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novobiocin I3 & LTS T AGPEE, FHMO FAMEICHE 2 85 U 138 B8 IRERE I SU 2
RTIZD, BRMCHER SN TOAHEMETH %, Z0OLFHE X Hoeksema 55—k, ¥k ¢ Folker
5 —IRIC X » THSIHANTREGEIEDS 72 Xz, £ aglycon Tdh 5 novobiocic acid 13 &% X Fukgi 3
e ahiz,

Fig. 1
QH 0
CHJ 1l -
o0 {0 m’* o mm NH wmcm
SN 0 OH <CH, HOAY N0\0H OH<CH,
(‘) OH CHy H;
H.NCO

novobiocin novobicic acid

L %> novobiocin I HEEMIOH M, %X F novobiocin DOHLEMFEIRDIVERBEEIZ DN TIZIZ E A
E#EBE I TV 72U, novobiocin O IXZ DALLE B 3-acylamino-4-hydroxycoumarin, & #t benzo-
ic acid, X OHED 3FINTAIT 5 T RS, TN 5D 3 K5 & novobiocin DHLENER & D BER
PRAT AL LRI ECHRDDHHLELHTDH S, EFI NS SWONCBIHEL 1cHE%2HT 5 3-ac-
ylamino-4-hydroxycoumarin #%&{%, alkenylhydroxy benzoic acid {4, novobiocin > glucoside
FEEIBR L T L G 2 T 2 G K L, novobiocin DSTEEEY) 2 &9 T, L1 5 DHUHAE % EifE L T nov-
obiocin DREERIFH & HURHE & DEBR 2 EHE L1,

#—2 3-acylamino-4-hydroxycoumarin ZEEAD K E Z OHLEVEM
novobiocin DV FH 2K T 5 3-acylamino-4-hydroxycoumarin FBELILATHE B HHA L, 2
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OH

ORIt EEns —CO— (13 (lZ— FHIMORBEMEHEOE G B A ON S L DT Mk S 5,
FHEIIZD acyl ZEELPAIAAYZERL, FIEME~OEERIRE L1,
3—amin0—4—hy.droxycoumarin BAEBlC e = b e R 2B U TR LTS,  3-amino-4,7-dihydr-

oxycoumarin |3 4.7-dihydroxycoumarin {Z benzene diazoniumchloride % coupling I, 7-hydroxy-2,

3,4-trioxochromane-3-phenylhydrazone k2B, 10%/%3 o 7 &R THEMETL T 3-amino {ktf

Rt 2 IR & <12,

50 3-amino (ROIEEEE % FEIE UT, pyridine fi#gs o) F2/EHw L, 3-acylamino-4-
hydroxycoumarin FHEAZFEAGK LIz, AWZE Y oY K (R-cocl) i3 R=alkyl, alkenyl, aralkyl,
aralkenyl, aryl &fE4|TH Y, 3-acylamino-4-hydroxycoumarin 43f#, 3-acylamino-4,7-dihydroxyco-
umarin 337, 3-acylamino-7-acyloxy-4-hydroxycoumarin 8§ EED{L&¥% SR L 17,

Fig. 2
OH o
m CoHsNa mv« MiCats H Hz NH,HC @f\NHZHm
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Zn-ACOH R-COQL RCOCQ
AC0 'A/ l l P'*’l
OH
COCHZNH2 HAR O\/O\/[NH AC mNH COR @NH'COR
OH 00 -
| ACO | RO

- 0 D
@E%%C o s e mH b
ACO

Novobiociocic acid cyclonovobiocic acid 12 BT HE L& %79 5  3-acylamino-4-hydroxycoum-
arin FE{AR G 5 HEYT 4,7-dihydroxy-8-methylcoumarin 1T F30 & [d]-—D f5 1 % T 3-amino-
4,7-dihydroxy-8-methylcoumarin B8 D 4 AL %2 F70 (Fig.3) T #15 D 3-amino (A Akt (2 3-allyl-4 (or
2)-hydroxy benzoic acid & % FHEE L7z Chromanoic acid, 2-methylcoumaranoic acid #%§, 4-
hydroxy-3-(3-methyl-2-butenyl) benzoic acid & Z i % ¥ L7:2,2-dimethyl-6-chromanoic acid, 2.2
~dimethyl-3-methyl-6-coumaranoic acid ¥z & 2 HES IV,

