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Synthetic Studies of Quinone Antitumor Antibiotics.

Tohru Fukuyama*

Total syntheses of the nitrogen-containing quinone antitumor antibiotics saframycin B (2), cyanocycline A

(3), and mitomycin C(6) are described. Brief retrosynthetic analyses of these challenging molecules are pro-

vided to show our basic synthetic strategy.

1. BUBIC

BREFESTRKROF 7 ¥ AW 1B E A B
THEEHET L0055, KR TREZFOMEE TILE
ToTELEET—3DH b, Hila=— 2 THEM %L
Hirg % 4 5 - P8 T & 5 saframycin B(2), cyano-
cycline A(3), B XU mitomycin C(6) DEESHKIZoOWN
THEZPERNEZ T I LA THALAZWET)Y,

CHzNHCOCOMe

3: Y =CN Cyanocycline A
4: Y = OH Naphthyridinomycin

1: X =CN Saframycin A
2: X=H Saframycin B

o  CHzOCONH,
H
z  OMe
Me N NH
(o]

5: Z = OMe Mitomycin A
6: Z=NH; Mitomycin C

Fig. 1

* OKEZ A A KRFLFER

* Department of Chemistry, Rice University (Houston,

Texas 77251, U.S.A.)

2. Saframycin B D€ 4 %K?

Saframycins | Streptomyces lavendulae |= % - CHJE %
NDFFRLME L FF o 72— 8ikF ) VLB T, hTh
saframycin A (1) (3BAF 2 HUBIEE LA LTV 59,
HW I EZE O % 5 5 7 renieramycins A A
CHEEINTWAY, Zo—H#OLaWIc>WTid,
H, ARICE ZEEICHMICELE STV DY, Saf-
ramycin B(2) i3 Z#0OHhCOROMELMEL AL, it
FETEME (34K A saframycin A (1) B X U renieramycins
EERMREDEFIMEAME LTRETH S 720125
DEREEE LTGERAL, B, BEEZLIIHEVWTA
ROED2DEBITH LTWBY,

AR DR G E R 2 A R AT I REE 2 Vs, 2

\ OMa
[s] Ma

o H
/ CHzNHCOCOMe CHzNHCOCOMe

| I

HO
oR OH OH oR H
Me H " OMe c Me Y
S NMe < NMa
HN HN
MeO A Ma MeO H
OH T OR oH

4]

OMa

OR o OH
- OMe E CHO NH Me
H"j') OHC
o
8
Fig.2



802 HBEEHALS 4546 %4 8% (1988) (78)

D& HIZ2 OEHEGETHE % MREL Lz, A) RIGHICE

F /) rOFHFEFRICL AL, B), C)ifi Pictet-Spengler
i, D)4 FERT T VBOFE, E)C-CiEany)
Bick o TR T AT R(7)E7) L EKY(8)
2% THMILT 5,

EBICEBIF 27 V7 e F10) &, dHRO 2,6-
VAMFLI IV (9) 0RO L) ICHEIZBONS
(E3),

MDETFNVEBRORER, 7 2EM) TESHIE
TTHBTINA I a4+ B2, W+ A2 R
HOA)TRERILRWVWEV) HELHRIE SN
(R4), #ZT, BLOBEDOABEE £ 63712
HEGEREATHILICL(5), A EE5 D XD
W AEIE L7z, '

MWaw7 I/ TVTE F(16) DERIFHE FARITFETH
HDT, ZDEMATH S 18 BLUT 3/ BEkEA&(19)
% Schollkopf D4 V= FJ IV E W= HEY2#FH LT
10EYEKLZ(R6),

DCC %o 7-HEHETIB L 19 %A LA MEOT 7
AT VA< —OBHELIRA (20) 215372, ZOREM%:

HO CHO
MeO a MeO. b,c MeO.
Me Me Me CH,0Ac
OMe OMe OMe
d

OBn OBn OH
MeO MeO et MeO
Me CHO Me CH,0H Me CH,0Ac
OMe OMe OMe

(a) ClgCHOMe, TiCly, CH2Clz 0oC (100%); (b) 37% HCHO, HCI, 800C (84%); (c) NaOAc,
AcOH, reflux (100%); (d) MCPBA, CHCly; EtaN, MeOH (98%); (e) PhCHgBr, KzC0O3, DMF
(86%); (N NaOH, MeOH (100%); (g) PCC, CH2Clz (88%).

Fig.3

THETHILELRLTEFMEL, SHLII_EBERKEESYESE
WAV VYRR LIZEZ A, BOMRTRILIZES>TEY
BMZBAW 1, 2) 5 U L LADS, T4
BT RRIC R 2 AR A % DBU CBINERR (2 8ERE
WMBEL72EZA, TIWA IZ9 AL F VBRI ES I
I, RKODET 70k MFEEEY E L T2 H
572% ODEHNETHO N, BUELATTTIF I FA

NCO,R NHCO,R Me
MeO NH

Fig.5

OMe ocoprh I OMe OH

NHCHO NH;

d-n  MeO
NHCHO NHCbz
CO;Et

{a} cinnamyl isocyanide, BuLi, THF, -780C; 10, -780C: 3N HC), MNQ‘H (B}
NaOH, MeOH, reflux (75%); (c) ethyl imyln‘:lmuw. KH, THF, 0°C (88%); (d) Ha
(1000 psi), Ra-Ni (W-2} (95%); (o) PhCHzBr, K2C03, DMF (90%); () HC), EtOH,
reflux (100%); (g) ChzCl, N,N-dimethylaniline (89%); (h) NaOH, MeOH (94%).

Fig.6

MeO

Ph
OMe OH OBn

Me OMe
a NHCbz 50
18 + 19 —— _—

OBn OMe
OMe OAc OMe OAc OH

CHO OMe Me
NCbz oie
Me  MeO

OBn

OMe OH OBn
Me OMe
NCbz e
HN -
MaO Me
OBn (o] OMe

Me

OBn o
23 24

() DCC, CHaCla, 23%C (B3N], (b) AczO, Py; (<) O3, MeOH, CHzCl, -789C; MegS,
239C; (d) DBU, CHzCla, 0C; (¢) HCOOH, 60°C, 20 min (72% overall yield from 20

Fig.7



(79) BERY /AT EHOEHT 803

D7 b ATIN-BEEC X A ZERE ORI Y,
E-BA%E4k(24) X 0 BN EMIZRE R Z-REAER(23) 0
AVHOENDLLEEZLNE (E7)Y,

FA—Z o X NVIZX B 2B 0EMBETIETFEEBY Y
v 70 [3.3.1]RDBFEED L exo- N HEID,
RKODBWAR Y TN ENTZ 25 DADER LTz, BL~<
Vo EMATEIHICEMETYHiT5E, N-xF1k
SN 26H 2355 75% OWETHOLNIZ, 6DT 7
& ADMICIE LIAIH, # V7 & A EFICERIETL
DROBT I 21O NRD o125, AlH, #fEH 2
EICE o TREMICIE DL LA k- (H8).

() Hz (1000 psi}, Ra-Ni (W-2), EtOH, 100C; () 37% HCHO, Hz (1000 psi), E\OH, 23°C
(75% averall yield from E_l;};(e] AlHj, THF, 23°C (S8%).

Fig.8

TIry@HDOTINVFE F(28)IZ L % Pictet-Spengler
Bk, B9 o X IZEH, RUGREICIGETRZ >
ITHHRTTF S FOL v FE ) 2K30,3) 2527
D, WENRL KD D - (30) BFEEMMTH - 720
Z i allylic strain # #8372 E-fl 1 3 =7 445 (29) 12
7 x /= WIS EEE R SR 2 f- A S BT B
CriZEBLnEEbhA, 30D Cbz 3k % HfilR LT
&, BBt EHCTTIMELT 2 F(32)
B, COBERICN N-VAFLTZ) »2fdis)
ET72 /)= NOTIMEEH T EAHK D, RAEPE
D7z —VORLIZX B p-F /7 Y OAERKIE, o-F/
Y ORIED DR L72A, Wity A(N)T7 v E=
%7 4 (CAN) # FHHWT 37% OYHETKD L 7 I KD
saframycin B(2) #1585 Z & a5k 7=,

FO®BEE SO OME M TV GIEC
ZREMz, BERI10D X H &)V — b T saframycin A
(1) EER~NOEELPHAETLHLH 25 L KEEHL

OH  CH NHCbz

30 31
t-AmOH, 100:C, 1hr 3:2
benzene, T0¢C, 1hr 4:1
CHsCN, 700C, 2hr 6:1
CH3CN, 23¢C, 2 days 1m:1

."‘H '-H
OH  CH NHCOCOMe O CH,NHCOCOMe
32 (+)-2

{a) ChzNHCHZCHO (28), CHaCN, T0°C (T6%); (k) Hz {1 atm), 10% P4/C, AcOH

(100%); (¢} MeCOCOCI, N N-dimethylaniline, CHzClz (90%); (d) CAN, THF-Hz0
(3:1), 0°C (3T%).

Fig.9

o] OBn

OBn
OMe OMe
H‘\NAG a NH
* AcN.
Ach‘) OHC Me Me
[e) Me o] Me
I b-d

10

OMe o] OTBDMS OTBOMS

Me OMe
NCbz e (%\NCbz OMe
HN.
MeD Me AcN. Me

OBn o OMe 0 OMe

{a) t-BuDKA-BuOH, THF, 09C (79%); (b) Hz (1000 psi), 10% PAC, E1DAc, 80oC
(100%); (c) t-BuMegSiCl, DMAP, EtaN, CHgCla, reflux (95%); (d) ChzCl, DMAP,
ExaN, CHClz, -159C (T9%); () 10, +-BuOKA-BuOH, THF, 78 to 0oC (87%);

(N NaBHyg, EtOH, -20°C; HCOOH, 23%C, 20 min (77%); (g) n-BugNF, THF (84%);
Ch) Hz (1000 psi), Ra-Ni (W.2), EXOH, 1209C (86%).

Fig. 10
TWwh,
3. Cyanocycline A D&

Cyanocycline A ( 3) |3 Streptomyces flavogriseus H3H: jE
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T APUE L S PLAEWE T, naphthyridinomycin (4) %
NaCN TUET L L I2Lk - T BN LY, 4 138%
BT ORI SBMOLRFRLERL, £ TRIE
BOBAF )Y, TIF—, FFHV)VIVBEAEL
26 BRMEDILEWTH D, SHARILFEEICE 5 TIFE
FITENSDEF A, RIZIZHD ABICHETI LTy,
X O %5 % cyanocycline A (3) DA IE, HEHS &
Evans 5 S LT (Y, ElE T 6 FEDKHA * |
R LA, EEIZE - TRYO 4 5F IR PR OB
T, 2%<Eb10@YDEHEN— b rRAS, 22T
EAR—ZDEETHI L2V — b DA ERIT 55,
OB 4 % KBERBFRKIZIE T 572D EH) $TH
/R

4 DWEHRMEEXR 1N IR LE, A)SHICED
FOUHOREB LU T I F - VEROME, B) A F4
VNI YBEDT 7 5 A~DEEW, C)iifi Pictet-Spengler
B, D)7y E=T7HEIZL A+ L 74 D&, E)
I+ 3 FOmKS#E, Flos-¥oy Jy@molixE, G)
BTN =G, SO X8R 4 DA% B
i 7VTFe F(33) L ¥a) > (34) 123 CTHAM{LLT
EZBIENHES,

77k F(33) & L Tit saframycin B 412 B W
LRRESEOBESZ10%ES5 2 Li2L, Yoy »(34)

OH |
N
Na\ﬂ,oau-t ab NHBoc ¢ Me CO,Et
0 CO,Et +BU0SC
35
?mH ?oc
d Me N .COEt e N.H, cH,0H
t-BuO,C +-Bu0,C
36

(a) PhaP, toluene, 0oC; (b) MeCOCOZEY, toluene, reflux; (c) t-butyl acetoacetate, NaOEs, EtOH,
600C; (d) p-TeOH, quinoline, toluene, reflux; (e) LIBEtgH, THF, 0°C (45% overall yield from EZJ

Fig.12

DEAMK(36) EFH12DEHICLT E-7F LT Y Fh
A=} @) EBINK A% THER LT,

36 L7 FE FO0)EDRIETIE, KRTT ¥
BT 2 o~k (37) 254 1, iREE LR & HICF
W& o TRNFERNAHFIZ vk (38) DA %155
NIRRT, OB, HMEROBRILEICL DEIIEE
P Clzdiciigie ) L—F2HOADBHEHTH D, K
DREEE 38 D 4 [B#A L 7 1 >~ OHFfEITT, Pt, Pd
HAOfBEIE IS hwI I Arstz, TR —
S T VIZAENTED A HEMICHEDDH Y, Rh &
DOMEN R LR THLE VI BERIGEL, 7272
Rh IR PN EOFHFREBTLTLE I OT,
T PA/CEM-THRELTBLLEN DL, ZHLT
BONZRAW(B) X A0 ICTH| L L AB DS

{a) LDA (2.5 eq), T“F. =78°C; ZnClg (2 eg), THF, A‘FB'C;EE. -78 1o 00C (T7%); (b) Hz
1 atm), 10% PA'C, EtOH (96%); (c) Hz (1500 psi), 5% RIWVC, EtOAc, B00C (63%);
{d) PhCHzBr, KeC Oy, acetane; (¢} Jones oxidation; () Mel, KzCOxa, acetone (80%
from 1?;!', (g) 2% CFaCOOH/CHZClg, reflux (83%).

Fig. 13




(81) GEEF ) VRIUEWE DG

WMTHDHZ Loz EoTHL T 4 X DETIZH
fFEBY S BROVAKEED D2 o-fll A & FERAYIC
EITL2bDEFEZ BN 5B, KRIZ 40 D Boc 3 % 3#4R 1Y
WKEBRELTT I~ (41) 2187:(313),

BEICZDOEREBT N-D VKT b F 625 2EFIL
ERNPST I ORERIIERE, EE BXUTER—
Sy FICE BEITEMFICH R, B ORMESENET
THRETEELZ S OPET LI EAIh - TWY,
BHFOREETIOHMIIH 5725 DIRRWEE R A5
7:OTHARKG LI-&SE, 7okl — )k (42) # %
ThHIEHH#k, TIrOREDE, 3D -TFN
IZATNVEEEICLSTT I FA) IR L1, REHE
Dt y-7 I FOBRKRGEEDSEELRKICD—2T
HEH, FVIZHEY FUCHEERILT L L4 ko
LG I F@S)FENETHE LN, ZORIGHIZEA
AL 7 4 7 45) (MR THIL= o o v EES IS
L, NEER a-Z7 0N FFL L (46) %525, 46 F
B+ AT L EHIZ NaBH,CN GETE L& 25, K
DHAFTLM@MB)DEERYE LT64% ODILKTHES
Nizo Tz Thar=bav+L 74 >~ (47) DL
KEEDD L a-flH 5 1,4-BTCARE /2720 EZ
TWh, AF L LA8) DT F—= v 7 VIl X HHEALETT
BFPEEBD o2 6 TASERMICEZ D, RKDBE
NYTVMELIZB-7 3 v (49) DA B SN (K 14),

QDT NVFE F(B0)IZL A Pictet-Spengler i)t i3 F
HUO LD ERES5 2, KoOD2MUUTE WYL LT
92% ODWHETHON, THIZPHETHLA I ¢
SERFEDL v E-BITE Ok ) % TARRCHE 2 #2 T
Bits a7 Bbhd, Ri27/ - VEREL, A
FIVIAF VDT VT FADEGRIT % 372 AR
BEICLIKODLTIF— VBB o700 F
ZCH ¢ LIBELH T7 3 — v (53) 12 L, kT Swern
BILTHZEICL T 2B COREERT I+ —
VI ¥ <—DiR4EY (54) % 15 b |2 Me,SiCN-ZnCl, THlL
YL LILEST, BELT I/ =) (55) *Hi—
WELTHZ(HE15),

NV NVEOEMBEITCIZ L D ER#E R, 73220
VBEIUAXH V) DU HFETTREATETHL I LA
Hho720T, 55 DERET BClL, # W CTHR#EL, XK
WCHERET 2 7 )V (56) 12 & » TIR#ET B Z L2 L7, 56
DT 7 & ALild Lawesson HIEZFFH W THETF AT 7 ¥ A
BDIZEB]L, SHIEIRERLS LTI —= v
WVTTERR R L TR ER A 3~ (58) 21872,
COLIVRIFLYVAFIREMBA LI ICE ST
FIFERMIZAFH YT (B9) 252729, & DR

805
OBn
" 55
— HNH come
41 + c_o N Me
Y Y O OMe O

CBn CBn

(a} i-PraNEt, CH2Clz, 0oC (92%); (b) TFA, 235C; () CICOzEt, EtaN, 0°C: NHa, 0oC
(94% from 2}: (d} camphorsulfonic acid (CEA) (0.6 eq), quinoline (1.2 eq), benzene,
reflux (85%); (e) NOCI, MeCN, CHzClz, -35°C; () NaBHaCN, MeOH, MeCN, CHzClg,
-200C (64% from ::52; {g) Hz (1500 psi), Ra-Ni (W-2), EtaN, ECOH, 1000C (72%),

Fig. 14

{a) BnOCH2CHO (59)‘ AcOH (2 eq), MeOH, 60°C (92%); (b) PhCHzBr, K2C O3,
DMF (92%); (¢) LiBEtsH, TMEDA, THF, 0oC (76%); (d) (COCl)z, DMSO, -78:C;
EtaN, -78 to 0°C (85%); (¢} MeaSiCN, ZnCly, CHgClg, 23°C (89%).

