Hz), 3.86
(3H, s), 3.56-3.47 (5H, m), 1.47 (9H, s). 13C{1H} NMR (100 MHz, DMSO-dj) §:
171.5,164.7,164.3,162.7,162.1, 161.1, 156.5, 153.2, 148.7, 141.8, 133.3, 115.8,
114.5, 81.4, 62.0, 58.0, 57.5, 44.4, 42.2, 27.8, 26.4. MS (ESD) m/z 655 [M-
2Na+3H]*.

Compound 90

To a solution of 89 (400 mg, 0.611 mmol) in N, N-dimethylformamide (40.0
mL) was added 88 (263 mg, 0.611 mmol) at -40 °C, and the mixture was stirred
at -40 °C for 2 h and then stirred at 0 °C for 2 h. To this resulting mixture was
added water and extracted with ethyl acetate. The organic layer was washed
with water and brine, and then dried over MgSQOy, filtered and evaporated
under reduced pressure. This resulting residue was subjected to silica gel
column chromatography, and eluted with hexane/ethyl acetate. The fractions
containing the desired compound were concentrated under reduced pressure
to obtain 90 (90.0 mg, 18%) as a yellow foam. 'H-NMR (400 MHz, CDCls) &:
7.58 (1H, d, J=8.8 Hz), 7.18 (1H, s), 6.34 (1H, d, J= 5.8 Hz), 6.15 (1H, d, J/=
5.8 Hz), 6.05 (1H, dd, J= 8.9, 4.9 Hz), 5.71 (1H, d, /= 5.8 Hz), 5.67 (1H, d, J
=5.8 Hz), 5.13 (1H, d, /= 4.8 Hz), 4.61-4.57 (1H, m), 4.44-4.40 (3H, m), 4.31-
4.26 (1H, m), 4.07-4.01 (5H, m), 3.68 (3H, s), 3.35 (1H, d, /= 18.6 Hz), 1.54
(9H, s). 13C{1H} NMR (100 MHz, CDCls) &: 164.6, 162.3, 162.2, 160.7, 160.2,
155.4, 154.3, 153.4, 152.3, 150.2, 147.0, 141.2, 128.2, 125.0, 85.8, 83.2, 82.6,
65.9, 65.8, 63.5, 59.1, 57.6, 42.8, 33.9, 30.6, 29.8, 28.2. HRMS (ESI) m/z
[M+H]* caled for C2oHs2NsO15S3 829.1222; found 829.1221.

Compound 78

To a solution of 90 (110 mg, 0.133 mmol) in dichloromethane (1.10 mL)
were added anisole (0.250 ml, 2.29 mmol) and 2 mol/L aluminium chloride
solution in nitromethane (1.15 ml, 2.29 mmol) at -40 °C, and the mixture was

stirred at -40 °C for 1 h. To this resulting mixture were added diisopropylether
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and 2% aqueous sodium chloride solution followed by filtration. This resulting
residue was dissolved using water and acetonitrile and to the aqueous crude
solution was added HP20SS. Next, the mixture was evaporated under
reduced pressure, charged onto an HP20SS and chromatographed using
reverse phase column chromatography with aqueous acetonitrile. The
fractions containing the desired product were collected, concentrated and
lyophilized to give 78 (84.0 mg, 75%) as a white powder after lyophilization
using dioxane. 1H NMR (400 MHz, DMSO-de) §: 9.58 (1H, d, /= 8.1 Hz), 7.22
(2H, br s), 6.74 (1H, s), 5.94-5.92 (2H, m), 5.88 (1H, d, J= 6.3 Hz), 5.81 (1H,
dd, J=8.0, 4.7 Hz), 5.60 (1H, d, /= 5.8 Hz), 5.14 (1H, d, J= 4.8 Hz), 4.62 (1H,
d, J=13.9 Hz), 4.44-4.32 (4H, m), 4.02 (1H, d, J=14.1 Hz), 3.90 (1H, d, /=
18.4 Hz), 3.84 (3H, s), 3.64-3.60 (4H, m). MS (ESI) m/z 729 [M+H]*. Anal.
Caled for C24H24Ng01383(H20)1.5(C4Hs02)1.0: C, 39.84; H, 4.18; N, 13.34; S,
11.36. Found: C, 39.86; H, 4.18; N, 13.28; S, 11.40.