Fig. 3

H H H
NHCGsHs mw H® O@(ﬁm-coa
0 H H 0
CH3 CH3 CH3 CH3
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NEARAIDIKRD acyl {kix Fig.4 OHFETEB LI,
3-allyl-4 (or2)-hydroxybenzoic acid Dz A F L% acetate &L, Hil/KkF% benzoylperoxide D#
1ET, R&iﬁfﬂ UZsWWTHER U, HifE Y — &4 T LT3 % chromanoic acid, 2-methyl coum-
aranoic acid % &% L1z, —J) chromane % acethylchloride T acety {f, LT 6-acetylchromane & L,
Z 1% sodium hypochloride TE{l L T 6-chromanoic acid 2 &L, HBEICL 23D EFERELTC
N5 DREERITE LT,
Fig.4

CH
RODC—Ez:HS o — Hooc{z:ﬂi;j
/ AC éHz By
ROOC{z:BjAh
o

\ e H-Br
ROOC Ei:ﬂgmcé}“ S HOOC{EZ][I;1CH3

CH,COoQR -
0 0

novobiocin DHAEHTH 5 4-hydroxycoumarin FHE{Aiz 12 % O HEEEM{E 2-hydroxychromone
HEVBEA SN, AN~ OREMHEERT UTHET %53, dioxane FITIZ4 T 4-hydroxycoumarin ##
BOFRMNRILZL Y MV BRT C EDNHBI LD T 4-hydroxycoumarin #xi% HAE LT HEERT 5 C

TrELi,

G LTz 3-acylamino-4-hydroxycoumarin FHEKIITE 4 2 HIEE, BERE, 8% AU CEIOSEHMPUSE
BIZID AV ) —= 7 2 N REBLI,

3-acylamino-4-hydroxycoumarin T/} chlorobenzamido {A##§E%)T Trichophyton 3#kiTst LT
p-chlorobenzamido {425 507/ci LL R TZDEE#2MHIE LIz, % D benzamido {k benzylamino, ace-
toamido, 2-methylcoumaranoylamino {£%45 1007/cc BB DOFEMH 2 /R3ITIEE - 12,

3-acylamino-4,7-dihydroxycoumarin it 3-acylamino-4-hydroxycoumarin T34 < {EHED 2B 5
sk - 12 JEN# D amide, hydroxybenzamido {# allyloxybenzamido {475 & %5 coumarin 4D 7 fiiT
OH BEAINS T Ltk - THIBHBIC A IEMR2R U THRS, [EIfEEO amide 3HTIX Cio~Crse @
Baff® amide MEASLLMAUTERE & 72 2 M2 R LTz, E#: benzamido {ATIX para BE#ALE b IEMHD
BB b3, 3-acylamino-4.7-dihydroxy-8-methylcoumarin & i T 8 fif methyl EDHEIT X
AHEMADHEIRDDLNTNL I TH B, AT novobiocin (D aglycon, novobiocic acid T3T
PLUTHEE T 5 & DICEENTED 517z, L L novobiocic acid B EDHLE ML novobiocin &
HEHE U TR (R UIcHid 2 R 3@ X 720,

#—% alkenylhydroxybenzoic acid FHEMAED AL & 7 DILHIEH
novobiocin (D aglycon Td % novobiocic acid D—E %43 5 4-hydroxy-3-(3-methyl-2-butenyl)
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benzoic acid {3 3-acylamino-4-hydroxycoumarin ERE{k & [L#T 2 72 D IHIETIEERB 21T-12 & C
%, ZOI AT VPHRACERNERE 2R UL, o TTHIGELI UM %259 %  alkenylhydroxyben-
zoic acid FEEAENSZ DOBEEDOHALTDH 5,

p-(oro-)ally oxybenzoic acid @ = A2 F )% % Claisen T & - THEKR LIz 3¥allyl—4( or 2)-hydroxy
benzoic acid D = A2 7 v & H#Ed A 12 HIT  ethyl m-allyloxy benzoate % [Fiic Claisen [FH% 17— 12
LT %, E5h» 5 ethyl 4-allyl-3-hydroxybenzoate, ethyl 2-allyl-3-hydroxybenzoate % Hifi3 5 C &
DRIz,