Fig. 15
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Fig. 16
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{a) 2-trimethylsiloxyfuran, SnCly, CHaClg, -780C; (b) toluene, 150oC.

Fig. 20
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(a) ClzCHOMe, TiCly, CHzClg, 09C; (b) Se02 (0.1 eq), 30% HzOg, tBuOH, 50-600C;
(e) EtgN, MeOH; (d) Acg0, Py; (e) 90% HNOg, Acz0, AcOH, 0°C; (f) 3N NaOH,
MeOH; (g) Hz (1500 psi), 10% PA'C, EtOH, 23°C; (h) NaNOg, HC, Hz0, 0oC;
NaNga, HzO, 230C; (i) 37% HCHO, KOH, t-BuOH, 80°C; (j) PhCHzBr, K2C 03, DMF,
80°C; (k) PCC, CH2Clg, 23°C; (1) PRCOMe, 3N NaOH, MeOH, 23°C.

Fig. 21
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(a} 3nCly (0.1 eq), CHzClz, -789C; 3N HCI, THF, CHgClg, 23°C (98%); (b) toluene, 1102C, 2 hr (93%).
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{u]i{(l.s eq), CHClg, 400C, 1hr (87%); (b) Mel, t-BuOKA-BuOH, THF (79%); (¢} NaBHy, MeOH;
(d) SOClg, 2,6-lutidine, CHzClz, 230C; () DBU, LiBr, DMSO, 80°C (77% for the three steps); (f) O3,
MeOH, -780C; NaBHy, 23°C (79%); (g) CICOgPh, Py; NHa, MeOH, 230C (80%).

Fig. 23
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{a) pyrrolidine (5 eq), AcOH (10 eq), CHzClg, 232C, 3 hr (70%); (b) ANOPr-ila(1 eq),
MeOH, 23°C, 2 d (91%); (c) NH3, MeOH, CHzClz, 23°C (75%).
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{a) SnClq (0.1 eq), CHzCly, -78°C; Py (95%); (b) toluene, 110oC (86%); (c) DIBAL, THF, -780C (99%);
(d) AcgO, Py (100%); (¢) RuOgz NalOy4, EtOAs, Hz0, 230C (84%); (D NaBHg, MeOH, 23C (97%);
(g) CCIzCONCO, CHaClg, 23°C; Alg0a (T9%).
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Total Synthesis of (+)-Leinamycin

Tohru Fukuyama*.T and Yutaka Kanda®

TDepartment of Chemistry, Rice University, Houston, Texas 77251, U.S.A.
iTokyo Research Laboratories, Kyowa Hakko Kogyo Co., Ltd., Machida, Tokyo 194

Abstract: A total synthesis of (+)-leinamycin (1), a unique sulfur-containing antitumor
antibiotic, is described. The present synthesis features a stereocontrolled construction of the
macrolactam followed by a spiroannulation of the hitherto unprecedented dithiolanone ring.

1. Introduction

Leinamycin (1) has recently been isolated from a fermentation broth of Streptomyces sp. by a
Kyowa Hakko group and has been shown to exhibit potent antitumor activities against experimental
tumors (ref. 1). Leinamycin preferentially inhibits DNA synthesis in Bacillus subtilis and causes single
strand scission of plasmid DNA in vitro in the presence of thiol cofactors (ref. 2). The relative
configuration of leinamycin was determined by an X-ray crystallographic analysis (ref. 3). The absolute
configuration was deduced as shown on the basis of the fact that partially racemized D-alanine was
obtained by acid hydrolysis of leinamycin (ref. 4). The unique structural features of leinamycin include
the 1,3-dioxo-1,2-dithiolane moiety which is fused in a spiro fashion to an 18-membered lactam and the
extensively conjugated thiazole ring. No other natural products with such an unusual dithiolanone
moiety have been isolated to date. These synthetically challenging structural features combined with the
interesting antitumor activities prompted us to initiate synthetic studies on leinamycin at the beginning of
1989. Completion of our first total synthesis of leinamycin was achieved at the end of 1992 and has
recently been reported as a communication (ref. 5, 6).

Leinamycin

2. Retrosynthetic Analysis

Our initial retrosynthetic analysis of leinamycin is outlined in Scheme 1. A stereocontrolled
construction of the 1-oxo-1,2-dithiolan-3-one moiety from 2 was patterned after the well known,
concerted addition of sulfenic acids to olefins (Step A). Preparation of the macrolactam 3 would be
achieved by umpoled addition of aldehyde 4 to 5 followed by cyclization (Step C). The geometry of
olefin 6 could be secured by using the cyclic intermediate 7 (Step E). Controlling the absolute
stereochemistry at C4' of leinamycin could be achieved by employing the readily available, optically pure
1,3-dioxolanone 8 which was developed by Seebach (Step F) (ref. 7).
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3. Synthesis of the Macrolactam Moiety

Treatment of the optically pure dioxolanone 8 with LDA followed by addition of racemic 4-
methyl-2-cyclohexen-1-one furnished a diastereomeric mixture of adducts 9, which was oxidized with
PCC to give a 1:1 mixture of cyclohexenones 10 (Scheme 2). The ketone 10 was converted to silyl
enol ether, and subsequent oxidation with MCPBA followed by acid hydrolysis gave a-hydroxy ketone
11. Facile cleavage of o-ketol 11 with periodic acid followed by esterification of the resultant acid 12
afforded methyl ester 13. Unfortunately, we could not convert ketone 13 to the o,p-unsaturated
carbonyl compound 14 (X=OEt or alkyl). One of the reasons for the unsuccessful chain-elongation of
13 is that the reactivity of the ketone toward nucleophiles is comparable to that of the lactone in the
dioxolanone ring. In addition, an undesired, facile aldol-type cyclization occurred even under mild
alkaline conditions.

Scheme 2
0 o)
Me Me
o  Me 1)TMSCLELN  q  Me OH
H ZnCl,
o - o0_ .0
o\’;(H 2) MCPBA X,
tBu 3) HyO* tBu
8 1
HslOg

12 13 14
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We next focused our attention on the use of the more reactive aldehyde 15 or the corresponding
acid for the chain-elongation (Scheme 3). The most challenging aspect of this approach is to introduce a
methyl group to the C6(*) position (leinamycin numbering) under mild conditions. While attempted
transformation of the aldehyde 15 to 16 was quite troublesome, the model studies conducted with the
simple acid 17 proved to be quite promising. The acid 17 was first converted to acid chloride 18,
which was subsequently treated with a stabilized Wittig reagent and triethylamine to give the allenic ester
19 (ref. 8). Addition of a methyl group to 19 using MeyCuLi at =78 °C proceeded smoothly to afford
exclusively the Z-isomer 20 (ref. 9). Subsequent reduction of the ester to the corresponding aldehyde
followed by isomerization of the double bond to the conjugated E-olefin would complete the requisite
transformation.

Scheme 3

Aro/\/\i:r OH (COCl),

(o]
17
H H
o W cl PhyP=CHCO,Et AO /\/g C* H Me,Culi ArO Lk Me
B —
le) Et;N §r o
CO,Et 70% CO,Et
18 62% 19 20
(2 steps)

As outlined in Scheme 4, the dioxolanone 8 was converted to cyclohexenone 21 by a one-pot
procedure. The a-ketol 22 was prepared from 21 using the aforementioned method. Cleavage of o-
ketol 22 with periodic acid followed by esterification of the resulting acid aldehyde furnished 23. The
aldehyde 23 was subjected to the Jones oxidation to give acid 24, which was converted to acid chloride
25 by treatment with oxalyl chloride at room temperature. In order to facilitate the transformation of the
ester functionality to aldehyde, the acid chloride 25 was treated with a stabilized Wittig reagent prepared
from ethyl bromothiolacetate (ref. 10), giving a 1:1 diastereomeric mixture of allenic thiol esters 26. To
our regret, treatment of 20 with MepCuLi at —78 °C did not give even a trace of the desired compound
27. Examination of the IH NMR spectrum of the crude reaction mixture revealed that the initially
formed dienolate 28 was intramolecularly intercepted by the lactone carbonyl to give a diastereomeric
mixture of the bicyclic compounds 29. Attempted purification of 29 on silica gel tlc caused hydrolysis
to give 30. Clearly, we needed to develop an effective means to intercept the incipient dienolate prior to
the undesired cyclization.

Scheme 4
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While intercepting the dienolate 28 with a large excess of Me3SiCl was unsuccessful, we were
able to obtain the desired compound 27 in addition to 29 by performing the addition of Me,CuLi in the
presence of one equivalent of BF3-Et;0 (Scheme 5). Increasing the amount of BF3-Et;0, however, did
not substantially improve the ratio. In desperation, we decided to carry out the reaction in the presence
of an acid which was expected to be a better trapping agent than Lewis acids. The question to be
answered was whether or not MeoCuLi would react with allenic thiol ester 26 before being protonated
by the acid. Much to our delight, Me,CuLi added smoothly to 26 in the presence of five equivalents of
acetic acid at —78 °C to give almost exclusively the desired product 27. We could further reduce the
amount of Me)CulLi from ten to four equivalents by employing six equivalents of the less acidic phenol.

Scheme 5
CO,Me

Me /
H, °
+ u/<
+B o

COSEt OH \~_ . COSEt
Me
27 29

Reaction Conditions (=78 °C) Ratio (27:29)
No trapping agent 0:1
Me;SiCl 0:1
BF3-Et70 (1 eq) 1:1
BF3-Et;0 (10 eq) 3:2
AcOH (5 eq) - MexCulLi (10 eq) 1: trace
PhOH (6 eq) - MeyCuLi (4 eq) 1 : trace
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We have recently reported an efficient method for converting ethyl thiol esters to the
corresponding aldehydes (ref. 11). The reduction is performed by treatment with triethylsilane (2-3
equiv) and 10% palladium on carbon (2-5 mol %) in acetone or CH2Cl, at room temperature. Versatility
of the reaction has been fully demonstrated by the total syntheses of neothramycin A methyl ether and
cyanocycline A (Scheme 6). As expected, reduction of the thiol ester 27 proceeded smoothly to give the
desired aldehyde 31 in 92% yield. Subsequent isomerization of the B,y-unsaturated aldehyde was
facilitated by treatment with DABCO to give the E-o,B-unsaturated aldehyde 32 as the predominant,
kinetically favored product.

Scheme 6
DMTSO.
e 1)EtysiH  DMTSO N "o N H
H i I
N Y. coser __ PdC | —
MeO — .  MeO
o 2) CSA MeO v
MeOH o . C:)Me
oM
COSEt 66% © Neothramycin A
methyl ether
o ?HQOHC
H H MeO P
Boc-N, _ COSEt _ Boc-N, _CH(OMe),
y ; 1) Et,SiH, Pd/C y ;
- I NM
2) CH(OMe)s, CSA Me ¢
MeOH 3 H
CO;Me 95% CO;Me </ “y
o}

Cyanocycline A

CO,Me

Et,SiH

10% Pd/C DABCO Q
— PR
acetone o]
: CHO  77% ; Z ~cHo
2% tBu Me By 1 Me
27 31 32

With the properly functionalized aldehyde 32 in hand, we then focused our attention on
preparation of the thiazole-containing segment. Initial model studies are outlined in Scheme 7. Although
4-alkynylthiazoles could not be found in the literature, conversion of the readily available ester 33 to
acetylene 35 via aldehyde 34 proceeded uneventfully using the Corey-Fuchs protocol (ref. 12).
Palladium-mediated coupling of 35 with y-bromoallyl alcohol furnished alcohol 36 (ref. 13), which
was subsequently oxidized with MnO; to give aldehyde 37. The aldehyde 37 was then converted to
dithiane 38 and cyanohydrin derivative 39 in order to perform umpoled addition to aldehyde 32. Upon
treatment with LDA at —78 °C, however, both 38 and 39 decomposed instantaneously to give intractable
mixtures.

Scheme 7
. S .
S 1) LiAlH, S 1) CBry, PhaP - I BrX-"0H
P—\ | —_— Ph—<\N]\ —_— b <\ >
N"Scom  APCC cHo ~ DBul S
nNEty
45% H
33 34 77% a5 CuBr, NaOl
67%
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In light of the failure in the umpolung approach discussed above, we revised our retrosynthetic
analysis as shown in Scheme 8, which involves controlling the stereochemistry of the remote chiral
center at C8 with an asymmetric aldol reaction of aldehyde 41. Since the methyl ester in the advanced
intermediates could not be hydrolyzed in the presence of the 1,3-dioxolanone ring, we synthesized the
more practical intermediate 46 from 22 as outlined in Scheme 9.

Scheme 8

R _ CHO R =

Me H OH (O) Me

o)
OH 0/\/ COEMB 0/\/ COaMS
1) H5lOg Q Jones oxid. 1) (COCI),
- —_— -
2) 2,4,6-Cl3CgH,COCI o, © i 2) PhyP=CHCOSE!
EtgN, then DMAP cHo 9% CoH  EtN
HOCH,CH,CO,Me :TH
tBu 73%
59% 42
0
CO,Me CO,Me
0/\/ 2 0/\/ 2
Me,CuLi 1) Et,SiH, Pd/C
—_— ==
> PhOH 2) DABCO
Ca ’ COSEt
87% By o Me 92%

COSEt

In our earlier model studies we achieved moderate success in controlling the absolute stereo-
chemistry at C8 using Evans' oxazolidinone-based chiral auxiliaries (ref. 14). A procedure reported by
Mukaiyama and Kobayashi then caught our attention because it employs thiol ester derivatives for
asymmetric aldol reactions (ref. 15). It was extremely gratifying to learn that addition of the silyl enol
ether 48 to aldehyde 47 in the presence of the chiral diamine 49 furnished predominantly the desired
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adduct 50 in 92% yield (Scheme 10). After protection of the alcohol as its methoxymethyl ether, the
thiol ester was subjected once again to our reduction conditions to give the corresponding aldehyde 51.
The aldehyde 51 was then converted to the E-vinyl iodide 52 according to Takai's procedure (ref. 16).

Scheme 10

O

Me 49

Sn(OTH),
OTMS 1 Bu,Sn(OAc),
~78°C, 18 h

92%

1) MeOCH,CI
f"Pl’EN Et

2) Et3SiH, Pd/C

91%

We were now ready to synthesize an optically active equivalent of 4-alkynylthiazole 40 for a
palladium-mediated coupling reaction with vinyl iodide 52. Fortunately, preparation of the optically
pure thiazole derivative 53 from readily available L-lactic acid had already been reported by Schmidt (ref.
17) (Scheme 11). Protection of the alcohol as a ¢-butyldimethylsilyl ether and subsequent reduction of
ethyl ester with LiAlH4 gave alcohol 54. Swern oxidation of the resultant alcohol furnished the
aldehyde 55, which was then converted to the dibromoolefin 56. According to the Corey-Fuchs
protocol, treatment of 56 with n-BuLi afforded acetylene 57 after desilylation. Finally, the Mitsunobu
reaction using HN3 provided the optically pure azide 58 (ref. 18).

Scheme 11
S 1) TBSCI s Swem M s
Me>__<\ l imidazole Me) K] oxid. . O CBr,
% —_— Z, - - },—(_"
HO H N"“cogt 2)LiAH, TBSO' H N7 ™cH,0H TBSO' H N™ “cuo PheP
91% 94%
53 ’ 54 55 (2 steps)
Me, S Me Me,
1) BuLi DEAD, PhyP
Do L DEADPRP N
TBSO H 2)n-Bu,NF  HO H HN N3 H
| ) AN 3 A
86% 99%
56 B Br % 57 58

To our delight, the palladium-mediated coupling reaction between 52 and 58 proceeded
smoothly to give the desired ene-yne product 59 in 88% yield (ref. 19) (Scheme 12). Since the rate of
hydrogenation of the azide in 59 over Lindlar catalyst was comparable to that of the acetylene, it was
first reduced to amine 60 by treatment with Zn in acetic acid. While selective hydrogenation of the
acetylene 60 over Lindlar catalyst was prone to overreduction, we could manage to obtain the desired
E,Z-diene 61 in 74% yield under carefully controlled conditions. At this stage, deprotection of the acid
protecting group in 61 was performed by treatment with DBU at room temperature, giving the acid 62
in nearly quantitative yield. Subsequent macrolactamization of the amino acid 62, which was effected
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by means of bis(2-oxo-3-oxazolidinyl)phosphinic chloride (BOP-Cl) (ref. 20), furnished the desired
lactam 63 in 91% yield without using a high-dilution technique.

Scheme 12

PdCl,(PPhg),
CuBr, Et;N

88%

Lindlar cat.
Hg, quinoline
99% \(H 74%
+-Bu Me OMOM OMPM

60

Me H s
1Ty -
o_ N-P-
Y &Y
DBU o ! o
) i-Pr,NEt d
o 0 O
™y 73 % 91% \'<H S
+-Bu Me OMOM OMPM +-Bu Me OMOM OMPM
62 63

4. Synthesis of the Dithiolanone Moiety

With the macrolactam moiety of leinamycin in hand, we focused our attention on the conversion
of dioxolanone 63 to leinamycin 1. In view of the multiple functionalities present in the lactam 63, this
challenging transformation must be carried out as meticulously as possible. It is quite evident that the
use of reactions requiring radical, reductive, or strongly acidic conditions should be avoided.