Compound 93

To a solution of 92 (25.0 g, 138 mmol) in dichloromethane (150 mL) were
added oxalyl chloride (12.7 ml, 145 mmol) and N, N-dimethylformamide at
0 °C, and the mixture was stirred at 0 °C to room temperature for 2 h. To this
resulting mixture was added allyl alcohol (10.3 ml, 152 mmol), and the
mixture was stirred at room temperature for 2 h. The resulting mixture was
added water and extracted with dichloromethane. The organic layer was
washed with 2 mol/L aqueous hydrochloric acid solution, water and brine, and
then dried over MgSOy, filtered, and then evaporated under reduced pressure.
The crude product was purified by flash column chromatography (ethyl
acetate/hexane) to obtain 93 (28.5 g, 87%) as a colorless oil. TH NMR (400
MHz, CDCls) &: 5.92 (1H, ddt, /= 17.2, 10.2, 5.6 Hz), 5.32 (1H, dd, J=17.2,
1.5 Hz), 5.24 (1H, dd, /= 10.2, 1.5 Hz), 4.59 (2H, d, /= 5.6 Hz), 3.42 (2H, t, /
= 6.4 Hz), 2.38 (2H, t, J= 7.2 Hz), 1.95-1.88 (2H, m), 1.84-1.76 (2H, m).

Compound 94

To a solution of 63 (12.0 g, 39.5 mmol) in N, N-dimethylformamide (120
mL) were added 93 (13.1 g, 59.3 mmol), sodium iodide (5.92 g, 39.5 mmol) and
potassium carbonate (6.56 g, 47.4 mmol) and stirred at 65 °C overnight. To
the mixture were added 93 (2.62 g, 11.9 mmol), sodium iodide (1.18 g, 7.90

mmol) and potassium carbonate (1.31 g, 9.48 mmol) and stirred at 65 °C for 8
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h. The solvent was removed under reduced pressure and the resulting
mixture was poured into ethyl acetate and water and the layers were
separated. The aqueous layer was extracted with ethyl acetate and the
combined organic layer was washed with water and brine, and then dried over
MgSQOy,, filtered, and the solvent was removed under reduced pressure. The
resulting white solid was filtered and washed with diisopropyl ether and ethyl
acetate to give 94 (11.5 g, 69%) as a white solid. 'H NMR (400 MHz, CDCls)
§:7.33 (2H, d, J = 8.6 Hz), 6.85 (2H, d, J= 8.6 Hz), 5.92 (1H, ddt, J= 17.2,
10.4, 5.8 Hz), 5.31 (1H, dd, J= 17.2, 1.0 Hz), 5.23 (1H, d, J = 10.4 Hz), 4.58
(2H, d, J=5.8 Hz), 4.46 (2H, s), 4.19 (2H, t, J= 6.3 Hz), 3.79 (3H, s), 3.65 (3H,
s), 2.41 (2H, t, J= 7.2 Hz), 1.92-1.76 (4H, m). 33C{1H} NMR (100 MHz, CDCls)
6:173.0,162.2, 159.4, 156.1, 152.8, 132.3, 130.7, 127.4, 118.4, 114.3, 67.6, 65.2,
55.4, 42.6, 36.0, 33.8, 27.8, 21.5. MS (ESD): m/z 420 [M+H]-.

Compound 91

Compound 91 was prepared by a procedure similar to that used for
compound 94. A white solid, 82%. 'H NMR (400 MHz, CDCls) 6: 9.36 (1H, s),
5.92 (1H, ddt, J=17.2, 10.5, 6.3 Hz), 5.32 (1H, dd, /= 17.2, 1.5 Hz), 5.24 (1H,
dd, J=10.5, 1.5 Hz), 4.58 (2H, dt, J = 6.3, 1.3 Hz), 4.22 (2H, t, J = 6.6 H2),
3.84 (3H, s), 2.42 (2H, t, J = 7.2 Hz), 1.92-1.76 (4H, m). MS (ESD: m/z 300
[M+H]+.

