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Kinamycin antibiotics, strongly active against gram-positive bacteria, were isolated from the culture broth of Strep-
tomyces murayamaensis. The structures of kinamycins and prekinamycin, isolated from the same bacteria, were at first
determined to be benzo[b Jcarbazole with cyanamide [N-C=N]. Later re-examination of spectroscopic analysis con-
cluded that those compounds should be benzo[blfluorene with diazoalkane [C~—N+=N]. However, the structure of the
latter was re-revised to benzola Jfluorene and renamed as isoprekinamycin. We have continued our effort for the synthe-
sis of kinamycin antibiotics from the point of view of total synthesis and structural determination. In this review, our ap-

proach toward total synthesis of kinamycins was described.
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1. Fx SIZEKDEREINE2FIRAMET K LN

Kinamycin $813 1970 £ 12 KK 512 & D Strep-
tomyces murayamaensis DMEHT DHEME &L T
HEtxn, 77 ABEEICS U TOPEEME, £z
kinamycin C (KC) DWW TWRHEEEEE2AT
5.0 513 0/EICONT, ABBRICHYT S
naphthoquinone & D BRIZHHYS T % & B ICEE FEE AE
HAk T N7z cyclohexene 2 & MERRIK 4 BN 6-6-5-
6 BRI AT L ELEZET, ZORMENAXRY K
)V (2150 em ™) L RERRN S C B EEHRAEIT
cyanamide (N-C=N) 7% #D benzo[b]carbazole 1
IR LU 3 LML S, cyanamide #Ei&E 0 5
FAE 4% BC-NMR ® 7 F )L (107-109 ppm)
BEEIS NN o=, DBIZ Gould 5391%, [HU
EOFEHY & LT prekinamycin Z HEEL, AXRZ
FVOFERIEN S, ZOMiE & LU T kinamycin $8
O DENAENLLRZ2 ZEH LAY, Echavarren

FRERZRFRILEATEE (T263-8522 FEMNHEKX
YRAERT 1-33)

BiFTE © BUREr KZF3 A (7202-8585 B HUARFE B
i 1-1-20)
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ARRFNE, SRR 21 4FHE H AR E 2B SR E
LAl TRRLAEBDTH 5.

P

2.0 £/, ZO#EET Gould 513, N THEGX
7= kinamycin D @ cyanamide fH3£ @D 3C-NMR D
ST FIV 185 ppm IZEHIE NS T E RS MNIC
L72.® 2O 7 F)VE 4R F KR THD CDCL
HRD 7 FIVITEL, BHINKRETH>7/=Z &N
THEINS., ZOXDBREEEZEEA, Gould 5 K&
O) Dmitrienko 5132 Z VM H 1T X KRS i i 1 g
MR EBEARDO KXY MV OFEBREZTW,
kinamycin %8 & prekinamycin O #3&E % C B2 & #:
H 1z diazoalkane (C~-N*=N) % D benzo[b]-
fluorene 3 KU 4 IZFENFNFTIEL .20 Ll
/N5, prekinamycin & U CTHBK I N7z 4 1F5081C
Gould & pS BB U /= prekinamycin & 13— &9
(FMUCEMEHT 2R OEaEmE L), W12 %
DREEM 6-5-6-6 BB X5 L & 725 benzola]
fluorene 5 (isoprekinamycin &@y4) ICHETIE S 1
. HBIETIES 4, KOS500WTNobaymos
BRAGER S 3 (3,14710 41110 518) - Z X7 h)Lp
50OH5T, HkfmEDERICED, ZOMEN
N 5Nz (Fig. 1).