Me, H S

I\

e LA

2 NG H
\s(o _— O Me OH
:H s 3
tBu Me OMOM OMPM Me H OH O
63 _ 1

The seven-membered lactam 64 was synthesized to carry out the initial model studies (Scheme
13). We recognized immediately that the intermolecular delivery of a sulfur functionality by Michael
addition to the C3 position of 64 was virtually impossible presumably because of the steric hindrance
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caused by the adjacent quaternary center. Therefore, we concentrated our efforts on the intramolecular
approaches. As described in the initial retrosynthetic analysis (Scheme 1), the sequence outlined in
Scheme 13 was patterned after the known pericyclic reactions between olefins and sulfenic acids (ref.
21). Alkaline hydrolysis of dioxolanone 64 furnished the a-hydroxy acid, which was converted
smoothly to phenyl ester 65 by treatment with phenyl chloroformate and Et3N. Subsequent treatment
with NaSH gave thiocarboxylic acid 66. Treatment of 66 with the sulfenyl chloride prepared from
methyl B-mercaptopropionate followed by oxidation with one equivalent of MCPBA afforded the
acylthiosulfinate 67. To our dismay, thermolysis of 67 did not give a trace of the desired compound
69. To the best of our knowledge, acylthiosulfenic acids such as 68 have never been reported in
literature even as a transient species.

Scheme 13

NBn 1) NaOH 1) CISCH,CH,CO,Me

fo) H;O-MeOH EtzN
—_— -
2) PhOCOCI  PhO 2) MCPBA
O\<O EtsN )
:TH
+Bu 64 ok 65 66

Numerous attempts to introduce a sulfur functionality to the C3 position of 64 were
unsuccessful. In desperation, we attempted to form a kinetically and thermodynamically favored five-
membered sulfide as summarized in Scheme 14. Addition of MeLi at 78 °C to the dioxolanone 64
followed by acidification with acetic acid at the same temperature furnished the relatively stable lactol 70.
Dehydration of lactol 70 was effected by treatment with SOCI, to give the enol ether 71, which was
brominated with NBS in aqueous acetonitrile to afford bromohydrin 72. Upon treatment with LisS, a
diastereomeric mixture of the spiro lactam 74 was obtained presumably via thiolate 73.

Scheme 14

1) Meli, -78 °C NBS

_— _— =

2) AcOH CH3CN
H,0O

28%
58%
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While introduction of a sulfur atom at the C3 position proved successful, we anticipated
enormous difficulties in transforming the o-thioketone 75 to the dithiolanone 76. It should be
emphasized once again that the requisite transformation must be carried out under mild conditions to
keep the delicate functionalities intact.

s \ 2 S \
——
™ OH :
7 &7 on
75 76

After conducting a number of exploratory experiments, we found a viable procedure which
appeared applicable to the total synthesis of leinamycin (Scheme 15). Treatment of the readily available
a-bromoketone 77 with HyS and Et3N yielded a 4:1 diastereomeric mixture of the cyclic sulfides 78.
Stereochemistry of the major isomer was determined as formulated in 78 on the basis of NOE studies.
The ketone 78 was converted to oxime 79 by treatment with isoamy! nitrite and NaOMe in methanol. In
order to set up the ensuing Beckmann fragmentation, activation of the oxime 79 was performed by
esterification with sterically hindered 2,6-dimethylbenzoyl chloride and pyridine. The oxime ester 80
was treated with a large excess of EtSNa to give the desired thiol ester 82 via thiocyanate 81. Thiol
ester 82 was then treated with NaSH and subsequent oxidation of the resultant thiocarboxylic acid 83
with iodine gave the desired dithiolanone 84 in 24% overall yield from the bromide 77 (ref. 22).

Scheme 15
Me
OH OCOAr
Br CONHR —_ , _ | B
1 S_ & CONH'RAmONO Na S CONHR 000 NS CONHR
H,S : ?M i~
© Me  EN : OHS NaOMe 2 oh:f _Me _ oMe
t = g z H
Me OH 3 0" Me 0 e oy o
77 R = c-hex 78 79 -
NCS e,é_ CONHR HS ee‘_ CONHR HS e‘e_’ CONHR S/S e‘.\_ CONHR
EtSNa A NaSH |
— Etsa ( Me ,EtS; Z:'Me HS Mo , -
4 = OH = 0H = OH
O  Me 0" Me 0" Me 0 e
81 82 83 84

5. Completion of the Total Synthesis

Having established a reliable protocol for construction of the dithiolanone moiety, we now
directed our attention to the total synthesis of leinamycin itself (Scheme 16). Since treatment of 63 with
MeLi at =78 °C caused extensive decomposition, a much milder, two-step procedure was employed to

Scheme 16
Me’ H S Me H S
o) 1) p-ToISO,CH,Li 1) MegSiCl, DBU
o 2) AltHg) ° _ 2)NBS
0\5H N 89% i 3) HsO"
tBu Me OMOM OMPM Me OMOM OMPM 77%
63 85
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convert the dioxolanone 63 to methyl ketone 85. Conversion of ketone 85 to a-bromoketone 86 was
effected by bromination of the corresponding silyl enol ether with NBS. Much to our surprise, upon
treatment of 86 with H)S, the critical spiro sulfide formation proceeded stereoselectively to give the
desired isomer 87 in 80% yield along with its C3 epimer (8%). Attempted nitrosation of the ketone 87,
however, was unsuccessful due to the irreversible formation of the bicyclo[3.2.1] system 88 under the
basic conditions. In the hope of increasing the conformational rigidity, the p-methoxybenzyl ether 87
was directly converted to the conjugated dienone 89 by oxidation with DDQ (ref. 23) (Scheme 17).
Gratifyingly, the ketone 89 underwent smooth nitrosation to give the desired oxime 90. Prior to the
crucial Beckmann fragmentation reaction, deactivation of the reactive dienone in 90 was necessary to
prevent the undesired Michael addition of the thiolate anion. To this end, the dienone 90 was protected
as its less electrophilic methoxime 91 (2:1 mixture) by treatment with methoxylamine. Subsequent
activation of the oxime as a 2,6-dimethylbenzoate followed by addition of a large excess of EtSK
furnished the desired thiol ester 92, which was further converted to the dithiolanone 93 via an easy two-

Scheme 17
DDQ H,NOMe.
87
H 20‘0 H zcl -l
94%
95%

1) ArCOCI
Py 1) NaSH
2) ESK 2) 1,
o 52% < 82% N
Me OMOM NOMe Me OMOM NOMe Me OMOM NOMe
91 93
Me H s
1) 35% HCHO
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2) HCI, AcOH ?
O Me OH N\~
39% =
Me HOH O
97 1

Leinamycin
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step sequence ((1) NaSH; (2) I). Deprotection of the methoxime 93 was performed in 64% yield by an
acid-catalyzed oxime transfer to formaldehyde. The remaining methoxymethyl ether was deprotected in
61% yield under carefully controlled acidic conditions to give (S)-deoxyleinamycin 97. Surprisingly,
oxidation of the dithiolanone 97 with MCPBA proceeded stereoselectively to give (+)-leinamycin (1) as
the only isolable product in 84% yield. The synthetic leinamycin was identical in all respects (TLC,

HPLC, TH NMR, IR, MS) to natural leinamycin.
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@) 1) BnBr, 0 °C to rt, 99%. 2) NaBH,, EYOH, 0 °C, 64%. b) i) CbzCl, PhH, 80 °C. ii) Brs, CHsClo, 1t, 88%. ¢) DABCO. M o
d) 100 °C. e) i) KOM, EOH, Hy0, 80 °C. i) I, NaHCOy, 11,0, t. 875%. 4 stops, ) o2 CHaCle ° - MeCN, 80°C.

Scheme 3

AcO
—~__OH | CI:bz Aeo | | CI:bZ
NH, N 4 N / . y

H

CO,Me H o CoMe H o CoMe
16 24 25
N P
§ | a) i) 20, WSCD, EtgN, CH,Cly, 1t. ii) Ac,0, pyridine, 74%. b) i) Zn, ACOH. CHaClo. 1t. ii
—_ N Yy Et,0, nt, 83%: 2 steps. c) Lawesson's reagent, toluene, 11]0 Lc. 86%. d') AléN.zhgi’gf lg%;lﬁ
N n-PrOH, 90 °C, 40-50%. €) i) K,COj, MeOH. ii) MsCI, EtgN, CH,Cl,, rt, 82% 2 steps. f)
CO,Me EtsSiH, Pd(OAC);, EtgN, EtOH, EtOAC, 1, 96% '
(x)-catharanthine (19)

Scheme 4
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vinblastine ® & & X, K16 /{ELN 5
vindoline(27) & catharanthine(19), F7:iXZh
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a) DEAD, PPhg/benzene (80%). b) TFA, Me,S/CH,Cl,, c) pyrrolidine/MeOH-MeCN (5:1) (80%, 2 steps). d) PPhs, CCly/MeCN (85%). e)
KOH/MeOH. f) +-BuOK, Mel/THF (77%, 2 steps). g) (PhSeQ),0, PhH (88%). h) mCPBA MeOH/CH,Cl,, sat. NaHCO4; NaBH4CN, pH 3;

HCHO, NaBHCN (64% 3 steps). i) Ac,O, NaOAc (91%).

Scheme b
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Highly Versatzle Synthesis of Nztrogen -Containing Compounds by
Means of Nitrobenzenesulfonamides

Toshiyuki Kan and Tohru Fukuyama®

Summarized in this article are the syntheses of nitrogen-containing compounds by means of
nitrobenzenesulfonamides (Ns-amides), which serve both as protecting and activating groups.
Ns-Amides, readily prepared from primary amines, were converted to the N, N-disubstituted sul-
fonamides by conventional alkylation or Mitsunobu conditions. The Ns group was readily
removed with soft nucleophiles via Meisenheimer complexes to give the corresponding secondary
amines. The major advantage of this method is that both alkylation and deprotection proceed
under mild conditions. Furthermore, Ns-amides allow efficient synthesis of a variety of diamines
and protected primary amines. When treated with NsCl, symmetrical diamines gave mono-nosy-
lated diamines selectively. Using these diamines as starting material, natural polyamine toxins

were synthesized in short steps and in high yields.

In the case of HO-416 b and Agel-489, Ns

group was removed while the substrates were on a solid support, thus allowing an efficient isola-
tion of these highly polar compounds. Lipogrammistin-A was synthesized using Ns-assisted

macrocyclization as a key step.

Key words: nitrobenzenesulfonamides, alkylation, Mitsunobu conditions, Meisenheimer com-
plexes, diamines, HO-416 b, Agel 489, macrocyclization, lipogrammistin-A
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Scheme 1 Conversion of primary amines to the

corresponding secondary amines.
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Table 1 Alkylation and deprotection of nitrobenzenesulfonamides 1243, b.
. R'X 0 . Yiel . Yield
Sulfonamides® H'OHr Alkylation® 13a, b (Ioi)d 15 Deprotection®! (Iﬁi)
PMB-NHNs _PMB .PMB
12a Ph gy A PR 98 PN W 94
Ns H MA 93
12a ~"gr B \/\N.F’MB 08 \/\N,PMB ™ o4
Ns H
Ph Ph _PMB Ph -~ -PMB
12a ~"oH c N 91 N P 88
Ns
Me Me
Et ck,ms )
12a Me\rcog C  EO.C N 87 EtOgC)\N PMB TP 93
OH Ns H
PMB-NHpNs .PM
oy T Ph" gy A PhAl:rpMB 98 ph N TMB a 94
pNs H MA 93
Ph Ph .PMB
12b ~NoH ¢ ph‘/“‘rlq'PMB 91 ~"N ™ 88
pNs H

a) PMB = p-Methoxybenzyl. b) Alkylation conditions, A: R'X (1.1 eq), K2CO3 (2 eq), DMF, rt, 1h. B: R'X (1.1 eq), KzCOj3 (2 eq),
DMF, 60 "C, 30 min. C: ROH (1.3 eq), DEAD (1.3 eq), PPh3 (1.3 eq), benzene, rt, 1 h. c) Deprotection conditions, TP: PhSH
(1.2 eq), K2CO3 (3 eq), DMF, rt, 40 min. MA: HSCH,COH (2 eq), LIOH (4 eq), DMF, rt, 1 h.

AR a2k



WME LM 2-= oy EyANLFZ s R
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HN N
SO,CI 50, px  R7 SO
X X or
RNH; + e —
R-OH
Y Y
10 1 12 13

a;X=NOz Y=H (Ns)
b;X=H,Y=NO, (pNs)
¢; X =NOj, Y = NO, (DNs)

DS E D, Q) DF&EFREETSI a7 x
=)V F A EERE 16a(Nu = SCH,CO.H) #% Et,0 & fiafi i
EREDGFHIRETIRIT B2F R DD, ZDEHICNs
%> pNs 1, FHIZ &R THRAR#ENTTEE TH 5 25,
i EEMESEE (HCL(10 eq), MeOH, 60 C, 4 hr) %¥g 3k
1% 45fF (NaOH (10 eq), MeOH, 60 C, 4 hr) IZ b4 ET
HHT, WAOERGICHZ D 5 1#dHHVIE2#H
TIYORERETLD 5,
1.2 2, 4-YZhAXNCEL ZIF T I F(DNs) VY
2,4-V = buRy¥yANF= IV (DNs) D, Nsit
R pNs B LMD IEHEEF LTV A (¥ —L42), 1
M7 I I0L24- Vo buRyYELYANFZ LSO
1) F(DNsCl)11c¢ 1%, ¥ ¥ ¥ %2, 6-lutidine O &t
T, FIEAS#EFTL DNs 7 2 F12c #5245, 12¢c1d7
WELALERIE (12¢ — 13¢) & Biffd#E (13¢c — 15) 34T
L, 2#73Ir%525, &212, ANVEr7 I F12c

R
N
R~ N80, Nu
X Nu- Nu X -S0, ﬁi X
Y [
Y Y
14 15 16

Scheme 2 Conversion of primary amines to the corresponding secondary amines via nitrobenzenesulfonamides.

Table 2 Alkylation and deprotection of 2,4-dinitrobenzenesulfonamides 12¢.

NHDNs
12¢c
MeO

@:NHDNS
Me

COQME
mnl\ls

. Alkylation?) Deprotection® Alkylation® Deprotection® Alkylation®  Deprotection®
e Yield Yield (%) Yield Yield (%) Yield Yield (%)
o,
(%) PA  MA (%) PA  MA (%) PA  MA
A A A
Ph" By 87 91 91 97 90 92 95 90 98
Br A A A
A 97 91 94 97 92 98 99 88 97
| B B B
S~~~ 89 91 o7 96 89 95 87 94 98
Ph c c c
~"0H 99 91 97 99 90 96 94 89 97
Me COQE‘
Y c c c
OH 9% 2 94 97 93 98 97 93 o1

a) Alkylation conditions, A: R'X (1.5 eq), KaCOj3 (5 eq), DMF, rt, 20 min. B: R'X (1.5 eq), K2COj3 (5 eq), DMF, rt, 2h. C: R'OH (2 eq),
DEAD (2 eq), PPh; (2 eq), benzene, rt, 20 min. b) Deprotection conditions, PA: n-PrNH; (20 eq), CHzCls, rt, 10 min. MA: HSCH;CO.H

(1.3 eq), LIOH (2 eq), CHzClz, t, 5 min.
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(R = p~methoxybenzylamine, o-toluidine, L-phenylala-
nine methyl ester) (2444, 7 b F AL & FAGE % R
L7z WTFRORILS FIEHIZETL 2T I v A6 h
Bo INHDENT, 72T I kL LR
F L DRICE, IO YT AL A< — 55
SNMhdrolz, ZOZENS, REIGIETZ v I{LOME
MWW LRIz,

DNs &3 TRIFM NS 5 &, 5T A SO, K
Bl2E B 2,4-V 2 b7 227 3 4L RIS
PR B, FD720, n-BuBr ® £ 9 & GOV 7
WFENNTG A FEDRIDTIRNEI KL BDREFDH
Lo L LFE2IZ/RLA, PA(-PrNH,) % MA
(HSCH,CO.H, Et3N) @ X9 7%, Ns kX 2% 510
TR RE LR A L TWwa, £D728, DNs 2k
13 Ns JEAFAE TR IZER R RETH 5, Z DIFEEF
HL, 2207 3 /7E%2KRL, oStk s
AWRERTT IV EREITo 72 (R ¥ —143),

Bn.
HoN OH 2+ HN oH 2. °" rlq"tj’\OH
n Ns n Ns n

18a (98% from NsCl) 19a (99%)
18b (99% from NsClI) 19b (99%)

Bn. -PMB 4 Bn., .PMB
e TN s TN
Ns n DNs Ns n H

20a (99% from 12c) 21a (98%)
20b (95% from 12c) 21b (99%)

f

~ Pl . PMB
e Bn ’." |'|\| MB Bn l:.l l}l
Ns n Et H n Et

22a (94%) 23a (98%)
22b (93%) 23b (97%)

Reagents: (a) NsCl (0.8 eq), Pyr (0.9 eq), CHzCl3, 0 °C, 10 min. (b)
BnBr (1.1 eq), K2COs (5 eq), DMF, tt, 1 h. (¢) 12¢ (R = PMB) (0.85
eq), DEAD (2.5 eq), PPhs (2.5 eq), benzene, rt, 1 h. (d)
HSCH,CO,H (1.1 eq), EtzN (3.3 eq), CH,Cl, rt. 1h. (€) CHsCHO (5
eq), NaBH4CN (2 eq), TFA (1 eq), MeOH, rt, 30 min. (f) PhSH (1.2
eq), CszC0O;3 (3.0 eq), CH3CN, 80 °C, 1 h.

