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This thesis consists of development of novel [2+2+1] cycloaddition of
allene-nitrile substrates and its application to synthesis of roseophilin. Intramolecular
Rh(I)-catalyzed hetero Pauson-Khand-type reaction (PKTR) of the allene with inactive
nitrile as m component was developed. The author found that the reaction of
1.2-disubstituted aromatic substrates 1 bearing allene and cyanomethyl functionalities
produced the corresponding benz[floxyindoles 2 presumably via the initial isomerization
of nitrile to ketenimine 3, followed by the formal [2+2+1] cycloaddition. Furthermore,
PKTR of the simple linear allene-nitrile 4 with an electron-withdrawing group at
a-position to nitrile moiety gave the corresponding azabicyclo[m.3.0] derivatives 5
(m=3-5).

On the basis of these studies, the author directed his interest to the synthetic
study of roseophilin, one of antibiotics that have characteristic cytotoxicity. [2+2+1]
cycloaddition of allene-nitrile 6 was carried out in the presence of a catalytic amount of
[RhCI(CO)dppplz under CO atmosphere to produce azabicyclo[3.3.0] compound 7 in 72%
yield. Introduction of carbon chain at the cyclopentadienyl position of 7 was realized
leading to 8, which was then transformed into 9. Compound 9 was then exposed to
ring-closing-metathesis condition to afford 13 membered macrocycle 10. Thus, synthesis

of core skeleton of roseophilin was achieved.
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T, 571 W Pauson-Khand )i % 2 & 3 WP 90I3RER B2 %1 Tk, 7L
FRT NI ORBE n L LT, MRa REEM GO DISICFIHAETH D Z LN
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&, vy MMl A V725 F N Pauson-Khand U SOSICBW TR L TWA 1, HIZ,
TVy EDRBIRF T RRFICEESHR o~T 07 ALV AR DO HEITT 5, 20
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- 7-, (+)-Roseophilin 1% 1992 EICHEF 512 K - THOBRE X v
WS E SN PIARE ©. BRI EEE T 2 &
DEHI SN TS 2 (K562 il - ICs0 = 0.15 pg/ml, KB i :
ICs0 = 0.45 pg/ml), £7=, 7¥ v 27 ul[33.01B%5 13 8 |
BT U REER. 7 T v B LSS Ll = — 2 7k
EEFFOZ En D AL FERIC S IEF IZHBIEVEEY Th
0. ZOMRAERBIEORIHIENTERICE SN TS, Eido, =N vZ o pkisr s
9% Pauson-Khand )i & FHVW AUIE, roseophilin Ok % 7237 £ 7 1 [3.3.01'5#
BENAIRETH LD 5T L OBRILAFERDOLAHERIZ L 0 IS OE R BRI LT
REREREEATHZENHEKRD EE L, ZORARMITIZET LT,

1. = MU VRS & 5 [2+2+ 1RGO BRYE 9,

NRUB VRO 12MIZT L VT ) AFNEEZETHEEQ) %2, —BbREFHK T,
[RhCL(CO)dppple & s & % L [242+1 VB RIS AT L, BAT AR THRILE@AE S
5 LRI LT, £, KRUSOSICHMA I T 5 < = Y A0 a i kKRTT %
Rl WIEEZ W TS ERET LIz & 24, &< USBETT Lol 2 &b ARG
E=RUANDTT oA Iy 38 ~DORMLERDBECTHEITLTND L ER L, HIT,
AP OISR 2 RAD 572, NP U BER 2T Ly—= kUK 4 %1
WTRIGZEAT 728 2AH 7T oA Iy ~ORMELZ e T £ O RE#REZEA LA
B BGIRT Lr—= R U MRV TS [2+2+ 1V ERIEAETT 5 2 & & I LTz, 20
TEMD, ARG S ARHE L CEITL TV Z &3 <RIBS L7z,