Compound 97

To a solution of chloromethyl carbonochloridate (4.20 ml, 47.3 mmol) in
dichloromethane (50 mL) were added 2-((¢ert-butyldimethylsilyl)oxy)ethanol
(96) (10.0 g, 56.7 mmol) and pyridine (4.20 ml, 52.0 mmol) dropwise over 15
min under -10 °C and the mixture was stirred at -20 °C overnight. To this
resulting mixture were added 0.4 mol/LL aqueous hydrochloric acid solution
and dichloromethane and the organic layer was separated and washed with
water and brine, and then dried over MgSOQy, filtered, and evaporated under
reduced pressure. The crude product was purified by flash column
chromatography (ethyl acetate/hexane) to obtain 97 (14.6 g, quant.) as a
colorless oil. 'TH NMR (400 MHz, CDCly) &: 5.74 (2H, s), 4.29 (2H, t, J= 4.9
Hz), 3.85 (2H, t, J = 4.9 Hz), 0.89 (9H, s), 0.07 (6H, s). MS (ESD): m/z 269
[M+H]+.
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Compound 95

To a solution of 97 (10.0 g, 32.4 mmol) in acetone (30.0 mL) was added
sodium iodide (9.70 g, 64.7 mmol) at room temperature and then stirred at
40 °C for 2 h. The solvent was removed under the reduced pressure and the
resulting mixture was poured into water and ethyl acetate and the organic
layer was separated and washed with 5% aqueous sodium hydrogensulfite
solution, water and brine, and then dried over MgSQO4, filtered, and the
solvent was removed under reduced pressure to obtain 95 (17.5 g, quant.) as
a yellow oil. 'TH NMR (400 MHz, CDCls) &: 5.96 (2H, s), 4.28 (2H, t, J=4.9 Hz),
3.84 (2H, t, J= 4.9 Hz), 0.89 (9H, s), 0.07 (6H, s).

Compound 98

Compound 98 was prepared from 67 and 91 by a procedure similar to that
used for compound 89. An orange foam, 100%. 'H NMR (400 MHz, DMSO-dy)
§:11.78 (1H, brs), 9.66 (1H, d, J=8.1 Hz), 7.26 (1H, s), 5.91 (1H, ddt, J=17.3,
10.6, 5.3 Hz), 5.81 (1H, dd, J= 8.2, 4.7 Hz), 5.29 (1H, dt, J=17.3, 1.6 Hz), 5.21
(1H, dd, J = 10.6, 1.3 Hz), 5.15 (1H, d, J= 4.8 Hz), 4.55 (2H, d, J= 5.3 Hz),
4.38 (1H, d, J=13.4 Hz), 4.13-4.08 (3H, m), 3.87 (3H, s), 3.74-3.55 (5H, m),
2.41 (2H, t, J= 7.3 Hz), 1.78-1.71 (2H, m), 1.69-1.62 (2H, m), 1.47 (9H, s).5:
9.36 (1H, s), 5.92 (1H, ddt, J= 17.2, 10.5, 6.3 Hz), 5.32 (1H, dd, J=17.2, 1.5
Hz), 5.24 (1H, dd, J= 10.5, 1.5 Hz), 4.58 (2H, dt, J= 6.3, 1.3 Hz), 4.22 (2H, t,
J=6.6 Hz), 3.84 (3H, s), 2.42 (2H, t, J= 7.2 Hz), 1.92-1.76 (4H, m). MS (ESI):
m/z 795 [M+H]*.

Compound 99

Compound 99 was prepared from 98 by a procedure similar to that used
for compound 81. A yellow foam, 49%. 'H NMR (400 MHz, CDCls) §: 7.33 (1H,
s), 6.90 (1H, d, J=9.1 Hz), 6.01-5.88 (4H, m), 5.31 (1H, d, J= 16.9 Hz), 5.23
(1H, d, J=10.6 Hz), 5.07 (1H, d, J= 5.1 Hz), 4.66 (1H, d, /= 13.9 Hz), 4.58
(2H, d, J= 5.6 Hz), 4.29-4.25 (2H, m), 4.22-4.08 (7TH, m), 3.85 (2H, t, J= 4.9
Hz), 3.73-3.69 (5H, m), 2.41 (2H, t, J= 7.1 Hz), 1.90-1.78 (4H, m), 1.54 (9H, t,
J=11.4 Hz), 0.88 (9H, s), 0.06 (6H, s).MS (ESI): m/z 514 [M+2H]2+.