Scheme 3 Preparation of diamines.
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Lo 2T IETNENMERT Y IMEDNTHETH S
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TI EELFEL HEVMSATOER G, RiTICHE
D, Weinreb 5@ TsNHBoc 243 2 GIERIEY %, 4
H 5 @ TsNHy (209 5 S BB EERUE W A5t ShoTw
Bo AL, Ns ROFHEFIHT LI LT, SHIIH
HALBFERBHERETEDL L HE LT,

7 v E=7 (NH3) & 11a(NsCl) 555 125 e %
24 (NsNHp) 1X, EtN & filtiif it > DMAP {46 T # Loy
A— MEAHEFT L, Boc {425, Alloc 426, Cbz {4 27
A E LTHRONE(RE¥—L4), IN5EDT I FE

H
NsCl —=»= NsNH, b e MBoc
11a 24 (97%) 25 (95%)
H
¢ N
— Ns~ “Alloc
26 (95%)
H
d N
>  Ns” “Cbz
27 (97%)

Reagents: (a) NH3 (excess), Et,0, rt, 30 min. (b) Boc,0O (1.2
eq), E3N (1.5 eq), DMAP (0.1 eq), CH,Cly, rt, 30 min. (c)
AllocCl (1.2 eq), EtsN (1.5 eq), DMAP (0.1 eq), CH,Cls, 1, 30
min. (d) CbzCl (1.2 eq), Et3N (1.5 eq), DMAP (0.1 eq),
CH,Cly, rt, 30 min.

Scheme 4 Preparation of N-carboalkoxy-Ns-amides
25, 26 and 27.
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Table 3 Alkylation and selective deprotection of N-Boc
nitrobenzenesulfonamide 25.

H Alkylation Al —— RNHBoc
N, N 29a-d
Ns Boc R'X Ns Boc R
ar )
25 R'OH 28a-d TFA Ns’N‘H
30a-d
R'X or 28 Deprotection®
)
R'OH Alkylation Yield (%) 21 » {:0)
c D
B
Ph" By A PPN O ,ea  20a  30a
Ns 95 92 100
nCsHisBr A nCiHiss -Boc 28b 20b  30b
rlsls 91 94 100
Ph Ph B
~~oH B ~SNBoe el e 30c
Ns 97 91 100

Me._COLE )
N s ElOzC)\N BOC Jgd 200 304
OH Ns 91 94 100

a) Alkylation conditions, A: R1X (1.5 eq), K2COj3 (5 eq), DMF, 80
°C, 4h. B: RyOH (2 eq), DEAD (2 eqg), PPhs (2 eq), benzene, rt,
1h. b) Deprotection conditions, C: HSCH,COzH (1.3 eq), K2CO3
(2 eq), DMF, rt, 1 h. D: neat TFA (20 eq), rt, 5 min.

TFAWIDBRETDE 1T I A~EERTEE, 3
72, 28a—d ® Boc xrFdHLANK T IR
Va—-dHELNDE, T 61, Ns-strategy 12T 2
T I UANOERPEETH S,

FTAITRLAz L 912, Alloc 26, Cbz 27 & 25 &
FORKICEEZR L TWvb, WANKYT I FLELTIL
FIVALRE & EIEREASEST L 31, 32 4851 %, Ns
HoBEINMI ML (PhSH, K.CO;, DMF, rt) @4
THHET, Alloc-1£ 33 %° Cbz-1k 34 5.2 %, Ns JAF
M TFIZB VT Alloc 5% Chz DB S IFET, AL
Fry73IF30b dAfE6NE, ZDEE, Chz DRI
VIR A WA & Ns o= Fodkdgrsh b
O, WA AEGE(BCl;, CHCL) DL TH %,

b= bruxRyEy ALK T I FREZERIE Ns
ROB T DNs b Gl RETH B, 72, FLEET
FNATH T BHIESDEHEITL, RESNT 7 =5
WD T LTI L ulHoNb, DD, N
RGO EHICSHERTH S,

3. REM(KVFIV)DAERK

BEFTIS, ARVIVRANRLIV DL BHEY
TIVHEATARKYY, BEHBESATHEY,
IhHD%E I, RMOARFEREEZALEZSES L, Rkh
S L s kv, 2wz, BIEZTIIEH
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Table 4 Alkylation and deprotection of N-Alloc- and
N-Chbz-nitrobenzenesulfonamides 26 and 27.

Deprotection R
"R
Alkylation R
H R'OH 0! 33b,d: R = Alloc
N R — N MR 34b,d: R = Cbz

or
26:R=Alloc RX 3ibd:R=Alloc________, M

27: R=Cbz 32bd:R=Cbz DorE Ns’N‘H
30b,d
Deprotection®

Alkylation? Yia‘:l c'f::) 33,34 30

° Yield (%)

c D

CiHis Al
26 A TSy g 33 30b
NS 97 95 91
Me

c D

26 B ETOEC)\N'AHOC 31d 33d  30d
N 93 93 92

Hisw, .Cb c E

27 o MOMECYZ o s 30b
Na 79 95 87

Me

c E

27 B Etozc)‘N’Ct’Z 32d 3dd  30d
NS 91 88 93

a) Alkylation conditions , A: n-heptyl bromide (1.5 eq), K2CO3 (5
eq), DMF, 80 °C, 4h. A’: n-heptyl bromide (1.5 eq), K2CO3 (5 eq),
n-Buyl (0.2 eq), DMF, 80 °C, 4h. B: Ethyl (8)-(-)-lactate (2 eq),
DEAD (2 eq), PPhs (2 eq), benzene, rt, 1h. b) Deprotection
conditions, C: PhSH (1.3 eq), KzCO; (2 eq), DMF, rt, 1 h. D:
Pd(PPhs)4 (0.05 eq), PPhs (0.2 eq), pyrrolidine (5 eq), CHxCl,
1rt, 1h. E: BCl3 (2 eq), CH2Cly, -78 °C, 1h.

DERMEIITONTWAED, 28T I > OHEIZHL
TR DWW HDIEH F N &y, Ns-strategy (27 WV
FUAL L RIFED SR TH D20, £ OERELE

EHTLRIMOGRIZHMTH S, 72, HALT L
FUALHKI L FIEHESHTH L7120, SRELLEMAI G
WHeTd A, 4 ld Ns-strategy # HAuE, fEkikic
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RN T7IVOBMICETF L

3.0 U7 IUOERKEES T

CHEET AR T I VHEN-TAF VRIS E VT
BT AEE, VT3 02007 3 kXKLL
EMIAEHEERETERL, L L, —fIZHIRYT
;/@%/ﬁ»nx~ﬁﬂﬁﬂmﬁﬁw7xk,ﬁ%b
FMTH2Y, &kaeld, D7 I0—f[OBEOAIC
Ns fLASERIIETT 52 EF WAL, A% —4A
SI/RL7kH1, 34FEOYT I/ Funriz, Kk
T, NsClzw- < hmzTw &, £/ ANF=t
FISHSEIRE 2T 5, VAT IAEDTET L 2w
DIF, KL=V 7 3 35 p3EEE £ LTI L, K
RO AIHEEL TV, £/ AT NLER
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a_ H.N NH 35:n =1 (83% from NsCI)
2“%“"” 2 n | 36:n=2(77% from NsCI)
Ns 37:n =3 (87% from NsCl)

Reagents: (a) NsCl, EtOH, -20 °C, 30 min; NaOEt.

Scheme 5 Selective protection of diamines.

727 3 35 OHEE, HEEHE * NaOEt THfI#,
NaCl & A3, HE#EEA 5, BEORKSY T 2y %
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WEEELCENE, AFTIFNLZVE) T I DA
FLUHEEAEIIEA TGOS TETH L, F
SCEY, VIR LA 2T I v oG24
% HO-416b(38) & Agel 489(39) # b &y & L,
TOEBMIFRIZAET L7,

H
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. H H H

H HO-416b (38)

H OH H H

N\/“\/NWNWNNN’\/‘NHz
N | 0 H

H
Agel-489 (39)

Fig. 1 Structures of spider toxins.

3.2.1 HO-416b(38) DA "

HO-416b(38) X, ¢ & #E Holoena curta D
CHEEESNR) T IV b0 THEY, GHIIES
DT Z TR MG, BT 50 % k%
Mwiz, EBEOEGHRE XX —LOB6IZRT, EDT T T A
YEPME, A F—VEREEA0 VT 3 36 HIRG
AR L VEESEAE L EOT7 T 5 A0
&, 35 % BocfbL7z¥ 7342 %5k E L, 42 &
BEHED 1,3-YV 7O Tu8y 2 S RIE K43 &

784

H H
40 M
HNTNH S, AN
! & (97%) BF N ‘
Ns Ns Boc
35:R=H b 43
42: R = Boc (99%)

d
e T x’\/“rg’\/\rlq’\/\r}m
Ns (86%) Ns Ns Boc

18a 44: X = OH
45 X 1 ef
(98%)

B°/ n

H (96%)
Reagents: (a) PivCl (1.1 eq), EtsN (1.1 eq), CH2Cly, 0 °C, 3 min;
36 (1.3 eq), EtzN (1.1 eq), DMAP (0.1 eq), rt, 10 min. (b) Boc,O
(1.2 eq), EtsN (1.2 eq), CHzClg, rt, 1h. (c) 1,3-dibromopropane (5
eq), K2COj3 (3 eq), DMF, 60 °C, 1 h. (d) 43 (1.4 eq), Cs2CO5 (3
eq), n-BugNI (0.2 eq), CH4CN, 60 °C, 1.5 h. (e) MsCl (1.2 eg),
Et3N (1.2 eq), CHoCly, 1t, 10 min. (f) Nal (3 eq), 2-butanone, 60
°C, 1 h. (g) 45 (1.5 eq), Cs,CO;3 (3 eq), CH4CN, 60 °C, 1 h. (h)
SOCI; (excess), MeOH.

Scheme 6 Total synthesis of HO-416b.
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V2 7k46 21556 2 £ TE, &612 Boc DR
MEEATV, 1T I v 47 ~ i,

22T, 47 D Ns ORifRF#IZL Y, HO-416b(38)
PHEONLH, Ns OFMREIZIIMEL VDD, 38
DHEEAFRIZZ R WEELE - 72 1, KEHED R

T I OB, W HPLC % 4 4 > 25t 8
Mwbhd, ZHizat L, Ns ko it + FA E Ty
AN, BREORESCREIET L = oy ¥ sk gk
HLTHREL, WEREFLELZWEEZ I, 9, 1
M7 3 ¥ 47 DR LB Elis 2-7 00 ) FLL
VAT LA RBAR RO W b DT
Bdrotz, AIFEEmMESEL 0, AFX—-LTIZRLE
RIGHEABR) v =i L P> 49 #i%3F L7, 49
3%l 7 Merrifield resin % p-& Fa¥> M) FIL7 )b
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o = oo O

Merrifield resin

Reagents: (a) p-hydroxytrityl alcohol (5 eq), K2COj3, (10 eq)
DMF, 60 °C, 24 h. (b) SOCI; (12 eqg), CHzCly, 1t, 1 h.

Scheme 7 Synthesis of trityl-type resin.

=L T LEF LR, FPUFALTLI—LE SO
VFIZERT LI LT, ARTETHL, 2D 491,
FOGED b ) F A F4 » &N T D L— T VEEFRFE
EELTWwAEZEhed, BORICHEERF LTS, &
512, ZOL ¥ A3y Lk, (SOClL, CH.CL)D5
R4 2 & TS HRIMTRETH %,
AX—LBIZRLA-EH2, MHERTCHF L 72 EH
49 |2 i-ProNEt % fv» 47 Z40FF L 72, [EA4H LT Ns %

H

N\/\\/\NMNMNMNHg
) |
N I Ns Ns Ns

H 47

1 a b, c
H (68%, 3 steps)

N‘/\/\NMNMNMNHz
| H - H
N

H
HO-416b (38)

Reagents: (a) resin 49 (4 eq), i-PraNEt (14 eq), CHoCly, rt, 24 h;
MeOH (excess), rt, 12 h. (b) 2-mercaptoethanol (30 eq), DBU (30
eq), DMF, rt, 24 h. (c) TFA (5 eq), CHzCl, rt, 5 min.

Scheme 8 Total synthesis of HO-416 b.
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3.22 Agel 489(39) D&RL'

Agel 489(39) I+ Agelnopsis aperta & ) { H OHhE
MHHEEEN 2O FOd L7 I v 2T 5K
TIVEFLUTHEY, e FOXILT I I RUEE
KEARLETHLI D, FROBETY T/ ZFLT
IVORLIZ X VEAT B LIz LT,

¥, EOE7 A b561E, AF—L9IIRLT
V— MITER LY. 4 F—IVEEEEA0 L 2T 32 35
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Ns

H ]
a N _~_-NH

0 e 5 Br~"0TBS

N

H 50 51

H R
b N~ N~_-0TBS
an T ¥
(80%) N 0
R

52: R1 = H‘ H2= Ns :::: I c (anfo)

53: Ry =Boc, Rz=Ns — 97%
54: Ry=Boc, Ra=H d ( )

CN

H

e N~ N ~_-OR
| o]
(93%) N

|

Boc
55: R = TBS o
56: R - H w1 f(98%)

Reagents: (a) PivCl (1.1 eq), EtgN (1.1 eq), CHClz, 0 °C, 3
min; 35 (1.3 eq), EtsN (1.1 eqg), DMAP (0.1 eq), rt, 10 min. (b)
51 (1.1 eq), K2COj3 (3 eq), n-BugNI (0.5 eq), CH3CN, 60 °C, 1.5
h. (c) BoczO (1.1 eq), EtzN (1.1 eq), DMAP (0.1 eq), CHxCly, rt,
1 h. (d) PhSH (2 eq), Cs2CO;3 (5 eq), CH3CN, rt, 10 h. (e)
acrylonitrile (8.5 eq), EtOH, 60 °C, 24 h. (f) HF-NH3 (5 eq),
CH3CN, 80 °C, 10 h.

Scheme 9 Total synthesis of Agel-489.

EHRA L7050 RIEEE Lz, ShERFEERSI 27 0F
Met, 1 F=LORFEEFET#% Boc L THEL 53 &
Lz MBEOHPFET N FeA BIiREL, 27 I 54 %
Trya= MY pifEmEe, 27/ FNT I 55
E L7z, efklc, TBSHAREL TV IV B6 & HH
L7z

ANRNIZ0 B AF—LI10IRLAESIZ, V73
3B EGHT LI ETHEMIIANTEL, V73~
Rr14-TTUETE L EOTLFMEEITV ST 215G
72 Alloc 22 THFL 72V T I 58 # REEKSTTT I

_a BrWNMNH
| |

(81%) Ns Boc
57
5 —P o HN"NH _c .
(89%) Ns  Aloc (97%)
58
X
HN\/\/NW\I;JMI*IIH
Ns Boc

22 X ohee 1 0.0 %
Reagents: (a) dibromobutane (5 eq), KzCO5 (10 eq),
DMF, 60 °C, 30 min. (b) AllocCl (1.2 eq), EtzN (1.2
eq), CHaCly, rt, 30 min. (c) 57 (1.2 eq), Cs2C03 (3
eq), n-BuyNI (0.1 eq), CH3CN, 60 °C, 1 h. (d)
Pd(PPhs), (0.05 eq), PPhg (0.2 eq), pyrrolidine (3
eq), CHzClz, rt, 1.5 h. (e) NsCl (1.2 eq), EtzN (1.2
eq), CHaClz, rt, 30 min.

Scheme 10 Total synthesis of Agel-489.
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CN

H CN
Ns _(' ’B/
b o]

H
a N N N . + .
6 | N ~oNo~ N~ \/‘\/“N/‘\/\,:JH (QT‘?’)- MN\JE
90% 2
(90%) N o] 61 Ns Boc A
Boc
I'?is
Agel-489 (39)

N\/‘VN\/‘\/N\/\./N\/\./\NA\/\N def
_...E U IT \
62: X = Boc

———————
Ns X (68%, 3 steps)

63 X—H —<—1 ¢ (95%)

Reagents: (a) 60 (1.2 eq), PPh; (1.5 eq), DEAD (1.5 eq), benzene : CHzCly (4 : 1), 1t, 30 min. (b) m-CPBA (1.0 eq),
CH,Cly, -10 °C, 1 h; DMS (excess), rt, 1 h. (c) SOCI; (excess), MeOH (d) resin 49 (6 eq), -ProNEt (12 eq), CHxCly, 1, 24
h; MeOH (excess), rt, 12 h. (e) 2-mercaptoethanol (30 eq), DBU (30 eq), DMF, rt, 24 h. (f) TFA (14 eq), CHCly, rt, 5 min.