LDoONF, 3L 40T EMENHEINLERD
1996 £ 5, KAMEROEY &L TEMR di-



1536

Vol. 130 (2010)

R' R R® R*
H Ac Ac Ac
H Ac H H

Ac H Ac Ac
Ac H Ac H

(kinamycins)

HO
o]
o
4@s
OH O Y,
N

2:X=N,Y=C
4:X=C,Y = N*(prekinamycin)

9 Ho
CHs
OH
(6}

<
N+
N\
N
5 (isoprekinamycin)

Fig. 1. Structures of Kinamycins and Related Compounds
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Scheme 1. Retrosynthesis of Kinamycins (3)

azoalkane BUL S D & BRTE, KM AXRYT MV
KORESINZ 3 DLEMRICKSHEEREZEHI &
L CHFZE &2 1T> CT&/=. Kinamycin JH0 B, i
RIE DR, ORISR, KROZEDAEGROFEMIZD
WT, BEIZEHEDBDZEZTDOWN DNDRFHIIC
FLEHOHENTNDN, AFETIE, EHESNINET
12172 TEZBRRMIE DRI DONWTHENT 5.

2. ARETH

% ¥ 513 kinamycin 3 (3) O&FlRZ HIEL
benzo[b fluorene ‘HH# DL, KU HEFET S 4 DD
AHFRFZZEAET HEECREFEEELLEIN/ZDR
DVAR BRI FES & AN &3 5 G ka2 3T
2. 9T72bB, ABC BRIZH YT % benz[ f linde-
none 8§ D&k, Z# & Danishefsky &l 2 T > 922
& @ Diels-Alder (DA) K12 K % benzo[b ]fluo-
rene G EFFD T NDEH, KT enone 6 D D B
NONMKBERNBRFZERELEDBEAZITODDTH S
(Scheme 1).

3. SRR

3-1. ETIELEYE RO EERY D R
£23,24) Benz[ fJindenone 8 D EF )b &M E L
T ABAZE 7~/ indenone 10 Z AWy, D BOIT
RIEIRHESE 2 3 A /=, Indanone 11 @ silyl enol
ether # = k£ T L THZ 102DV T,
diene 9 & @ DA I iZ &L D fluorene 12 & L7z, Z
@ 12 @ m-chloroperoxybenzoic acid (m-CPBA)
213 convex Ml THEFT L, 1,2 £i720 @ AH X Bl & 73
e & 3 @ trans Bl & @ alcohol 13 23 Hi — 0 di-

asteromer & L CIH5N/=. —F, 12 ZhK5fEL
TS5 enone 14 ZZEZHITRE L&A,

Qa MBS ICHmALINL., TITHHERELLT
KF z# W= FF KT TOMMI R EIT X
v, yp-hydroxyenone 15 N&EZLML 7=, ZDOHDOD
silyl enol ether ® OsO, F&{t & #¢ < DIBAL-H =7t
2& D, 34MICHTEDN AR ZEFD trans-diol 17 %
Frz. ZTOHDODOMMBLEITIIIET % ketal 18 D
TH-NMR O#5 & &8 (J; 4=8.3 Hz, J; ;,=11.6 Hz)
ENOE EEICKXDIRELZ., T5LTHENL
ketal 18 O dihydroxyl {ki%, 12 @ m-CPBA &k ®
FERD S convex HITHEITT 5 LHIRFS NN, 15
5372 1913 F 412 U concave il & U [ 23 i 7
LD THore., ZTOBIRMIL, 18 N EL#ERHFE
M HEE LD &, MU 9alffOBEFEERRELD
NAARRTISE B DT EEL TWS [Fig. 2(a)].

ZZ T, 170 2 hydroxyl &% TBS L THEL T
20 I2E W=, ZDH DD H-NMR O & E
(J5.0=0Hz, J; u=3.7THz) /5, 20 ® 3,4 i TBSO
FHIZTEWDONAKRKFIZ L D ENEN axial 12 &0,

EUREP RE MBI, SR KPS
e, HERERZEGEERUFE
MREE T, Bl GE%) IE, H
AEMRE SRR E (BB KF
HEED), FTERERZLE, V—T
7MYy RFEE LIRS, TE
KRFREGE LV TR, A2 %
BT, 2010E 4 AL OB =M F
BE ALY, ARG



No. 11

1537

D BRO &M flip U TR AREEZ IS #E R, 3
fif TBSO #:1ZD W T 20 D concave [ % Eh R M1

ik 2 Z ENiFFans [Fig. 2(b)].