R‘l R1 R1
___ [RhCI(CO)dpppl, o
= ‘™ CO(1atm) = Z -
R T R ° R
_ +2+ N _
c=N S NH
1 3
14 examples
up to 88%
R [RhCI(CO)dpppl, R
— CO (1 atm)
(¢n _— ( o]
C=N [2+2+1] N
R4 4 R4 5 H

n=1~3 15 examples
R* = EWG up to 83%



2. Roseophilin 44 s

PLEORRIZ LT3 LT3 B L % roseophilin D& EAFFEIZIGH Uiz, BEFID )
EIZHED, HIRD 2-7F 21,4V F— b 6 TRTEH W T Ly—=hK /K6 &, —
itk 3 255 F [RhCI(CO)dppple & LB L CERAKIA T &2 T2%DINR THAK LTz, ARkl
72T T TV EAEISETARUARE L, 7T RERENU UV THRE LA,
NaBH; CETTLChRU K8 L L7z, #HW\WT, 8 DT 7 ¥ Lik%a DIBAL W CET
LTCAITIFT— e LTk VA ABEIET, TV NV N TFANARERILESETT N7
TUKRQ VT AT VARG E LTHEZ, SO 9 ZIREMDOEE ML= R
R Z—7F 7 g R & LB L C 13 BRI 10 2 3T% DR THK L,
roseophilin ® = H A& A HEEE L T2,

[2+2+1]

CO (1 atm)
10 mol%
— [RhCI(CO)dppp]>

6 steps :
HO\/\ OH 2 5€P2
—\ toluene, 95

2-butyne-1,4-diol NC 72% NC

Iz

ring closing

metathesis

Hoveyda-

Grubbs 2nd /" =
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~_% roseophilin

toluene, rt N
0.025 M \
37% 10

(18% of trans-9 was recovered)

\ mixture of isomers

a) hept-6-en-1-al, DBU, pyrrolidine, THF, rt, 40%; b) BnBr, ’PerEt, TBAI, THF, rt, 90%;
c) NaBH,, EtOH, THF, 0 °C; d) DIBAL, CH,Cl, -78 °C;
e) allyltributyltin, BF3*OEt,, CH,Cl,, 0 °C, 99% for 3 steps, d.r. = 3:2
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Alkyne, alkene, allene %5 Dufiy % 43 +NIZOFEFF (LA %, CO FRHX
T Co=<° Rh filti & JLER -2 & /1 N[2+2+11 )i 23 1#1T L | cyclopentenone
& % & ¢e bicyclo ‘BN 1E B L5, F£72. alkene X° allene DX Enksy & L
T, BEFEHEITH S imine X° carbodiimide Z W% Z L L FAHETH 5,
LorL7e23 5, alkyne OEFZRBEARTH S nitrile Zapfiir & L TIEHA L
aza[2+2+ 1R GO EFNIEBETH - 72, HFEHIX. 7 THIZ allene &
nitrile 89 5 &EHE %, CO FRPHA T Rh fill it & 50855 & 731N aza[2+2+1]
RIS ET L, %9 5 azabicyclo[3.3.01 BN IR I AR TELH L %
R U7z, AR nitrile 7> 5 ketenimmine ~® BV 2/ THEITT 5 & D
E DT | nitrile DafiIZ BT 55 FEEBE L EA L TS ZITV,
EV RIS BILEZETSE DL Z LTI LTz, A LT azabicyclo[3.3.0]'F
KX, PUEEMERIRY) roseophilin ORMEZ LT Z L b, ARIGEFIH LT
roseophilin ® & KA FEICIMAM 2, TOEBRKR THD 13 BREH
azabicyclo[3.3.0l' B DA RIZKII L, ZOFHMEDO—HiE R LTz, LA EDRK
Fix, 21 ROSICH 72 R BRZ 726 L7 b DT, AR K UHI
SR TE~OEBRE ISRV, Lo T, A3t BIERS) ITET5 6
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