Scheme 11 Total synthesis of Agel-489,
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mmwuiuaw IR 31% 12 CTaEEER L7,

|2, #r7zl2BE%8 L7z [E 4 49 1T Ns D FifRGE %
ﬁﬁ:tf,%ﬁﬁ&fu7zy%ﬁ%u$%féto
33 BRAVTZICDERK

BURORY 7 I yEEHTAREKMS, ko
TuATAL R, 65 LA A AR E R E
ERTwa?, it bBEE TILE (OFHIFRED %
ShTwaY, LaL, 287 I A% L2 KEBE
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NOOMBEMLTE D L2, IR T IV ElA~
DM AR AT, 9, B2 L7 Lipogrammistin-
A(B4) Z 5O HEEE L7z,
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Lipogrammistin-A (64)

Fig. 2 Structure of Lipogrammistin-A.

M
e\(\COQAHyI Me\(\cogmm

NHNs 2, NNs 2
65 X
TS
HO N « NsN\/\j
Ns
66: X = Br 68: X = Br
67: X = OTBS 69: X = OTBS
H H
N
NNs 0 {?9,,},) NNs o
LV NHNs g
\/\j (69%) NsN
70:X=Br  (51% from 65) 73

71: X = OTBS
[ 72: X =0H  (30% from 65)

Reagents: (a) 66 or 67 (1.0 eq), DEAD (1.1 eq), PPhg (1.1 eq),
benzene, rt, 10 min. (b) Pd(PPhs), (0.05 eq), pyrrolldlne (1.2

" eq), CHoCly, rt, 30 min. (c) 35 (1.2 eq), WSCD-HCI (1.2 eq),
CH,Clp, 11, 30 min. (d) CsCO; (3.0 eq), n-BusNI (2.0 eq),
CH5CN, 80 °C, 2 h. (e) aq. HF (excess), CH;CN, rt, 2 min. (f
DEAD (1.2 eq), PPhg (1.2 eq), benzene : CHyClp (2: 1), 11, 10
min.

Scheme 12 Construction of 18-membered ring.
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3.3.2 Lipogrammistin-A D &&5L""
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D% I8 HBAMET LI LI, AR ERX—
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74 % WREEE L7, 74 2 KRS D 55T, Bocy0
FAE THMGR T 247\, 1 BERY T Cbz 26 % Boc 25~ &

b ¢
HOZC/Y\COQME _ab_Eis COoMe —>
NHCbz (70%, 2 steps) O  NHBoc

74 75

CaHi N—=""_y""co.Me
NHR

77: R = Boc
78 R-Ns =— &
(56%, 2 steps)

d
H 002 Me

O  NHBoc  (74%, 2 steps)
76 (ZE=6:1)

H
CgHy 7\=/\|/\002H CsHI?t/\I/YN

NNs ' NNs O

g I
Br Br. NMNs
H
MNsMN NsMN
79:R=Me 82
B0:R = ainI: ? (88%, 4 steps)
81:R=H :]
H
CanE/\./'Y N
_k., NNs O j\ Lipogrammistin-A
(86%) 64

I, m
NNs
~~"CO.H
MNsMN 84
83

(60%, 2 steps)

Reagents; (a) Hz (1 atm), Pd/C (0.1 eq), Boc:O (1.3 eq), MeOH, rt, 1 h;
Et3N (1.0 eq), rt, 30 min. (b) DCC (1.1 eqg), EtSH (2.0 eqg), DMAP (0.1
eq), CH3CN, rt, 1h. (c) EtzSiH (2.2 eq), Pd/C (0.1 eq), acetone, rt, 30
min. (d) CgH;7CH=PPh; (2.2 eq), THF, -78 °C to rt, 30 min. () SOCl»
(excess), MeOH, rt, 30 min. (f) NsClI (1.0 eq), EtsM (2.0 eq), CHzClz, 0
°C, 10 min. (g) 66 (1.5 eq), DEAD (2.0 eq), PPh3 (2.0 eq), benzene, rt,
10 min. (h) Ti{Oi-Pr)4 (1.5 eq), allyl alcohal, 95 °C, 15 h. (i) Pd(PPha)s
(0.05 eq), pyrrolidine (1.2 eq), CHzCls, rt, 30 min. (j) PivCl (1.2 eq), EtsN
(1.1 eq), CHzClz, rt, 30 min; 35 (1.2 eq), EtzN (1.1 eq), rt, 30 min. (k)
Cs,C03 (3.0 eq), n-BugNI (2.0 eq), CH3CN, 60 °C, 1 h. (I) HS(CH).OH
(5.0 eq), DBU (5.0 eq), CH3CN, rt, 2 h. (m) 84 (3.0 eq), BOPCI (4.0 eq),
EtsN (5.0 eq), CHxCl, 1t, 15 h.

Scheme 13 Total synthesis of Lipogrammistin-A.
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Total Synthesis of Nitrogen-Containing Natural Products and
Development of Synthetic Methodology
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Tohru Fukuyama*
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During the course of total synthesis of natural products, synthetic chemists would frequently
encounter serious problems that require either development of new synthetic methodologies or
novel designs in synthetic routes. In this context, the total synthesis of antibiotic 593 A could be
completed because of p-methoxymethoxyphenylamine, a novel and practical protecting group for
B-lactams. Reduction of thiolesters to aldehydes by means of triethylsilane and palladium on car-
bon could be discovered fortuitously during the total synthesis of porothramycin B. In order to
carry out a biomimetic total synthesis of vincadifformine using our first-generation indole synthe-
sis, we developed the chemistry of 2, 4-dinitrobenzenesulfonamides which could be deprotected
under extremely mild conditions. More stable 2-nitrobenzenesulfonamides now finds widespread
use for preparation of secondary amines from primary amines. Failure to introduce an sp® carbon
to the 2-position of indoles by means of the first-generation protocol forced us to develop another
one in which o-alkenylthioanilides undergo radical cyclization to give 2, 3-disubstituted indoles.
Combination of the second-generation indole synthesis and the chemistry of nitrobenzenesulfon-
amide culminated in the first de novo total synthesis of ( +)-vinblastine.

Key words: protection of f-lactam, reduction of thiolester, radical cyclization, indole synthesis,
2, 4-dinitrobenzenesulfonamide, 2-nitrobenzenesulfonamide, vincadifformine, vindo-
line, vinblastine
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b L 46 OREEATIE LITHE, ZoRuTi#RIEIEEIC
REHELR LD THLEEZLDONERTHLH, BEHM

Vol.61 No.6 2003

A DEEFE L TWRIEe Fa iy ufbEsd &
NN EIIER LA (A% —411), 4L, e Fady
MALASHELY L T 49 A3 3 4uE, il 2 ERL L C
TAT RO NBEEZNLTHAL, J:Uébzfﬁ}f;u
FBlZHoTnT IV h-eEMEE PV F LT %
HWTHIEZR>Tb b5, ElWHET v A
Ky FTHELNA, E2AD, FONMRFv— &R
L kFoiyfbdniz49 LTy Phodda 7
Fe FRS50 THAHZ LHHB L7,

F"‘YO pdiC
OAc EtzSiH

EtsSi
46 49 47
PU/C
Et;SiH AcO” S -CHO
CH,Cly NHCOPh
50

Scheme 11 Hydrosilylation of 467!

TR EHPEDRETEKEILTIDLE S &
MR ol EFEZTHI, FAL /= —F )
46 O EIZLEWDH B OIRFEET, NMR Ol &
MS #HMl5ET A2 LI2ED, 6B LTV LS
WEIEIFFZATNVKESI THL I L bho/(XF—
Li12), BEL N EEJHFHEI 0 FORIGTIEZR
HCI A52 & §° 123 hnfhk 51 A5 L, #ABEE Tk o
SNTR2wgERLizbnEbhs, iR LIZ52
TRy FA— VOB LS4 3 FIEHL Y b5
HPERELTFATZAFIVEIHERL, bbb A,
FAZATUDELEN Lo T, JeLTHEE
e FRY Y MEZIBRT S 2 L3 hdho7obldC, K
DAEE D AR A VLA R 2o 72blTTh b,

Ph._O
OAc  PhcoCI - OAc
Ets— N .--vl EtaN Ets LN | work-up
U CH,Cl, ‘J\/_?
M 51
Ph._-O o} Pd/C

_ -
s~ N\ z
\D NHCOPh CHCl,

52 53

A O/\\E/\\/CHO
NHCOPh
50

Scheme 12 Reduction of the thiolester!

VKR EEPOFEHICART LI ENTELFFTA
FVIE, COHRIBEHVD ERHEEETTTLTFE R
ICERTE, LEAATLVTE Ry by R
FELTWTHEFNZRET ZLERRWY, 22 TR

623



RO NH EtsSiH
H H Pd/C
MeO N.J.«COSEt ———
CHQC}Q MeQ
o 66%

54 COSEt

~Sa

56: (+)-Neothramycin A
Me ether

1) Et3SiH (1.5 eq)
H Pd/C (2.5 mol %) N OMe
acetone, rt
BocHMN,, | _COSEt (40 g scale) BocHN,, ke
- —
2) CSA, HC(OMe);
CO,Me WeDH CO:Me

95%

59: (+)-Cyanocycline A

Et,SiH
1% Pdic O, Me
———— i
acetone o, .0
COSEt <
tBa | Me tBa . Me oo
60 U6
DABCO
CH.Cl,
92% ZCHo
(2 steps)
EtsSiH
10% Pd/C
acetone
99%

o~-CO:Me

OMPM

<, =" “CHO
t+Bu Me OMOM

Me H OHO
64 65: (+)-Leinamycin

Scheme 13 Reduction of thiolesters with Et;SiH-Pd/C.

DR TITo o {2 DRIEH /4 LT, FOH
AL Rz (RF¥F—413), (+)-Cyanocycline A
B DEBHIZBVTIFA Y I LDAFr—LTTLY
I VEEREAR ST A @D Tk LR I 58 (2
P DL EHNTEL, ZORET, IM&&W%Q
MRS IZER ) B L AL 2T, Lemamycm
(65) DEFHIZ BT H Et3SiH-Pd/C #uc* EHE 4

7o T T2EMNTEY, I J%T’TT“C“#JJL,*
CHFEETHLF AT AT N ET VT FIZEMRTE

T EERLEY,

3. ¥R NI EREDRHRE(F—H#R)

1993 7 4 A RFETHELWEDTH % L T 728,
SHENRVECEFIIA VMY NEF LT 4 AL B
MICEE NS T VAR ED b0, Enwd#
AWNEPAIZOT, RHEERIZZAF—L14D L9 %K
FHIWT AR AV MY LOJEEAD A LT T H AT
IEOEE, 1968 4EIZH KD =Hy - gl e st it &
NTWYZ i3 MoTwi0T, Lidf I FALT
VIV 67 SRR I AR 2 5 HEEIZ LD 68 &

D, KFEETZH] EFv B FRibdid 2-4
t:xfﬁ%A ntixbouOWE&Téwﬁﬁ#
HDH LGNV, TO A % 2- BXU52,3-
A > F=VOnibifk L 2 ) ) L% WA%T%éo
ZOHIIR DRI - KB e SRS E 2 D FRE

624

DL HOT, FEIFMAVWI E 2 ERT A28 F
PRIt gdbsroTidhnh B,

@\/w Bu3SnH
TABN
H
snBus N s

)
(I I 7
B
SnBujy R'X, Pd(0) zll_l(\ﬂ
> |
Stille coupling N R

Scheme 14 Synthesis of indoles by means of radical
reactions.

ZTIT, BHIERW LR EER 73 2 T

FIANKIEE 728 A, TLC ETHlT 5%
EREN AT SN (A ¥ — L 15), NMR Ofiekr &
MBI VESIZA > F—VEEfEA F L 75 2 5
RBZENG, WFFLAMEY T4 ER L Twa Z &
HE Lz 74 GHEENBETH 7207 Ky pT7O
ENXE L Stlle vy T T RTG, EIEET 2-

LER S vy



T VIRT76 i3, —JF, 74 %I ETUET L

&0, s CHEERE S 2-3 YUk 77 5%
iz, FUALR 77 EEEG R MG, /XT DY Lfl
EHWEHA DA > F—LEWako gtk s %
LI EWbhhol, 8612, ZVNNEIGIZH S5
MbIAFLDLD % 7/ﬁ1v%'££h_fké-t¥%r'nt§~iﬁ
FIELELCTHA ¥ F= L EDSET 55 2 E8bh
D, WO A >~ F— Vet esr+s2 L
FTELY,

CO.Me CO,Me
| BusSnH
AIBN ]
——
CH3CN N” “SnBug
NC 100 °C, 30 min H
73 74
COzME
HaO* I
91% N
H
75
0,M
PhBr CO:Me
Pd(PPhs)s, EtsN
I
100 °C, 6 h
82% NP
76
COzMe COzMe
Newt —
. | I
5 PACly(PPha)s
91% N1 cull EtNH N” SN
H 89% H n-Bu
77 78

Scheme 15 First-generation indole synthesis.
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Scheme 17 Hendrickson’s protecting group.
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Scheme 20 Total synthesis of (+)-vincadifformine.
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1. Introduction

The conversions of carboxylic acids and their derivatives into
aldehydes and ketones are important synthetic transformations.
The development of mild and chemoselective reactions for
effecting these transformations has been thoroughly investigated.!
Because of the high reactivity of aldehydes under reducing
conditions, the development of reagents, which can selectively
reduce carboxylic acids or carboxylic acid derivatives to

Tohru Fukuyama® and Hidetoshi Tokuyama
Graduate School of Pharmaceutical Sciences
The University of Tokyo

7-3-1 Hongo, Bunkyo-ku

Tokyo 113-0033, Japan

Email: fukuyama@mol.fu-tokyo.ac.jp

aldehydes without over-reduction to the primary alcohols, has
been a challenging task.!2 To date, several protocols have been
utilized for the selective transformation of carboxylic acids and
derivatives into aldehydes. These protocols include the reduction
of acid chlorides, under Rosenmund conditions (H,, Pd/BaSO,) or
with tributyltin hydride under palladium catalysis, and the
reduction of esters or amides with reducing agents such as
DIBAL-H or lithium aluminum hydride. However, the currently
available protocols are insufficient with respect to functional
group compatibility, since these reactions usually require unstable
substrates, such as acyl halides or activated esters, or highly basic
and nucleophilic reagents. In the course of synthetic studies on
natural products, we unexpectedly encountered an exceptionally
mild conversion of ethanethiol esters into the corresponding
aldehydes with triethylsilane in the presence of palladium-on-
carbon.2 We later learned that the reductive transformation of thiol
esters into aldehydes had been discovered in the mid-1940s.3
However, the impractical procedure, namely heating an
ethanethiol ester at reflux in ethanol for six hours with fifty
equivalents of Raney® nickel, hampered further investigations.
Following our disclosure of the mild Et;SiH-Pd/C conditions, this
transformation has enjoyed widespread use in the synthesis of
highly functionalized aldehydes, ranging from a-amino aldehydes
to complex natural products. Furthermore, we have also found
that the reaction of thiol esters with appropriate organometallic
reagents in the presence of transition-metal catalysts is effective
for the mild synthesis of ketones.*> In this account, we will
discuss the scope and applications of these transformations of
thiol esters.
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2. Synthesis of Aldehydes by Reduction of Thiol
Esters with Triethylsilane
2.1. Reaction Conditions and Scope

Thiol esters can be easily prepared from the corresponding
carboxylic acids via the acid chlorides or mixed anhydrides, or by
utilizing various dehydrating agents such as DCC or WSCD
(Scheme 1).¢ Steglich’s method (DCC, DMAP, EtSH) is effective
for the thioesterification of N-protected amino acids. Reduction of
the resulting ethanethiol esters can be performed under argon with
triethylsilane in the presence of palladium-on-carbon at room
temperature. A survey of the optimal reaction conditions using
simple thiol esters indicated that the reduction reaction rate
depends on the choice of solvent (conversion rates are relatively
faster in polar solvents) and the structure of the thiol ester moiety
(a longer reaction time is required when the steric bulk of the R’
group is increased, and no conversion is observed for the substrate
derived from #-butylmercaptan even after eight hours at room
temperature) (see Scheme 1). Reactions in various solvents
provided the desired aldehydes in good-to-excellent yields.8
Accordingly, we developed the following standard conditions:
esters of ethanethiol are prepared and their reduction performed in
acetone or dichloromethane at room temperature. Another
important factor to consider is the concentration of the thiol ester
substrate, which should be 0.5 M or higher in order to effect a
complete conversion.®

A variety of functional groups—including amide, ester,
acetonide, silyloxy, sulfide, keto, and even pB-lactam—survive the

Et3SiH (3 equiv)

)oj\ i, ii, oriii 10% Pd/C (2 mol %)
R™ OH  Ref6 R "SR solvent, rt R™ "H
Ref. 8

(i) CICO,Et, EtzN, CH,Cly; R'SH, cat. DMAP.
(i) DCC, R'SH, cat. DMAP, CH,Cl5.
(i) SOCly, CH,Cly, cat. DMF; R'SH, EtsN, Et,0.