@ dihydroxyl {LIC L DE 5N 2113, FD X ffE

ERAEATIC E D EO M E Z D
> 7= (Scheme 2).

EMH SN ETS

21 D 1,2 i ND L EEIRAY ketal 1k & 9 if TBS

DFERPIREITLD 221T
%mmmiﬁﬂtbt%,
Chugaev iy

LAY/

(a)on18
0s04

&i@
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Fig. 2.
and 20 (b)

1) TMSCI
_ ELNDMF
T 2)PdOAS),
p-BQ/ CH4CN
64%
1) TMSOTf
EtsN, CH,Cl,
Hs 87%
R
2) 0sO,, NMO

THF-H,0 64%

5
xanthate Z #2 H L 7=
12X U fluorenone 23 & L 7=,
hydrazone [T & #: L 7= % Ag,O TH1L L,

OCH3

EEE, 20
12 9 fif

nz

T D

Proposed Mechanisms for Dihydroxylation of 18 (a)

BnO H

diazofluorene 24 Z#7=. Z® L 512 L T, kinamy-
cin D D B L O IAREENIEL<ZES o E
FINEEY DG ZEERT 5 Z &N TE (Scheme
3). ZZiZfE 5N 24 O diazoalkane @ IR 13 2067
cm™!, diazoalkane %?’%@ I3C-NMR |3 66.1 ppm IZ

TNTNERIN, FELULEY O SCHME?® &N
[ER-TN Yt
3-2. Benzo[ b ]fluorene 5§ D FEEEL2 E5)L

LEMITL S D ROV EROEEZZERKL 72D
T, #i\ T kinamycin € Db O D& HkZ HiF
L, benz[ flindenone 8 Z 5K ZMaT L /=, 8
D HiBR K & 72 % indanone 25 1%, BE4 @ bromide
26 & U formyl {k., Knoevenagel i &, fEZfilEtL
T 5 N 5 carboxylic acid 28 @ 43 T N Friedel-
Crafts RINIZE D&, T HIT I D 25 % 2-iodox-
ybenzoic acid (IBX) THi/AKZE3O L, HAEYOD benz-
[flindenone 8 #15% Z LW TE 7.
ZHOLTHESNE benz[f]lndenone 8 ITx L,
diene 9 & ® DA Jjis, £ Ui < M7k 5 g &k

0a, KF

14 (R=H)
15 (R= OH):I DMSO

63% (from 10)

Scheme 2.

—_—
2) TBAF
62% (2 steps)

Scheme 3.

mCPBA
Na,HPO,
CH,Cl,
0,
reflux o} 61% (2 steps)
12 13
NOE
HO QWP
OCH, BnO Y7 H
CH,
— ’
CSA, DMF v %
86% :_O
18
16 (a:p=5:1)
TBSCI, imidazole 0s04, NMO
DMF 60% THF-H,0 98%
TBSQ OTBS ><
BnO £ CHs Q O
, Os0y4 BnO H 3 CH,
“OH ~————
=%, pyridine OH
£ OHOH 91% o
oTBS Q OH

21

Stereoselective Synthesis of 21

1) PDC 1) NHoNHz
CH,Cl, EtOH
—_— _
2) NaH, CSy, 2) Ag20, Et,0
then CHjl, 3) A then KOH

in CH;0H
65% (2 steps)

21% (3 steps)