Compound 100
To a solution of 99 (300 mg, 0.292 mmol) in tetrahydrofuran (18 mL) and

water (3 mL) was added formic acid (8.99 ml, 235 mmol) and the mixture was
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stirred at room temperature for 90 min. To this resulting mixture was added
tetrakis(triphenylphosphine)palladium (404 mg, 350 mmol) and the mixture
was stirred at room temperature for 40 min. To this resulting mixture were
added water and ethyl acetate and the organic layer was separated. The
organic layer was washed with water and brine, and then dried over MgSQOy,
filtered, and evaporated under reduced pressure. The crude product was
purified by flash column chromatography (ethyl acetate/hexane) to obtain 100
(220 mg, 86%) as an orange oil. MS (ESI): m/z 873 [M+H]*.

Compound 79

To a solution of 100 (800 mg, 0.916 mmol) in dichloromethane (400 mL)
were added benzotriazol-1-yl-oxytripyrrolidinophosphonium
hexafluorophosphate (954 mg, 1.83 mmol) and N, N-dimethylaminopyridine
(560 mg, 4.58 mmol) and the mixture was stirred at room temperature for 2
h. To this resulting mixture was added 0.4 mol/LL aqueous hydrochloric acid
solution and dichloromethane and the organic layer was separated and
washed with water and brine, and then dried over MgSQ,, filtered, and
evaporated under reduced pressure. The crude product was purified by flash
column chromatography (ethyl acetate/hexane) to obtain macrolactone (578
mg, 63%) as a mixture of A2 isomer. MS (ESD): m/z 855 [M+H]*.

A compound 79 was prepared from macrolactone and its A2 isomer
obtained above by oxidation, reduction and Boc removal procedures for 68. A
white solid, 74%. 'H NMR (400 MHz, CDCls) §: 8.23 (1H, d, J= 8.5 Hz), 6.65
(1H, s), 6.14 (1H, d, J= 5.5 Hz), 5.91 (1H, dd, J = 8.5, 4.8 Hz), 5.86 (2H, s),
5.76 (1H, d, J= 5.5 Hz), 4.98-4.92 (2H, m), 4.41-4.29 (4H, m), 4.22-4.11 (2H,
m), 3.97 (3H, s), 3.74-3.68 (4H, m), 3.63 (3H, s), 3.26 (1H, d, J= 18.2 Hz), 2.51-
2.38 (2H, m), 1.76-1.70 (2H, m). BC{1H} NMR (100 MHz, CDCls) &: 173.4,
168.7,164.9, 163.0, 160.9, 160.2, 155.4, 154.0, 152.8, 147.6, 142.4, 128.0, 125.4,
111.7, 83.9, 68.1, 66.9, 63.1, 61.9, 59.0, 57.9, 42.6, 34.6, 33.3, 28.9, 27.0, 22.5.
HRMS (ESD) m/z [M+H]* caled for C27Hs0NsO12Ss 755.1218; found 755.1219.
Anal. Caled for C27H30Ns01283(H20)1.8(C4HsO2)o.4: C, 41.77; H, 4.51; N, 13.62;
S, 11.69. Found: C, 41.81; H, 4.46; N, 13.68; S, 11.47.

Compound 102
Compound 102 was prepared from 101 by a procedure similar to that used
for compound 97 from 96. A colorless oil, 89%. 'H NMR (400 MHz, CDCl3) §:
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7.43-7.41 (6H, m), 7.31-7.20 (9H, m), 5.67 (2H, s), 3.89 (2H, t, J = 6.9 Hz), 2.54 (2H, t,
J=6.9 Hz). 3C{{H} NMR (100 MHz, CDCls) §: 153.0, 144.4, 129.5, 128.0, 126.9,
72.2, 67.1, 67.0, 30.3.