O(CHp); R Solvent El'nlqn:n% Yield
R= /©/ Et acetone 10 97%
MeO Et DMF 10 71%

Et  MeCN 30 98%
Et THF 30 97%
Et DCM 30 89%
Et PhMe 60 98%
Et EtOAc 120 78%

Me acetone 15 91%
i-Pr acetone 120 93%
Bn acetone 600 74%
Ph acetone 600 94%
t-Bu acetone 480 no reaction

Scheme 1. Effect of Solvent and Thiol Residue Structure
on the Rates and Yields of the Reduction Reaction.

essentially neutral reduction conditions (Figure 1).22b.10-12
However, when an olefin-bearing substrate is employed, reduction
of the olefin moiety proceeds under the standard reaction
conditions.!32 Evans et al. reported that this undesired reduction
was suppressed by use of Lindlar’s catalyst (Pd/CaCO;/PbO) in
the presence of an excess amount of an auxiliary terminal alkene
such as 1-hexene or 1-decene (Scheme 2).13

2.2. Application to the Synthesis of Amino
Aldehydes

a-Amino aldehydes are useful chiral starting materials for
which several preparative methods have been developed.!4 Since
o-amino aldehydes tend to racemize easily under both acidic and
basic conditions, the mild conditions of the present reduction
procedure should be suitable for the preparation of this class of
compounds. The conversion of a wide range of a-amino acid
ethanethiol esters to the corresponding a-amino aldehydes was
effected in high yields and without racemization by using
Et;SiH-Pd/C (Figure 2).2b In addition to simple o-amino acid
derivatives, other amino acid derivatives such as aspartic acid,
glutamic acid, lysine derivatives, and f-amino acid derivatives
also behave well under the reduction conditions.2>1529 Moreover,
the widely used amine-protecting groups—Cbz, Boc,3° Fmoc,3!
and phthaloyl (Phth)—are unaffected by the reaction conditions.
The utility of the Ei;SiH-Pd/C reduction has been clearly
demonstrated in the case of a tetrapeptide (eq 1)32 and a
cyclosporin analogue (eq 2).33

2.3. Application to the Total Synthesis of
Structurally Complex Natural Products

The versatility of the mild Et;SiH-Pd/C reduction has been
fully demonstrated in the total synthesis of a number of
structurally complex natural products.!0.13ab.21.34-46 [n a key step in
the total synthesis of (+)-cyanocycline A,*” N-Boc-L-glutamic
ethanethiol ester was subjected to the standard Et;SiH-Pd/C
conditions on a 40-g scale to give the aldehyde in high yield.
Treatment of the aldehyde in situ with CSA/HC(OMe); furnished
the desired dimethyl acetal without epimerization in 95% overall
yield (Scheme 3).22 The core skeleton of (+)-neothramycin A was
similarly assembled by treating a suitably functionalized
L-glutamic diethanethiol ester benzoylamide with Et;SiH-Pd/C in
dichloromethane (Scheme 4).22 The intramolecular condensation
of the resultant dialdehyde proceeded spontaneously to furnish
the desired tricyclic intermediate. Subsequent functional group
manipulation led to a concise total synthesis of (+)-neothramycin A.

Oxazolidinones are widely used auxiliaries in synthetic
organic chemistry. This type of auxiliary can be easily removed

0~ i CHO
X

91%2

){LNQN
!

97%%

CHO
o) COgMe

93%20 quant'®

CHO

r(:Ho PhYCHO Phj/\CHo
SPh OAc OTBS
75%322 84922 88%22
TBSO . H Me
CHO
P(O)(OEt)z
COzEt
98%"" 57%1%°

Figure 1. Functional-Group Tolerance of the Thiol Ester Reduction with Et;SiH-Pd/C.




by a regioselective attack of the thiolate anion on the imide
carbonyl carbon.*84% The sequence of reactions consisting of
oxazolidinone cleavage with thiolate, followed by palladium-
mediated reduction of the thiol ester with Et;SiH, constitutes a
facile and mild method for obtaining the corresponding aldehyde.
This approach was employed by Evans and Johnson in their
asymmetric total synthesis of the marine natural product (-)-
isopulo’upone (Scheme 5).13b The bicyclic core skeleton of (—)-
isopulo’upone was effectively constructed by a catalytic,
enantioselective, intramolecular Diels—Alder reaction with the
chiral Cu(Il)-bis(oxazoline) complex.!3¢ Thioesterification of the
hindered imide intermediate was achieved by addition of lithium
ethylthiolate. Reduction of the resulting ethyl thiol ester, under the
modified conditions developed for olefin-containing substrates,
produced the corresponding aldehyde with complete suppression
of the endocyclic-double-bond reduction.!3

We performed the Et;SiH-Pd/C reduction twice on highly
functionalized substrates in our total synthesis of (+)-leinamycin,
a potent antitumor agent (Scheme 6).3¢ Treatment of the f,y-
unsaturated thiol ester with Et;SiH-Pd/C afforded the
corresponding aldehyde without isomerization of the Z double
bond, which was then migrated to the o3 position with Dabco®.
The catalytic asymmetric aldol reaction developed by
Mukaiyamas provided the anti o,-dihydroxy thiol ester product.
Protection of the allylic hydroxyl group as an MOM ether,
followed by thiol ester reduction with Et;SiH-Pd/C, afforded the
corresponding protected dihydroxy aldehyde intermediate.

An asymmetric aldol reaction of a ketene silyl O,S-acetal and
a subsequent Et;SiH-Pd/C reduction of the resultant thiol
ester!3a.36.40.41.43-46  constitute a powerful protocol for the
construction of contiguous chiral centers. The utility of this
protocol was demonstrated in Evans’s elegant, enantioselective,
total synthesis of altohyrtin C (also known as spongistatin 2), a
potent in vitro antitumor agent (Scheme 7).40 The enantioselective
Sn2*-catalyzed aldol reaction of ethyl glyoxylate gave the anti
aldol product.5! Reduction of the benzenethiol ester under the
standard Et;SiH-Pd/C conditions took place smoothly to afford
the corresponding aldehyde. This aldehyde was subjected to the
Mukaiyama aldol reaction, which resulted in elongation of the
carbon chain and the formation of an ethanethiol ester. Reduction
of'this second thiol ester with Et;SiH-Pd/C, followed by treatment
with camphorsulfonic acid (CSA) and silylation with TESCI,
furnished the intermediate for the F-ring unit of altohyrtin C.

3. Synthesis of Ketones from Thiol Esters
The synthesis of ketones from carboxylic acids and their
derivatives by nucleophilic addition has also been an important

O OH OTES Me O OH OTES
H : = /\(\/)3 (xs) A -
_ .
EtS : Et;SiH H :
Me 5% Pd/CaCO3/PbO Me
acetone

=

oTBS
MeO” N07% Z
H
81% (3 steps)

1. CSA, MeOH
2. TBSCI, imidazole
DMF

Ref. 13a

Scheme 2. Suppression of Alkene
Reduction by Use of Lindlar's Catalyst.

NHR! NHBoc /k/l}l\HFmoc
Me”™ >COSR2 YCOSEt COSBn
93% (R = Boc, R? = Et)®® Ref 16 720415
77% (R = Fmoc, R? = Bn)'®

R ;
NHR /N NHR
A . R30,C. A
Phcoset ‘COSEt 2¥ " COSR?

47% (R' = Boc, R? = Et, R® = Et)"7
75% (R' = Fmoc, R? = Bn, R® = £Bu)'®

93% (R = Boc)®
91% (R = Cbz)®
83% (R = Fmoc)?

87% (R = Boc)?®®
96% (R = Cbz)?

NHBoc lfmoc NHBoc
MeO,C._ A coser tBUOC_N_cosEt  meo,c. L coset
Me
82%8 93%'° Ref. 20a
NHBoc NHBoc
ROC™™>"COsEt COZHN A coskt
92% (R = OMe)?>2! 84%20
91% (R = NMe,)??
NR'R?
NHR! :
: EtSOC”™""CO,Me
/\/\/\
R3HN COSR?

75% (R' = H, R = Boc)?*
(R! = Me, R? = Cbz)®®
(R",R? = Phth)?

79% (R' = Boc, R? = Et, R% = Cbz)?®
75% (R" = Fmoc, R? = Bn, R® = Boc)'®

CO,Et
CbzN— NHBoc . soihth:,? %
O EtSOC.__A t
EtSOC ~"C0o,tBu \/\fr
/\/\lg I
Ref. 27 83%28 73%%°

Figure 2. a-Amino Acid Thiol Esters as Precursors to a-Amino
Aldehydes. Yields Shown Are of the Amino Aldehyde Products.

CONMe;, Et;SiH CONMe;
tool in synthetic organic chemistry.!® A number of protocols have 10% Pd/C
. . . . —
been developed to improve this reaction by suppressing the Ao Lo Al Al DMF Ao LowAla Al
. . .. .. c-Leu-Ala-Ala- 0°C,15h c-Leu-Ala-Ala-
formation of tertiary alcohols arising from further addition of the BCOSEt BCHO
Ref. 32 89% eq 1
o}
Me H
Oj/N\ )LN/lfijr\
Me
o © 6P NMe
Pd(OAc), U o
EtsSiH o >—
acetone N HN
t, 10 min 0
: 0] '\N/le NHBoc
MeN
N 5
\([)I/\Me \I
Ref. 33 eq 2
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nucleophiles to the (initially formed) ketone products. These
protocols include the addition of Grignard and organolithium
reagents to heterosubstituted amides and esters, such as N-
methoxy-N-methylamides (Weinreb’s amides)’? or S-(2-
pyridyl)thiolates;? the reaction of organocopper reagents with
acid chlorides,’* S-(2-pyridyl)thiolates,5 or thiol esters;>¢ and the
transition-metal-catalyzed reaction of acid halides with organotin>?
or organozinc reagents.>8

Having successfully established the usefulness of the
Et;SiH-Pd/C reduction for the preparation of aldehydes, we then
turned our attention to extending this chemistry to the synthesis of
ketones. The proposed mechanism of aldehyde formation
(Scheme 8) involves initial oxidative addition of Pd(0) to the
C(sp?)-S bond, followed by transmetallation of the resultant
acylpalladium species’® with Et;SiH. Reductive elimination from
the resulting acylpalladium hydride leads to the desired aldehyde
and the regeneration of the Pd(0) species. On the basis of this
mechanism, we surmised that substituting an appropriate
organometallic reagent for Et;SiH would provide the corresponding
ketone after transmetallation and reductive elimination.

3.1. Palladium-Catalyzed Coupling of Thiol Esters
with Organozinc Reagents
3.1.1. Reaction Conditions and Scope

Extensive screening of various combinations of transition-
metal catalysts and organometallic reagents revealed that the
optimal conditions for generating ethyl ketones from thiol esters
in high yields involve the use of an excess of EtZnl and catalytic
amounts of PdCl,(PPh;), in toluene at room temperature (eq 3).460
In addition to ethylzinc iodide, isobutyl-, phenyl-, B-phenethyl-,
and vinylzinc iodides¢'—as well as benzylzinc bromide and
functionalized alkylzinc reagents bearing ester®? and protected
amine groups®—could also be employed. The mildness and
versatility of the reaction were demonstrated with a variety of
substrates: alkyl, aryl, and o,B-unsaturated thiol esters bearing
sensitive functional groups such as keto, a-acetyloxy, mercapto,
aromatic bromo and chloro, and even aliphatic and aromatic
aldehydo groups (eq 4).2¢* This exceptionally high chemo-
selectivity is probably due to the facile oxidative addition of the
palladium catalyst to the C—S bond and the relatively low

nucleophilicity of the zinc reagents. These reaction conditions are
also suitable for the synthesis of N-protected a-amino ketones
without appreciable racemization (eq 5).4¢4 Combinations of
functionalized organozinc reagents and thiol esters—prepared from
phenylalanine, glutamic acid, or proline—afforded structurally
intriguing amino ketones in good yields.

Very recently, Seki and co-workers modified the reaction
conditions in order to apply this reaction on an industrial scale.6
They found that, unlike homogeneous catalysts, Pd/C%5 and
Pd(OH),/C65be are effective heterogeneous catalysts for the coupling
reaction (eq 6). In general, Pd(OH),/C possesses superior activity,
providing the desired ketone product with only 0.15 mol % of the
catalyst. A key to the facile coupling using these heterogeneous
catalysts is to perform the reaction in a mixed solvent system, such
as THF and toluene, in the presence of 4% (v/v) DMF.

3.1.2. Application to the Total Synthesis of Natural
Products

The exceptionally high chemoselectivity of this coupling reaction
is particularly useful for the conversion of polyfunctionalized
carboxylic acids into ketones via thiol esters. One example is the
efficient synthesis of (+)-biotin (Scheme 9),052.6¢ in which Seki’s
group applied this methodology to the cyclic thiolactone system.
The coupling reaction was carried out on the known key thiolactone
intermediate®’ using 4-ethoxycarbonylbutylzinc iodide. In situ
acid-mediated dehydration of the thiohemiketal coupling product
led to the known intermediate for biotin synthesis in 87% yield for
the two steps. (+)-Biotin was obtained according to the method
described by Gerecke et al.,” which included hydrogenation of the
double bond from the convex face and deprotection reaction steps.

Our second-generation total synthesis of the squalene synthase
inhibitor phomoidride B (also known as (—)-CP-263,114), utilized
the Pd-catalyzed coupling reaction in the final stage of the
synthesis (Scheme 10).%8 Although our initial attempt to carry out
the coupling reaction under the “standard” conditions resulted in
the recovery of the starting material, a modified procedure—in
which the THF solvent was pumped out and replaced by toluene—
was successful. Thus, the reaction of the advanced intermediate
(M)—which had all of the required functionalities including
maleic anhydride, y-lactone hemiketal, and thiol ester—proceeded

1. Et3SiH (1.5 equiv)
Pd/C (2.5 mol %)
acetone, rt, 0.5-1.0 h

2. CSA, HC(OMe);
MeOH

95%

BocHN H COSEt

CO,Me

H
BocHN.,| _CH(OMe),

Ref. 2a

CO,Me

(+)-cyanocycline A

Scheme 3. Et;SiH-Pd/C Reduction of a Thiol Ester as a Key Step in the Synthesis of the Natural Product (+)-Cyanocycline A.

DMTSO NH;
H i COSEt
MeO

1. Et3SiH (5 equiv)
10% Pd/C (0.15 equiv)
dry DCM, 23 °C, 40 min

DMTSO. N= H
o] k 2. CSA, MeOH MeO: :Yb

23°C
COSEt

° HO
%

HO N= H 66
/
MeO N
OMed

(+)-neothramycin A methyl ether

Ref. 2a

Scheme 4. Et;SiH-Pd/C Reduction of a Di(ethanethiol ester) as a Key Step in Assembling the Core Skeleton of (+)-Neothramycin A.




Et3SiH
5% Pd/CaCO3/PbO

quinoline H o)

2N (xs)

acetone
t,2h

TBSO™ %

s

Ref. 13b,c

EtS.__O
LiSEt H
TBSO' %
HF
0°C,0.25h
91% A

(—)-isopulo'upone

Scheme 5. Et;SiH Reduction of an Ethanethiol Ester as a Key Step in the Asymmetric Total Synthesis of (-)-Isopulo'upone.

o)
Et;SiH OR Dabco®
10%Pd/C o Mell CH,Cly
acetone g -O 23°C,2h
23°C,1h
X4 CHO 929 (2 steps)
tBu Me
R = CH,CH,CO,Me
OTMS
Z "SEt 1. MOMCI
OMPM Pr,NEt, DCM
Sn(OTf), reflux, 5 h
Bu,Sn(OAc), 91%
P
2. Et;SiH
,\O 10% Pd/C
CHO q)\’ acetone
Me 23°C,1h
CH,Cl, 29%
—78°C, 18 h

MPM = 4-methoxybenzyl 92%

(+)-leinamycin

Ref. 36a

Scheme 6. The Reduction of Thiol Esters with Et;SiH-Pd/C Used Twice in the Total Synthesis of (+)-Leinamycin.
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Scheme 7. Thiol Ester Reduction as an Important Part of a Powerful Protocol for the Construction of Contiguous Chiral Centers.
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] ]

R)J\Pd-H )J\

R

Scheme 8. Proposed Catalytic Cycle for the
Pd-Catalyzed Reduction of Thiol Esters with Et;SiH.
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Buznl 15 90
Ph™ > ZnBr 60 86
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Ref. 4 eq 3
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—_—
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o OAc /@/\/cosa
PN
PN PN Ph” s COSEt
Ph COSEt Ph” “COSEt OHcH;o
99% 75% 83% 78%
Q/\COSEI J©/COSE1
X COSEt
Br OHC Ph N
91% 79% 69%
Ref. 2c,4 eq a
Znl
(2.0-3.0 equiv)
NHCbz PdCly(PPh3), NHCb:
L et (10 mol %) : ;,
— " .
R/\n/ toluene, rt R/\ﬂ/
o) o)
Time  Yield
Thiol Ester R’ (min) (%)
Et 15 88
NHCbz  EtO,C(CH,)s 40 88
Ph A SEt e
\/\g/ Ph 90 58
PhthN(CH,); 90 64
NHCbz Et 90 82
A SEt =m--mmmmmmro e
MeOzCW EtO,C(CH); 90 82
T NCbz Bt 180 73
H Et """""""""""""""
C\n/s EtO,C(CHy); 110 64
0
Ref. 4 eq 5

smoothly in toluene to afford the desired coupling product without
affecting the delicate functional groups. The fact that the coupling
reaction with ethylzinc iodide (instead of 3-pentenylzinc iodide)
provided the corresponding ethyl ketone analogue with equal ease
should make this an attractive approach for the synthesis of
phomoidride B analogues differing in the ketone side chain.