Synthesis of Diazofluorene 24

TBSO OTBS
o} CH3
o)
N/ )(
€y ©
N
W
N 24
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fbZmmaEt L7z, 844 T TO DA KGRI
HoT=7=®, Lewis iz & L CHifLHish 2 H bi’C*ﬁaﬂ‘
Liz&Z A, WEXIS DAFMEKTZHEL 2D
H OIINEFRE IR R, B < ZERBILITAL,
6 NEEHL = FNT, EFIIVRIERE, O
H D D silyl enol ether 2 0sO, TE{LL =& Z A,
HWD29 20 @EEZ272b0D, 51T 1,206 TH
LW D pATERBIFALETLZ 30 24Uk
(Scheme 4). m-CPBA g1t ® BUF /s k&R &2 5 A7
Mmo7zl=®, BL— b TOBEERALEHEL .
3-3. Kinamycin 8 (3) O2&mK(CR(F7RETY
Donohoe 532 & D #H & = 172 0sO,-TMEDA
Z T O allylic alcohol 6 @ syn- AR dihydrox-
yl ki, %S 3 cis, cis-triol 31 25 2 /2. i\ T
31 % silyl enol ether & L 7=D 512 m-CPBA IZ X%
4B EIT o LA, TR LITH DK E R
DRENERLEZDN, InzERMKETS &
WEXKOHMOD R2a NERMET DI 2RO 1.
BB, WEMERHETRETO 32 735 5 32a NDOFE
M7 BRI Uis o 72, 25 LTRSS
7z 32a, KT RTOD TMS ﬁe%ﬂfﬂmu L 7z tetraol
33 12D\ T 3 fif ketone DNARBR IR TL & il A /2.
247, KU 4 g FEE RS & D chelation % HifF L
T Zn(BHy), BicP 2k A7n, /o7 34133
i a Kk THo7=. =T, 14f hydroxyl 3 & Dkk
BN LUk 6 BREBRREZRET 5 AERIK

5, 20 36 DO KEEEDBIKRKIRIZE S e-
none 37 NOEHIZDWT, H&® Chugaev /s &
ZMat L7220, 2 fif hydroxyl &~ ® xanthate {t 73
EDRIKISMWETL, BHET 2 371355 nsh
> 7= (Scheme 5).

F 2T, 2 fif hydroxyl & {R#E L 7= Thi/KK
I ZAT O R 2 AT U /2. Tetraol 33 @ 2 #i hy-
droxyl % ® & % acetyl {t, L T diacetate 38 & L,
(CH3) ,NBH (OAc) 3 1T & 2 \EAREIRAIE IC & 3l A
o, BROBTIE, XEOH &3R5 BEREBRIR
REZRH T2, BRELUTHS (1 ORIRETHr
L DNAKERFD triol 39 ZELMICHDL I ENTE
=, ZOR, —HIX 1 LOETHHETT S,
MnO, ”othemm 9N IEZ, ZOHOD
I3 triacetate 36 ICFAE L, D35 LOHFAEL =
DE—HTBHZ &%ﬁ%a’a L7z, 39 @ 2,3 (L0 diol
BB % ketal TRET D EEBITTDOEMETHH
L, B —® diastereomer & L /=, Z @ ketal 40 %
Burgess 7 #3% THii7k U T benzold Jfluorenone 41 ~
FE %, ketal DFLIRE, 3 i 2 # hydroxyl B D
acetyl {b Z1T\), enonedl 25K L /7=. Th %
hydrazone 42 [Z2# L /=% CAN BB {L &2 A- & 2
A, O EHB® BB O quinine N\ Ok & [ERHZ
hydrazone @ diazo DO LN /7~ (L) -
methyl-KC (44) %17z, ZO{L&E®E, LA, K
oG RE 2 HIY & LUz KC OFFEARLIZB N
TAﬁéhtW?®%émA%f%é ZOHDIF
KIRD KC & [Alkk, BT diazoalkane Hizk D
W% UYL AS 2146 cm— l:, diazoalkane j% 3 ® BC-NMR
DT FIVN TT8ppm I TN T NEHM I N 7z

JZ2 W L, (CH;),NBH(OAc); B 217- /-
LA, DKL ¥%H T % pentaol 35 % 15
H5ZEMTER., TOWEIIHY T 5 triacetate 36
DX A HBERITROBRELL, L LN
1) malonic acid OCH
pyridine S
OO piperidine 93% OO CH3303H
”/ 2) Pd/C, H, CO,H P205
CH30  OCHs EtOH 93% CHzO  OCHs4 ok
26 (R=Br} BuLi/ DMF 28

OCHs CH30
OTMS zncl, (cat.)