Compound 103

Compound 103 was prepared from 102 by a procedure similar to that used
for compound 95 from 97. A white solid, quant.. 'TH NMR (400 MHz, CDCls) &:
7.42-7.41 (5H, m), 7.31-7.20 (10H, m), 5.90 (2H, s), 3.89 (2H, t, J = 6.9 Hz),
2.53 (2H, t, J= 6.9 Hz).

Compounds 104

Compound 104 was prepared from ceftriaxone by a procedure similar to
that used for compound 90 from 89. A white solid, 61%. 'H NMR (400 MHz,
CDCls) 6: 7.42-7.39 (12H, m), 7.31-7.28 (12H, m), 7.24-7.21 (6H, m), 7.02 (1H,
d, J=9.0 Hz), 6.93 (1H, s), 6.00-5.78 (4H, m), 5.68 (1H, s), 5.14 (2H, br s), 5.04
(1H, d, J= 5.3 Hz), 4.60 (1H, d, /= 6.8 Hz), 4.06 (3H, s), 3.92-3.86 (4H, m),
3.74-3.62 (5H, m), 3.39 (1H, br s), 2.56-2.51 (4H, m). MS (ESD): m/z 1307
[M+H]+.

Compounds 80

To a solution of 104 (390 mg, 0.298 mmol) in tetrahydrofuran (78 mL) and
methanol (390 mL) was added iodine (151 mg, 0.597 mmol) and the mixture
was stirred at room temperature for 1 h. To this resulting mixture were added
12 mM aqueous sodium ascorbate solution and then added 0.5 mol/LL aqueous
hydrochloric acid solution to adjust pH around 5 and the solvent was removed.
The resulting precipitate was added chloroform and the layers were seperated.
The aqueous layer was extracted with chloroform and the combined organic
layer was washed with brine, and then dried over MgSO4, filtered and
evaporated under reduced pressure. The mixture was purified using
preparative HPLC with aqueous acetonitrile added 0.1 % formic acid. The
fractions containing the desired product were collected, concentrated and
lyophilized to give 80 (70.0 mg, 15%) as a white powder after lyophilization.
IH NMR (400 MHz, CDCls) 6: 7.11 (1H, d, /= 9.1 Hz), 6.94 (1H, s), 6.16 (1H,
d, /= 5.3 Hz), 6.02-5.94 (3H, m), 5.82 (1H, d, J= 5.8 Hz), 5.17 (2H, s), 5.10
(1H, d, /= 5.1 Hz), 4.58 (1H, d, J = 14.4 Hz), 4.47-4.30 (4H, m), 4.07 (3H, s),
3.93 (1H, d, /= 13.4 Hz), 3.87 (1H, d, J= 18.9 Hz), 3.71 (8H, s), 3.43 (1H, d, J
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= 18.7 Hz), 3.06-2.94 (4H, m). MS (ESID): m/z 821 [M+H]*. Anal. Calcd for
Ca6H2sNs013S5(H20)2.5: C, 36.07; H, 3.84; N, 12.94; S, 18.51. Found: C, 36.39;
H, 3.54; N, 13.05; S, 17.99.

Compound Evaluation

Pharmacokinetics in Rats after Intravenous Administration of Compounds.
Pharmacokinetics in intravenous administration was investigated in rats
at a dose of 5 mg/kg formulated in distilled water. Blood samples were taken
using a syringe pre-treated by 0.89 M aqueous EDTA 2K solution and 20 %
heparin at 0.033, 0.083, 0.25, 0.5, 1, 2, 4 and 6h after administration. Blood
samples were centrifuged at 3000 rpm for 10 min at 4 °C to obtain plasma
samples. Plasma samples were transferred to cluster tubes and stored at -20

°C prior to analysis.