3.2. Palladium-Catalyzed Coupling of Thiol Esters
with Terminal Alkynes

We have recently extended our methodology to the synthesis
of a,B-acetylenic ketones® by the Pd-catalyzed coupling of thiol
esters with terminal alkynes. The coupling reaction proceeded
smoothly under modified Sonogashira-coupling conditions
[PdCl,(dppf), 0.10 equiv; P(2-furyl);, 0.25 equiv; and Cul (1.7
equiv) in DMF-NEt; (5:1)], in which an excess of Cul was
required for complete conversion (eq 7).> Various terminal
acetylenes and functionalized thiol esters were successfully
reacted under these conditions, demonstrating the versatility of
this ynone synthesis (eq 8).5

3.3. Related Coupling Reactions of Thiol Esters

The formation of ketones by transition-metal-catalyzed
coupling of thiol esters with other organometallic reagents has
also been reported. Marchese and co-workers carried out the
Fe(Il)-catalyzed coupling of benzenethiol esters with Grignard
reagents to smoothly furnish the corresponding ketones in high
yields (eq 9).7° Recently, Liebeskind, Srogl, and Savarin
established two conditions for the coupling reaction between thiol
esters and boronic acids.”! They used 4-halo-n-butylthiol esters as
starting materials in one case (eq 10),”'2 and found that the
presence of Cu(l) thiophene-2-carboxylate (as co-catalyst) was
crucial in the second case (eq 11).71°

4. Odorless Protocol with 1-Dodecanethiol

The preceding conversions of ethanethiol esters into aldehydes
or ketones are exceptionally mild and highly chemoselective
transformations, and have a variety of applications, especially in
the total synthesis of complex natural products. However, despite
these advantages, ethanethiol and its byproducts are unpleasant
compounds to work with because of their offensive odors. This
drawback can be mitigated by using 1-dodecanethiol esters, since
1-dodecanthiol is reported to be odorless.”

The dodecanethiol esters were prepared in the same manner as
the ethanethiol esters by the mixed anhydride method, acylation
with acid chlorides, or by the use of dehydrating reagents.” While
dodecanethiol esters generally required longer reaction times than
those of the corresponding ethanethiol esters, comparable yields
of the desired products were obtained in the Et;SiH-Pd/C
reduction to aldehydes, ketone formation with organozinc
reagents, and alkynyl ketone synthesis with terminal acetylenes
(Scheme 11).73

Lithium dodecanethiolate proved useful in the removal of
oxazolidinone-type chiral auxiliaries (Scheme 12).732 Thus, after
Evans’s diastereoselective aldol reaction, the imide was
transformed into the dodecanethiol ester by the regioselective

1Zn \/\/\COZEt
o (2 equiv)

)l\ catalyst
B — e ———
R™ "SEt THF—toluene
DMF (4% (v/v))
20°C

R = 4-MeOCgH,CH,CH,

0
RJ\/ NCOoLE

Pd/C (1.5 mol %); 22 h, 87%
Pd(OH),/C (0.15 mol %); 50 h, 84%

Ref. 65a,c eq 6
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Pl AL 874 (CH21CO02 T 5h S (CH2)3CO;l
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] 48h Q
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EtOH Y 3. HCI )
100°C,3h 37 ""(CH)4CO,Et s” "(CH2)4CO,H
91% 80% (+)-biotin
Ref. 65b,66

Scheme 9. Application of the Pd-Catalyzed Coupling of Thiol Esters with Organozinc Reagents to the Total Synthesis of (+)-Biotin.
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Coupling of Thiol Esters with Organozinc Reagents
to the Total Synthesis of Phomoidride B.
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addition of lithium dodecanethiolate. The resulting dodecanethiol
ester was converted into the corresponding aldehyde with
Et;SiH-Pd/C.

5. Conclusions

A number of complex aldehydes and ketones have been
synthesized efficiently from thiol esters by the methods described
in this review. The most attractive feature of these methods is
their broad compatibility with sensitive and complex functional
groups on the thiol ester, as well as with the coupling partners in
the case of ketone synthesis. This is likely due to the unique nature
of thiol esters, which serve as relatively stable precursors for the
generation of acylpalladium species. Once the acylpalladium
species is generated, reduction with the trialkylsilane or coupling
with the organometallic reagent takes place under the mild
reaction conditions. Because of its versatility, we expect this thiol
ester based methodology will find many more useful applications
in organic synthesis.
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Kentaro Okano'?, Tohru Fukuyama®*

Total Syntheses of Nitrogen—-Containing Cyclic Natural Products

, and Hidetoshi Tokuyama'**

This article focuses on the development of an aromatic amination reaction using Cul and CsOAc
and its application to total syntheses of nitrogen-containing cyclic natural products. The reaction
conditions present several unprecedented features that have not been observed in conventional
palladium-catalyzed systems, including high functional group compatibility (e.g., N-alloc-and
sp’-Br are retained) and applicability for highly hindered substrates. The utility of this reaction
has been fully demonstrated through total syntheses of duocarmycins, yatakemycin, and PDE-IIL
Key words: total synthesis, amination, duocarmycin, vatakemycin, PDE, CC-1065
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1. 7R EHBREIVLZRAVET I /{ERIED
R

MR IZ BT A (H)-F a2t h~A T AR D4
GHIRICBVWT, FHERELC22070EkE2ET5
T AFIT I VFEEET A FY) CBIUE8 246
WY 572025 FREFERET I /LS OR 2475 72
(F&1),

$ 9, Buchwald 512X A/55 V7 AfiliiE s Fv/27
IR ERAIE A, BALE 8 OIlEIE PR
EEED, BroxfE9 e it/ilentry 1), 914,
PAHd ) —HORF A L THBIT sz L
HREW Lo ZEZ ON, IR REE Y Y AICEZ
72elh, B7OERROEREZIZIZESICMZA L Z LA
TE72H, BUSHEEHET L/ DMF W Cld BUS 3
M EL2zdboo, INETSHE S RD o7 (entry 2)0
2T, /ME-HE-Stille &1 v 7Y ¥ FIZBWTRIGHE
BEmETHsIEFMENTWE I LEEHEML &
A, FmIZTHERLLIZTHAHEL, K7oefko ok
BEES SRS RIFRANETH SN
(entry 3)o FL MMM E L2 &EH 6, Pd OB
G2 LIET I LRSS H#EIT L2 Tidhnhr b #Z,
S LR v AR EER S LA, TH
EBVIZHER I T 2 ALRUSHHEST L7z (entry 4) o

Table 1 Initial finding of Cul-mediated aryl amination.

Br H R
MeC Br WMe0 N 8 R=Br
9R=H
7
entry conditions B(%)  9(%)
1 Pdz(dba)s®, Plo-tolyl)s, NaOt-Bu 47 1
. toluene, 110°C, 2 h
2 Pd,(dba)s®, P(o-tolyl);, CsOAc 34 trace
DMF, 120°C, 4 h
3 Pdy(dba)s®, P(o-tolyl)s, CsOAc, Cul® [ 0
DMF, rt, 5 min
4 Cul®, CsOAc, DMF, rt, 20 min 60 0

210 mol%. © 2 Equiv.

Kt e FRF O R, S, ARISIZBWTE—fio
MBI HINEFS S — M F L OFENRHATHSH 2
Edbdroiz, 7, WIROBEEEH D (10) 2 HWTD
FARIC IG5 2 &, RE 11 ORIBTH I v #
BEAB NI LA LB ORI 25, BUSHERE L
TOEIHELLZ(AF—L1), T, 105K L7
o, BWHREFISAEN L, BRLAYRHIN & SIChY ik %
HECHERRS (D AV A LAERY 2 5 2 0 EBRIZRIGIC
P53 2 G L EERE S (D ThH L L EZ 6N DD, =
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NHEDOLEEWDNEL B ens, L) LB
BRt v A% O TRUBR P THERRSH () 2 584 <€ 5
HiEEWAZ L E LT,

N

10 CuOAc =—— Cul + CsOAc

Cul (2 equiv)

I\g\/\nm CsOAc (5 equiv) Rm
Br DMSO N
90°C,5h Ns
11
12 R=1 81%
13 R=H 10%

Scheme 1 Plausible reaction mechanism.

2 HFAT I LRI

BUSGEMORBIb T 1T o 7218, ARG O—#E % Hit
L72(&2) . "Xy X LTk Brd LIXIANmA
WEETHD, HSHEIZER LOBEBRER IZKET S
&Moo RABn, H Ns DA ICILEET,
BUSHSHEIT L7z l2et L, Ao — b &l 7zBiEm
BAVLETH oIz it T, TR EOBEIZoW
THRFZATo 458, 6 ABUERIIME 2 LB E L7
bom, 5 B & R HIGT 2 8BbErE S5
(R®B). T/, THEIIMETE /2%, 8 HIILE 23
3B lho7(XF—42),

Table 2 Formation of indoline.

H Cul (2 equiv)
No CsOAC @[—J
Q\/x\/ DMSO N
14 or 15 16
entry substrate R X ?Bﬁﬁg temp (°C) time (h) yield (%)
1 14a Bn  Br 5 rt 5 87
2 1 H Br 5 it 1 47
3 14 Ns Br 5 %0 1 82
4 14 Ac  Br 10 %0 24 82
5 14  Boc Br 10 50 24 82°
6 14  Cbz Br 10 50 24 77
7 14g  Alloc Br 10 o0 24 758
8 16a Bn | 5 it 4 87
s 18 H | 5 it 1 44
10 15¢ Ns | 5 80 1 87
11 15d  Ac | 5 90 24 2%
12 15 Boc | 5 80 24 93
13 18f  Cbz | 5 80 24 95
14 155  Alloc | 5 90 24 81

2 With 5% substrate recovery. © With 8% substrate recovery.

1037



Table 3 Formation of tetrahydroquinoline.

Cul (2 equiv)

(jl\/\/\w“ CsOAG (5 equiv) @j

H S — -

X DMSO N
170r18 19

entry substrate R X temp(°C) time(h) vyield (%)

1 17a Bn Br 90 ] 718
2 17b H Br ] 24 54°
3 17e Ns Br 80 5 98
4 18a Bn | 90 9 54
5 18b H | rt 24 56
6 18c Ns | 20 4 99

# With 4% substrate recovery. ¥ With 3% substrate recovery.

H Cul (1 equiv)

“Ns CsDAc (5 equiv) m
i DMSO
120°C, 24 h \
20 74% 21
Cul (2 equiv)
N CsOAc (5 equiv)
g\/\/\” DMSO
! 120°C, 24 h S
22 23

Scheme 2 Examination of ring size.

F/z, K7 I LSO LIZ L B L, R4 Bn
3 L £ 1& Ns D4 12 BRI 2R DERTHIG T 5 BALED
LML ZEdbol (R, /2, HH 14c Tz
BAIiE, 1 mol% @ 3 7ALEFAETICBWTH M
FUBAHEST L 720

Table 4 Catalytic intramolecular aryl amination.

H Cul
N"F{ CsOAc
@\/\Hﬁ DMSO @\?)n
Br 80°C, 24 h B
entry substrate n R (l'\'?;‘;ﬁ] (:eq: :Ui"".': product  yield (%)
1 14a 1 Bn 10 50 16a 83°
2 14c 1 Ns 1 25 16c a7
3 14d 1 Ac 10 5.0 16d 18
4 17a 2 Bn 10 5.0 1%a =]
& 17c 2 Ns 10 5.0 19¢ 96

#\\ith 3% substrate recovery. ® With 68% substrate recovery.

A7 I LRSI R CERREIAFEEZ R L, TR/
TV LMBEERVEEETIREDPILENDDH D
Alloc %>, FUSIZES LAV T O EEARESNLZ
Lhsbhol

3. AFM7 I/ LRE"

i) 53 F N T 3 ALBUEASHSETE 72D T, HHivT
SFHEIGIZOWT AR 2175 72(R 5. BRI DH
£, 90T T 10mol% 3 VL& H v 5 &M4T, KIS
SFREICHET L7z, A & &R, T EROERE AW

1038

Table 5 Catalytic intermolecular aryl amination.

I\

n-BuNH;

N (1.5 equiv)

Gul (10 mol%)

CsOAc (2 equiv)

DMSO
80°C,24h

O]
Xh= ‘n-Bu

3

yield (%)

w o~ 3 A W R =

-
(=]

1"

® o® 3 ® 3 0W 3 0V I O

NO; 78
85

99

Me 21
99

88

OMe 49
89

B4

50

76

F 37
Br 78

Table 6 Substrate scope.

Cul (10 mol%)
CsOAc (2 equiv) R
Al + RRNH Ar—N
DMSO R
90°C, 24 h
Arl RR'NH product yield (%)
NI i
| o -BuNH; |N~ Mgy 24 70
Z =
N P
| A, n-BuNH; P N,H—Bu 25 96
H
! »
Ej HNS @/ 26 68
| o}
o N 27 83
HN._J
| =
o O oo -
N
H
H
I HaM N
o "o U=
H
o D OO
R R
R=0Me 30 44
NO, 31 83
ot O
R=0Me 32 4
NO, 33 12
H
O, o
o . -
R=0Me 34 38
NO, 36 64
1 H
©/ o-NsNH; % 9

B Cul (2 equiv), Cs;CO; (5 equiv).
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Scheme 3 Retrosynthetic analysis of duocarmycins.

1. MsCl, Et3N, 88%

B
no, 2 Raney N i N, 39 NaNO; ' |
o - N g
HO 3. Bry, 87% MsO Br a3% MsO Br
= 45 46
Jq
1. KOH Br n-Buli; 48 & 0. A, 1 a0 AcOH
MeOH I 58% H quant
o= o
2. BnBr BrO Br \J_ 2. Hs10g;
K,CO4 a5 Bn0 Br NaBH,
78% 47 ) NO; 49 80%
(2 steps) Fh 48
3. Fe, FeCl 1. Cul (20 mol%)
1 MHCI ol CsOAc (1.4 equiv)
4. o-NsCI B - DMSO, 1t, 24 h Br _-OTBS
NaHCO; /@\/:\JNHBH 67% t i
5. BnBr, K;COy; 2. TBSCI, Im N
PhSH BnO' Br quant BnO Bn
74% (3 steps) 50 41

Scheme 4 Svnthesis of key intermediate.

ATV, BRALHIERIE 50 21572, ME R D HHHET I/
LU SEiRICTHEITL, Byoefkrae{{EH 2%
{, BIRINERTEARADA Y FY v 41 25272,
[Ger Ay roa] AEA Y F—VH VKBS
A IYOEREE LT, 7Y FEEEFLEEE VS C-
H#EARSHHEShTwa 2, e LT, Wil
DRy AT VT e FFi#fkd & Horner-Wadsworth-
Emmons UGS # @ TAM L7727 FO7 3/ EEiFEk
5312, K7 I ML E#H Lz 25, ZIZEER
WZBMLBUSASEST L 720 RIS, T AT VOMKG %
BCEEzsO) F5 L LA(RF¥—LD),

1039



1. Bra, ACOH, 87%

MaQ. CHO 2.52, TMG, 97% MeO. - COMe
M 't MeO g HCo2
OMe MeQ-P._-COMe OMe
NHCEz
51 52 53
1. Hy, PAIC
Cul (1.5 equiv) MeO 99% MeD
CsOAc (7 equiv) mc e 2 KOH.89% U;QIHC‘
DMSO MeO - 3.50Cl; Mol N °
t, 24 h, 98% OMe OMe
54 55

Scheme 5 Preparation of right segment.
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Y40 &G Rz,
1. NaNO, 1. CbzCl
o o AcOH o o Py, 96%
MeOMOMe 2. Hy, PIC "“’O)I\H}\o"" 2. Mel
91% NH NaOMe
56 (2 steps) - 76%
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0o o PLE o o EtsN Me0,C
MEO)K:(ILOMG H,0 MeOJN_-(LLOH quant Me I):,QD
Mé NHCbz  (175380) Mé NHCbz *-g .
58 quant 59 40
(94% ee)

Scheme 6 Preparation of chiral azlactone.
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Br  _—OTBS n-Buli;40 o Cul (2 equiv)
a/@ 75% nps  CbzHN —OTBS Cs0Ac (5 equiv)
—_— Br 3 S —
Bn N MeO,C O 91% DMSO
o Me 34 BnO N . 3 h, quant
N
M 40  oBn &0
cO;Me CO,Me 1. 85, Py, 80%
Med 0 _ores 1. TrocCl Me-) O ~oTBS 2 TBAF, 76%
CbzN E NaHCOj, 70%  ChbzN 3. MsCl, Py, 88%
2.Zn, aq. KH,PO N
N 2/ 4
BnO N priy BnO M cl OMe
39 61 o H OMe
55 OMe
CO;Me CO.Me
Me: Me. (o]
:_.—OMs 1. Hy, PdIC, 87% HN
CozN { 2. Cs,C0,, TT% £
N OMe N OMe
BnO y o y
o N OMe o N OMe
62 OMe (+)3 OMe

Scheme 7 Total synthesis of (+)-duocarmycin A.
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— Br. : e
ﬁiuj 2. NBS, 82% DMSO
B0 Bn - N . 10 min
CO;Me Bn quant
n-Buli; [ 41 X=Br CbzHN™S 64
I, 97% 42
55,
Me0,C 1. TrocCl oC TBA?