T b DHEM 2 K U1z & € 5, p-hydroxy B#ALIE & B0 DN, #EK p-hydroxy
beuzoic acid @ = A FVEITHIEMDIR < BHIEAIE LTHIS NV TRED, s EHET % 729 alkyl 4~
hydroxy-3-(3-methyl-2-butenyl) benzoate, alkyl 3-allyl-4-hydroxybenzoate #¥§, 3 X ¢ novobiocin D
HEE S RO BIRO—IE 2 M1 A 79I 21 5 @ amide O A% Fig.5 O K> THK LTz,

Fig.5

CHyy A
oM CH3>C—CHCH2Br OH

Na
J e
COOR chor b
<OjHZCH=CH2 éCHZCH%HZ fH

coce COOR COOR

R nPry (40P MBu, i40Bu, nAm, ta0Am, a2

HN(R

() \NO RM
168 Tk —= = ke

R = H, CH3
R, R'=H, CH;, GHs or

amino yfwu,D:~ND, ~N__0,~NHNH;

NS D AT VIHIIKICHENTH 51080, T o DKIEH 2% L1 hydroxyethyl or (2.3~
dihydroxypropyl) 3-allyl-4-hydroxybenzoate D& k% 4 17 120

VLRSS N AC G TIE FTRERER 2 i U1 #5 R 2 O amide Ficid 4 iEHASHED & M isdp - 72
%%, 4-hydroxy-3-(3-methyl-2-butenyl)benzoic acid, 3-allyl-4-hydroxybenzoic acid = = 7 L ¥HH4H
MITTRNTUBEYERE 2R U, 25 L5 D 5 5 Bacillus subtilis, Staphylococcus aureus {23 U T,
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& UIBHE ) n-Butyl p-hydroxybenzoate MD10~20f5DHE %R L, T CNBDZZAF LD S 5
n-butyl, allyl ester OFREABEICITE n-Butyl p-hydroxybenzoate D 2 ~ 4 fZa ) 12/ Bl %
AU CNBD T AT NVEIR~ T A% AN T-EMEBRORESE LDs>1.000mg/kg BERT L, B
BT AREEG s CERCi LB 2 i D EEbis, RN s DKEZHWH Lz 3-allyl 4-hyd-
roxybenzoic acid 0> hydroxy ethyl, o-glyceryl ester 13ZANT § Z DA IR T 2 EEE 2R L1,
=% glucoside B[ AYID Gk E Z DHLEHIEH]
. 3-acylamino-4-hydroxycoumarin & {4 T novobiocin ¢ aglycon, novobiocic acid DFEEITITLL
Utz b D2 OFEEIEH T 2T RS2 51123, novobiocic acid H & D HiE ¥t novobiocin & [l
UTHMET U E%RT & C 555, novobiocin @ glucoside $5&035% OPEMICH L TEELER
T 5 REHE 5 417, novobiocin 127 DETH % novobiose D 3 [T 0 —carbamoyl FH&%2HT 5
g7 glucoside Tdh - T, # O carbamoyl H:ihs 2 MITH#EE L72 isonovobiocin TidHiEEM:H 4 L 5
b s L EWHESNTNS, - TID carbamoyl (AasHiEit: & & OREZBIRZE T 502 RE L,
%)’ 3-acylamino-4-hydroxycoumarin FHEf{k% M 5 HHYTZD carbamoyl glycolide # kv
carbamoyl glyceride D& %2 AT,
3-acetoamido-4, 7-dihydroxycoumarin (Zdimethylformamide ' sodium methylateD7EZET ethy—

lenechlorhydrin % {EH® U T ¢ Bkl % alil U123, 7T-acetoxy-2-methyl-4H-{1) benzopyrano (3.4~
d)-4-one’ i acetyl {t L7z 7-hydroxy {k%[FiCSUGE LY % &, ZD glycolide 7b>{%67m‘.o

(Fig 6]
0 —C-CHy 0- Q’,— CHy  QCH,CH,0H 0-— g— CH;,
Q[:Q NaOH Q/Q\A(ON NaOCH; m N
ACO HOS CH 0

CHOH

$t > T 7-hydroxy-4-imino-2-oxobenzopyrane % Jg¥l& LT KO HIC - T 3-acetoamido-4, 7—
dihydroxycoumarin (O 7-hydroxy ethoxyfk, 715 (¥l 7-(2.3-dihydroxypropoxy) (4% &A% L7z,