Pharmacokinetics in Rats after Oral Administration of Compounds.
Pharmacokinetics in oral administration were investigated in rats at
doses of 15, 20 and 30 mg/kg formulated in 0.5 % Methyl cellulose (400 cP).
Blood samples were taken using a syringe pre-treated by 0.89 M aqueous
EDTA 2K solution and 20% heparin at 0.25, 0.5, 1, 2, 4, 6, 8 and 24 h after
administration. Blood samples were centrifuged at 3000 rpm for 10 min at 4
°C. Plasma samples were transferred to cluster tubes and stored at -20 °C

prior to analysis.

LC/MS/MS Determination of Test Compounds.

An aliquot (40 pL) of each sample was transferred to a 96-well plate,
mixed with 500 uL of acetonitrile, and centrifuged at 3000 rpm for 10 min at
4 °C. A portion of supernatant was injected to Shimadzu Nexera HPLC system
interfaced with an API-5000 mass spectrometer (AB Sciex, Framingham, MA).
Plasma concentrations of test compounds were determined by LC/MS/MS
with electrospray ionization in the positive ion mode using an external
standard method.

Pharmacokinetic Analysis.
The area under the concentration-time curve from 0 h to the last time

point (AUCo-uast) was calculated by linear trapezoidal approximation. The oral
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bioavailability was calculated by dividing AUC of ceftriaxone derived from
each test compounds administrated orally / AUC of ceftriaxone administrated

intravenously.

Antibiotic Susceptibility Testing.

The minimum inhibitory concentrations (MICs) were determined using
the broth microdilution method in accordance with Clinical Laboratory
Standards Institute (CLSI) guidelines.! Briefly, two-fold serial dilution of test
compounds were prepared and transferred to a 96 well plate including cation-
adjusted Mueller Hinton broth (CAMHB). Haemophilus Test Medium broth
(HTM broth) and CAMHB containing laked horse blood were used for
Haemophilus influenzae and Streptococcus pneumoniae, respectively. The
bacterial suspension for inoculum was prepared based on optical density of
625 nm to be approximately 5 X 104 CFU/well as final inoculum size. The 96
well plates were incubated at 35°C for 16 to 20 hours. The MIC endpoint was
defined as the lowest concentration of the compound that inhibited bacterial

growth as detected by the unaided eye.

Kinetic Solubility Assay.

Compounds in dimethylsulfoxide (10 mmol/L) were diluted into the
aqueous phosphate buffer solution (pH 6.8) with the final dimethylsulfoxide
concentration being 1%. After 1 h of incubation, precipitates produced was
filtered through a membrane filter and the filtrate was quantified with
LC/MS.

Parallel Artificial Membrane Permeability Assay (PAMPA).

PAMPA was applied to measure compounds for passive diffusion. This
study employed the Gentest Precoated PAMPA Plate System (Corning Life
Sciences). The system is composed of a 96-well plate/insert system. Two
fluidfilled compartments (donor well and receiver well) are separated by a
polyvinylidene fluoride (PVDF) filter plate precoated with a phospholipid-oil-
phospholipid trilayer primarily consisting of dioleoyl phosphatidylcholine
(DOPC) phospholipids. Compounds of interest were dissolved in 2%
dimethylsulfoxide in aqueous phosphate buffer solution (pH 6.8). Solutions
were added to donor wells at a volume of 0.3 mL. The filter plate, containing
acceptor wells filled with 0.2 mL 2% dimethylsulfoxide in PBS solution (pH
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7.4), was placed on top of the donor plate. The entire system was incubated
for 4 h at 25 °C. Following incubation, solution was removed from donor and
acceptor wells. The removed solution was analyzed by ultra performance
liquid chromatography (UPLC), and permeability of compound was calculated.
Using these measured experimental permeability rates, as well as
permeability data from literature, we are able to divide our data into three
groups; high permeability, medium permeability, low permeability. The
boundaries between these regions are defined by using the permeability
coefficient midpoints between different model compounds of known

permeability categories.2 3

Compound permeability coefficlent Permeation category
(107 (-6)*cm/s)
Ketoprofen 2.19 high
Metoprolol tartrate 0.91 high
Atenolol 0.09 medium
Furosemide 0.19 medium
Sulpiride 0.03 low
Lisinopril hydrate 0.00 low
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