PhCl Hs .15°C 155
OCH,3 © 77%  CHsO  OCHz O OCH3

25 8 9

27 (R=CHO) =— 84%

CHs 1) CSA/CH,Cl,
—_——

2) Air, KF
DMSO
48% (3 steps)

CHs

1) TMSOTf
EtzN/CH,Cl,
63%
—_— >
2) 0sO,4, NMO
THF-H,O
29 30
16-30% 28-35%

Scheme 4. DA Reaction of Benz[ flindenone 8 and Diene 9 and Trial for Stereoselective Introduction of Oxygen Functionality on D

Ring
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Ac,0

(CH3)4NBH(OAC)3 DMAP
R
CH3;CN-AcOH CH,Cly

83% 51%

1) OsOy4
TMEDA 1) TMSOTf
CH;  CH.Cl, Et;N, CHCl,
I —_—
2) NaHSO; 2) mCPBA
H,O-pyridine NaHCO,
66% CH,Cl,

Ar, neat
rt, 1 month

52-55%
(3 steps)

320 (R = TMS) — CH;0H-H,0
33 (R=H) t91%

34 (R=TMS or H)

Scheme 5. syn-Selective Dihydroxylation of Allylic Alcohol 6 and Trials for the Construction of CD Ring Part

luoy Ac20, py i, fuon 1) (CH3)aNBH(OAC)3
) “OHOH (70%) ) /OAC CH3CN-ACOH TSOH-H0
0 e 2) MnO, / ACOEt
33 38 (69%)
Y
Ei N:s:N,COZCH3 1) TsOH-H,0
L CH,Cl, - CH30H CAN
toluene 2) Ac0, Py CH3CN-H,0
(52%) (85%) (55%)
CH;O OCH; X
TsNHNH
42:X=0 —<—| 2
Y = BF;-OEt, 44
431X = NNHTs toluene (59%)
Scheme 6. Synthesis of Methyl-KC (44)
(Scheme 6). 5.
4. BHYIC

Pk, bhbhnidzoEIElLod 2% <1
TUHEIZDNT, DARIBIZK % 4 RIEFHKDOIE
R, KO 2FEOB KIS E 1 FEOEITTKINI K S &
EICHFEERERIL I N DERONAEINIEEZ
key steps &9 B E L Z1TY, methyl-KC (44)
DA ZER L=, 2001 45121 kinamycin #8602
AEH% TdH 5 11-diazobenzo[ b [fluorene HA7 A 3 fif
FtT_EBL=EKER T 2HE - PUBEEE T
lomaiviticin AV HEE X 11,30 EF SOV ) —TH
20, Z2<OEHERILFENTDOEGREHEL
THiZzHl>THD, 74 £7zif4F, kinamycin 6D
PUBBHEMEICEA T 2SN L <fThN TN 5.
4 1X kinamycin 8 0O R F 2 5 B Ml O 37 4K R
PR O G Rk & RS S PEAHBE B JE, I NI 11-di-
azobenzo[ b Jfluorene HifiL O —EAKR Dk & FEH T
5% lomaiviticin D2 &N EBEL TWS FETH

BB AR, EEOTERERERIEEN
T EEE R DR TERR R TH U, ARIFTEITHE U KRR
DRI - THREEZB O E LG MBERICE
SHALH U B ET. £/, AFFRORTICHRZD
T N TEE £ U7z 385 BLE 70 = T O LRI
DFHZIEHHB L BT ET. RHFEOE >N T Z2IE
S>TFXD, ¥/~-&HE/ kinamycin B OHY > 7 )L %
THETFIWE L JL B AN BERRICHES
N2 U ET. X S 217> THW/E
TR SCHR B2 1 32500 O R B B, BC-NMR
DHEETTHHTEW ETEREGTE Y —B =
TFHBRIEH N2 L ET. ZOHZEO —EBIESCEB
BB R BB & (SERhAFSE (A) 10771235,
# FWFJE (B) 15790003, FHARHFFE (C) 20590002) D
mBckofrbnx Lk,
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