[Fig 7
i NH OH
m NaOCH, 50% Ha504 m CosNol ﬂ%“‘“*‘ws
0-0 R 040 RONAN0AD

HzHCQ A(.,ZO NH AC ACzO G@%VHAC AC0 O—EI‘CHJ
0 = R 0 R’OQ[hO

R-: *‘CHz'CHzOH, “C.HzCH“%HZ
OH OH

R': —CH;CHOAC, —(CH,-CH-CH,
AC OAC
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Z DOk 3-amino {KOIEEEIEIZ pyridine 1% mol @D 4-acetoxy-3-(3-methyl-2-butenyl) benz
oylchloride, 2, 2-dimethyl-6-chromanoylchloride % &4 L % T demethylmonoacetyl novobiocic acid,
demethylcyclonovobiocic acid @ ethylenglycolide, 3 X ¢ glyceride % &85 U172,

demethylcyclonovobiocic acid @ ethyleneglycolide {Z pyridine H1 diethylcarbamoylchloride & Jijig
U T diethylcarbamoyloxyethoxy {A»5#8 5 3172,

demethylmonoacetylnovobiocic acid, demethycyclonovobiocic acid @ glyceride i1z pyridine 1 die-
thylcarbamoyl chloride, ethylchloroformate D% & i LT mono EH#a{ATH % 3-diethylcarbamo-
yloxy-2-hydroxypropoxy {4, 3-ethoxycarbonyloxy-2-hydroxypropoxy {43 85 #1172, [k carbam-
oylchloride Z{Efw LTz BI¥YTdh % carbamoylglyceride D &AL L1zDT, 3-ethoxycarbo-
nyloxy-2-hydroxypropoxy {4£% 7 . & = 7 ¥l methanol AT RIZHE LT demethylmonoacetyl nov-
obiocic acid @ carbamoylglyceride® & 0T AL LTz,

(Fig.8]
Q@ CH
oH CHj <csz
CH, ~0 CH C CH3
CHOH CHOH CH OCON( Hs
GHs
CiHs
T 00 0
o . 0 00 C
CH-OH H-0H H o
CHe-0H CHo0H CHeDCONC 2 C’HS

OOk, 00
H:0 0AC CH3 CHzO 0AC \CH3

H-0H H -OH N/Csz

CHa0H CH,0C0
0-C00C My NG

Pg/z.

CHaOH‘NH3 OH

NHCO NH-C0 4
Q00— O 3
(H.0 CHONN0A0 0 CH;

CH-0H CH-0H
CH0C00C,Hs CHy0CONH,

L EGRR UGB O BB R ZR S § 2 EEVRY 5 sk - 12,
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demethylmonoacetylnovobiocic acid @ carbamoylglyceride 75 & OHFEABDOFERIZ L BT D
5N 1D THRIIC glucoside DEMBPMAERK LIz, HOBEE UTIiH L —MH7s D-glucoside
DERERAI,

43" 3~acetoamido-4, 7-dihydroxycoumarin %5kl & U T&7K acetone M1 FHEHM: Y —4& % i~
T pH % 98Iz HIE L2 tetra-O-acetyl-a-D-glucopyranosylbromide % {Ef+® LT tetra-O—
acetyl-D-glucopyranoside #3585 #1172, B 5172 glucoside #5&HS coumarin BRD 7T HAZ E1iT
TN % MK BEER AT nEh U 72 sk A »S 7T-tetra-O-acetyl-D-glucopyranosyloxy-2-methyl-4H-{1) benzo—
pyrano (3,4-d} oxazol-4-one Tdh % C & % Z DERMNFWIN AT bovd 5 BHNC UTAEH L1z, 3-ace—
toamido-7-tetra—O-acetyl-D-glucopyranosyloxy—4-hydroxycoumarin 130.155 sodium methylate & 5%
T 4 FERHE U, B acetyl [ LT, 3-acetoamido-7-D-glucopyranosyloxy-4-hydroxycoumarin 338
X 4 fa

L DfiE:% cyclonovobiocic acid (TG LT, Z DD-glucopyranoside % & L1712,

Fig.9
CH,0Ac

(ROBr OH OH

§ NH-AC AC "OAc CH;OAC NHAC NoOMe  CH,OH HAC
—NaOH. Gl o - Sﬁ}o
0<OA‘V H0<w——0H |

0—C~-CH;

CHQA N
é/Acd;Om

/@pt\c
g\g%?wr
NH Na.OH CH 0AC HC C
m@% 00
CH;
OAc H
l NaOMe
OH
H(Koﬂ Fe
OH
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L UTHRL UT: cyclonovobiocic acid ¢ D-glucopyranoside T § 4 { FAEHIIED Nz h - 12,
ZEPUE  novobiocin BHELEWIDHLEVE A

novopiocic acid D% 44 4-hydroxy-3-(3-methyl-2-butenylbenzoic acid & & VTR U T-kEG: 2
B9 % 3-allgl-4-hydroxybenzoic acid % acyl f&& L7z 3-acylamino-4-hydroxycoumarin #H3& (AT
100~2007/cc BREDMENE:2RT DD Y, LMMNT novobiocic acid (T 2 G2 HT 5

L ODHERIIZTIODIN L 5 ENDEEY 5415, L L 3-acylamino-4-hydroxycoumarin ZEEALIAD
amide JiZ i34 {IEMEDSEED 5 780,

AR LTINS DD = 27 v BT O ESE%2 R LU, BiE#Hl n-Butyl p-hydroxybenzoate
R BT AV 2R U,

% 72 ethyl 4-hydroxy-3-(3-methyl-2-buteny)benzoate % /K ZE RN L7z ethyl 4-hydroxy-3-isopentyl-
benzoate (ZENSIME T L2 %27R L, novobiocin % 7K#E¥FSHH L 72 dihydronovobiocin %3 novobio-
cin LB UTZ O NMET LS & & B AP RREEN,

novobiocin (D4FRFEY) T & Anovobiocic acid, methyl 3-O-carbamoylnovobioside Ti3 % DiEM:HIE:
12U F9 % & 2555 novobiocin MAFFHD glncoside #&dEHFETHD 12D ORUIRIZKFTH
3 ELFIHETH 5, X—7 & D-glucopyranoside Hs$igitt: % /R X 9%, carbamoylglyceride % iEi:ids
Y 5172 DT novobiocin® 3-O-carbamoylnovobiosibe 2B/ FH| 2T LD EBRIN B,

Hoeksema & i novobiose M@ 3- fLIzfH & L1z carbamoyl 1t 32 f7ic#izkE L1z novobiocin @ iso-
mer Tad 5 isonovobiocin TIZFLEMENRZ KOS T & 2iHT/E Y, novobiocin DIFEWFEILL no-
vobiocic acid 12 novobioside DFESE, LN carbamoyl LD EFEGAE DS UToiEEERITR
STWa DEHDNS,

#&i & LT novobiocin DL & L ) O BILR % i8R MET L T 3-(3-alkenyl-4hydroxybenzamido)-
4-hydroxycoumarin F#®D 7 fLic 3-O-carbamoylnovobioside #5450 NE %R L, %72, novobio-
cin %2f5%9 % 3-alkenyl-4-hydroxybenzoic acid @ = % 7 VENCHERINCHIEIEIER DO H 3 T & 2 FH

UTZo

mAXDBEBRDODEE

B

KEHAIIERL 2 R4 A 2 L DLFMEE E 2 OTEEH & OBIRICBIT AWIZETH 5, BIL 2 KT
1 F 2 R BT A4 F L REBRFLEE, 7<) CHEEER, HEBIOLZ0RMEZOHFERES
BEK L DOWTHEZIERGES ¥ TEEIICIE, RT 4 F 2 TiE EAERMEEY 2 KL, &iEE
RICOWTHEVER, s AERZHRE UIZ, ZORMELERIED 2 K04 4 v AT T B 20 i
VERIDHEART 5 C & 2812, COMBRICENTERLIZNST F F v — X2 7 V) VERER n- 7 F
T AF VDR = SF B, T R o BRI TEEOIUE, FU34 MERD d h BodEkps IRy
VOTESELY, ATOMA1HIE UTERMESD 2 L 2RRA LI, X, 7<) ey e ED(LE
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72,
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