1.
MeO,
NaHCO3 2. T6%
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ChzN E TT% ChaN g 3. MsCl, Py, BB%
- N 2.2n c OMe
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58% H ) H OMe

Scheme 8 Total synthesis of duocarmycin SA.
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Scheme 9 Retrosynthesis of (+)-vatakemycin.
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Scheme 10 Synthesis of the middle segment 69.
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HO NMO, MS4A Cul (1 equiv)
Br 85% (2steps)  CbzHN™ = CsOAC (2.5 equiv)
—_—— - Br. —— -
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Crae 1P 8 coen MeO Ns
CbzHN" ~PZ0Me Ohte
82 o B4
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ChzN, 95% CbzN 1. Hy, PAIC
MeO N 2. FmocCl M N 2. MeSH
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Scheme 11 Synthesis of the left segment 68.
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Scheme 12 Synthesis of the right segment 70.
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Scheme 14 Second generation synthesis of yatakemycin (6).
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Table 7 Effects of pentamethylbenzene.
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Scheme 15 Retrosynthesis of PDE-II featuring double
amination.
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Scheme 16 Synthesis of substrate for double amination.
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Table 8 Key double aryl amination.

MeOC NS Me0,C

ChzN HN
NHN
MeOC  ns cul MeO Br MeD Br NS

zZ

CsOAc (5 equiv) MeO MeO
CbzHN additive
y DMSO 108 17
MeO,C,
MeO ar 90°C,3h Me0C _
MeO CbzN HN \
102
N
MeO N . H
MeO MeO
100 108

entry Cul (equiv) additive (equiv) 106 (%) 107 (%) 100 (%) 108 (%)

1 1.0 none 14 22 12 LN
2 1.0 Cs,CO; (3) ] 26 3 38
3 15 Cs,C05 (3) = - . 57
MeO;C s Mt s
ChzHN I N Eliminati
Br Amination CbzN fB-Elimination
MeQ Br MeQ Br
OMe OMe
102 106
MeO,C Deprotection
— Amination of Cbz Group
ChazN 100
g
Meo” Sy g NS Deprotection
MeO of Cbz Group Amination
107
109 (not isolated)
MeO.C, Me0,C
— Removal of =
Ns Group to Form
HE Pyrroloindole HN 2y
MeD N MeO N
MeO “Ns MeO
110 (not isclated) 108

Scheme 17 Outline for the cascade reaction.
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Scheme 18 Total synthesis of PDE-II(2).
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CeHis - sHis -
3. PhCO,Ag, t-BuOH 3. CSA, MeOH
4. CSA, CHCly
MeO,C CO ;Me 44% (3 steps) 0,t-Bu 20% (4 steps)
12 13
Scheme 2

(1) (a) Dabrah, T. T.; Harwood Jr., H. J.; Huang, L. H.; Jandovich, N. D.; Kaneko, T.; Li. J.-C.;
Lindsey, S.; Mosier, P. M.; Subashi, T. A.; Therrien, M.; Watts, P. C. J. Antibiot. 1997, 50, 1.
(b) Darah, T. T.; Kaneko, T.; Massefski Jr., W.; Whipple, E. B. J. Am. Chem. Soc. 1997, 119,
1594.

(2) Waizumi, N.; Itoh, T.; Fukuyama, T. Tetrahedron Lett. 1998. 39. 6015.

(3) Nicolaou, K. C.; Baran, P. S.; Zhong, Y.-L.; Fong, K. C.; He, Y.; Yong, W. H.; Choi, H.-S.
Angew. Chem. Int. Ed. 1999, 38, 1676.

FR-900482 D& RHFE (HFRE)

FR-900482(1)1% 1987 &£, BBIRERFE D IV — T2 X O, Streptomyces sandaensis No. 6897
NOBMINEHEEEAENETHS ' 1R MY C QRELHULEEERZ
BL., ¥RCERFNVEEEZETEED. OV —TRIVERAENZINTY

2, SE, XFEER 3 ZERLOEEFHMIAFAICREL. SR IESRITBIEATRER
ERBBOMILEZEHEL THAZMBL .

n ~OCONHz Q OCONHz
Ha N
OH
Ms
OHC NG ANH o

FR-900482 (1) mitomycin C (2) *= chiral center

Figure 1



2% 8 BEROBERIIBIE., AF2A0 6 NSoERIELEZNINTFIR T O
FH I-BEBFAMBARIGICEIDAETH 2 LOHENT TIZH SN T W= (Scheme

1).

o
| L O:N
d 4 steps _saNaoCl | o -
+ —_—
NH CHzClg ><
p-Ns A !
OH oNs p-Ns
4 5 6 7 8
p-Ns = p-nitrobenzenesulfonyl

Scheme 1
FIT. 1 DAREBHFICANTAF L 10 288K L, 1,3-RBFAMBERIEZT
S IAEABELIRNVWIBRILEYW 12 25 2 /= (Scheme 2), ML RIFET > ZHER.
BEEBAEE 13 L08ENE 405, BNRTELOSBRLEW 15 252 LENT
E, TOHEEIp-NsEZRELZ 16 D X RIERHWEMITICE DFEIR L 7= (Scheme 3).

Me| 4 steps Me ome
NaOCI 0,
= S | S XS
pNa

pNs
9 5 10 1 12
Scheme 2
Et EtOzQ
OEt Et0,C,
) 1.5,PhsP, DEAD Me| v MeQ | PRSH oo O;N
2.TBA w%< aq NaOCI Cs2C03 H
3. Swemn oxidn CH,Cl, o>< CH4CN °><
Me NH 4, NHzOHeHCI ~ Me N Me ¢
p-Ns AcONa pNs p_N . Me N
13 14 15 16
Scheme 3
Ezo,c {:OH . 1. Haney Ni,Hy H
M aq Hy80, 1, NalO,
MeO NeBHe H.) EtOH M 2. NaBHq
A o TRAR BN 0)( 2. NaBH(QAC O, 3.T8SCI
BONEHODY e T X EN
3.aq NaOH Me DMAP
cocFs MeOH N

18
8BS
1. Dess-Martin
M ; _lMoPBA 0>< oxidn M
A T2 a0 2 NHaNHHC! °><

Me Me

H

19

1. TBAF, AcOH M 1. TESCI, Et;N M
2. Amberlyst 15E DMAP
3. Me,C(OMe X 2. MsCl, BtgN
cH2 COMalMe g N 5 ToAF S Me N2

H 4. NaH

Scheme 4
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Z#L., N-O #&& % Raney Ni TUIML., £CEF b 2UABROICETL TR S
—)ik 18 L. WT, 18 @ 12-PF—)VOMBICLVELCETITEREZET
L., ~KkBEZZEROICEBL T 19 2B ELITKRIILE. RWT, 19 OZHKTY 2
CEBL, AU ROFUNTICEREBLT 20282, 200 "R KEBEEZBRLL .
BATEROFUINTICOHAREIZED, 4 BMELEY 21 21822 ENTER, 21
DEYRREBEOLTHEFTVNI A —)L 22 £ L, MBREERTEADUA(LEEZETS
IHEFUR 23 AEEHRUE, 23 15, BAOHE 2 £8A LT FR900482 HFikik 24
BEU25 2152 Z L2 L 7= (Scheme 4).

(1) Iwami, M.; Kiyoto, S.; Terano, H.; Kohsaka, M.; Aoki, H.; Imanaka, H. J. Antibiot. 1987, 40,

589.
(2) Fukuyama, T.; Xu, L.; Goto, S. J. Am. Chem. Soc. 1992, 114, 383.,

Iz RSP AQOERME (BE ¥)

I7xz RSP AMBFEOERERETH 2HMEROEERS
T, DEBRTHERZ2ETI2EYET NV IOA RTHS, 1 3P
RORS Y758, 17 BRRUVTID, B-TI/VBEOKR
BREBREZEEEODEBREREBEEZELTHBD., ZOBELEEEY
WHEBL, 10XEEEEOERHEICEFL =,

p-7O0E7x /=25 6 BRETREMLY 3 ZAMKRLE. 3
PARAEMBE 4 LHEAEIE. I R5&ELE. 5% KHMDS T
7O b ek, 6 EORETINFIVERIET 7 247, 7 ® TBS L7z ESTYAQ)

ErRER, A/ —)VHTO DDQ BIETAR Y VLI A MF
SEEBALTS 287, 8 £ BClL, THAY D)L L =% TFA TLET B L. />
AFREOFME 9 2RTHARLELEISND 10 28k, OB IR Da
MOMEEFEZRFLEZETELADORNS X ABOANESNL. 7 =/ —)V 10 Z TBS
ETREBL, FAERBEZREALT -TFNIRAFTIVICERK, Stille By T 2T

9 10 1 12 13

Reagents : (a) allyl bromide, KoCO3, DMF; (b) diethylaniline, 210 °C; c[)c) benzyl bromide, K,CO3, DMF, 80% 63 steps); ﬁd} Ogj;
Me,S, MeOH/CH.CI,, -78 °C; (e) NaClO,, 2-methyl-2-butene, NaH,PO4+2H,0, +-BuOHH ,76%’.: 2 steps); (f) oxalyl chloride,
oHeoE); g%a, nBull, THE, 83% (2 steps); (h) KHMDS, 6, THF, -78 o 0 °G, 78%; (i) NHsF*HF, DMF, 60°C; recrystaliization.
68%; Q, MeOH/dioxane, 60 °C, 90%; (k) BCla, -78 to 0 °C; (I) TFA, CH,Cly, 93% Ez steps); (m) TBSCI, imidazole, DMF,
76%: (n) LIOOH, THF; (o) N,N-diisopropyl-O-t-butylisourea, CICH,CH,CI, 50 °C, 67% (2 steps); (p) Pd(PPha)a,
BusSnCH=CHCO,Me, dioxane, 100 °C, 67%; (q) benzyl carbamate, NaOH, t-BuOCI, (FDHQD PHAL, K,OsO. g)Hé,
n-PrOHM,0, 60%; (r} PhSSPh, PBus, THF, 60 °C, 73% (s) Raney Ni, EtOH, 70%: (i) NHFeHF, DMF, 60°C; (u) MOMCI
FProNEt, CHoCly, 98%(2 steps); (v) Hz, Pd/C, EtOH; (W) NsCl, NazCOs, CH,ClyH,0, 67% (2 steps); (x) NaOH,
MeOH/H;0O/dioxane



SVELEBBENE 11 ELE. B-7 2 /BIX Sharpless OAEFT I/ ROF VIR
hERBRIGEELTARLENBN 212 L8 . KBEEZ 2N T4 RIZERL . .Raney
S NVTHRMLUTB-TI/VBIATINELE. BOWTHREBEEZZERE, TATI)I %
MAKDBLUTHILR B 13 257,

RUZ7IVOERICIT, YHEETHRINEZANKRC>7IRBUEABEICLZ =K
FIVAREEZFALE, 2737008 14 O—FDOEFEDHAE Ns (2-=hoOR
SECANKZIN) ETHREL, bO5—FHDEFEL2 Boc ZETHREL., 15&L7k, 15 %
FHNaA—=) 17 EHXERIRICEZOMEEL., 18 28/, BOLELEHREERL T 18 D Ns
E%E Alloc ZizE#%, TBSEZ2BREL. 7NVa-=)b19&LE. 19%, 7X7)1
=) 20 NSRBI ESND 21 EAERBICEOEEL. LT Boc ZEEBREL TR
U732 23 28R L7%E. HBE 17 BRRUVT7IVEBANOHBRRE. RU¥ENIZH<
7575 MEICDWTRILTWS,

a,b c Ns d-f
HNe_~_NHz —— s BocHN._~_NHNs — BocHN _~ N~ ~rps ——
14 15 HO™ ™" 18
Y
HONNAOH 4
9 Alloc h
BocHN o BocHN AN A~~
SN0l NsHN__~_.OAc Ns/\/\o Ae
19 o 22
I kT N nlloc
HaN__~_OH I o
20 23

Reagents : (a) NsCl, EtOH, -20 °C; NaOEt, 59%; (b) Bocz0, EtsN, CH.Cls, 99%; (c) 17, DEAD, PPhg, toluene, 94%; (d) PhSH,
K§D , DMF, 89%; () AllocCl, EtgN, CH2Cla, 83%,; (f) TBAF, THF, 89%,; (g) 21, DEAD, PPhg, toluene, 80%,; (h)TFA, CH2Cly; (i)
n- uL?‘ TBSCI, THF, 99%; (j) NsCl, NagCOg, CHCla/Hz0, 96%; (k) AczO, Pyr, 90%

FR901483 D& mMH%E (HAEE)

FRO01483 (1) 1& 1996 . MREBO TV — T &> [Ho .0
T. Cladobotryum sp. No. 11231 DK L D BB x h % MO b ﬁ\/O/OMG
BegHHFfchrs. BECERELLIN 2RI BH S
BHEAL., ERETCBBELEARRROBEIS KA -l
HAENFPEINZ . BRESBELRKENWEEEHOED, Me“':ﬁgmmm
ZLDERILEZEDOEEHZED TS, RLIEHERMD
BAOFEEGARBEATEREERIN—MNOHBIEZEHELARAEICEFLE.

ZhORAFETIZUIEBAFIND Michael AMMIZE>THSNE NI I XTIV EHE
MBTLTSV7YL2E0LE. RWT, 2 % Dieckmann & ICEDTX FITAFIN3 &L
2o 313MAKLMBE. MREBICEXDITIMACEBRL, SHICTAFIVITSI—I 4 LT
BERELE, FO%, N-7UIE, 7=V ORRE, /9B EDTX N7 TER
5LULkE, 5EXRDECAHMERD CSAZANVWTMRTSE, B—4ERMELT6 25
BZEMTERE, ZOXSIILT, 3REEBBREFEITLZ2HMME 6 ORRERFERE
BRI)V— N E2HILTHIEICRIILE (Scheme 1),

FR901483 (1) DEABREZBEBETZ/OT., RIZHBEBLONEBRNZEAZRK
MLz, £9. 7IE—=)L 6 OKEBEEEZTEFILET/REL . NaBH, T convex EMN 5
TrhE2BRTL., BoNETNI—INEARNEFAFINETREBLE, RIZ, TEFI




Scheme 1

MeO,C COMe OH oMo
1. methyl acrylate (4 eq) NaH 2% 1, a? NaOH/MeOH
DBU cat. MeOH 110 °C; conc. HCI
CH;NO, ———
2. Hy, Ra-Ni NH PhH, 90 °C NH 2. CSA, HC(OMe),
MeOH, 60 °C MeOH
o)
3
MeO_ OMe 4 NaH, allyiBr & o
2.CSA "
acetone/H,0, 70 °C CHO cat. CSA
NH  3.03 MeyS N PhH, 80 °C N
0 o)
4 5 6

EEZREL. Swern B{LICED S R 7 &L P2 TONRTARFIRUD)EIRR
DNTIR, A7 R—IVRIEZBRELENRILAENS =, £FIT, U T ) —
WI—F) 8 &L, TZATNVNTEROSFFAT7 Y =)L & Me,SiOTf ZHWNE &
CAZBDT7INR=ImERESN., SXF—Zw T IVERICED 9 & L7=, (Scheme 2).

Scheme 2
o OMOM OMOM OMOM
1. AcO TMSOTf 1. ArCH(SEt)
OH 3 Nebni, ! 0 EtN | OTMS ™ TMsOT! -

3. MOMCI CH,Cly, 0°C 2. Ra-Ni

) 4. K,COy h Zre N
5. Swern

o o o Ar = p-MeOCgH,4

6 7 8 ]

9 DANKRZNEDEBTIZ, BEOERATREOLAOT N I—-)2E5EX5M,. I
DIV T AERWS EEADOTINIA— ) E2E5EX, o7 Na—)VETEF)I
ETRHREBL 10 LLEHE. AMFIAFINEORE, kKBEOREEZR TIRTOLE
EZEHBEL=FME 11 2ERTHIENTER (Scheme 3).

Scheme 3
OMOM OMOM OCOAr OPO(OH),
1. Smly,MeOH
HmlgAITHF Ac 1 TMSCI, Nal
"o 2. Acs0 Py 2 ACOH | DNy, T
N | o0, Py DEAD, PhgP
o Ar = p-MeOCgH, Ar' = pNO,CgHq MeHN
FR901483 (1)

BBIRTIIAF - ADORRWAE (HBEEF)
DRTSIAFU-A (1) T, X/ H¥5T#
DEDERD S HUE N B KT OB ENE & /”A/\A“/WAI
LT, BRESREINEZVRUTZ7I > MFY <
CTHD. 1 EBWEMNEANDD, 18 BER
D7IVEBE, RAMELTRHERIEHEE
BD B-FTI/BEALTNS, RLITUFES LWW“““”M”
THELE-MOXREANFTZIVE (Ns £, 2) ZAVWE2RTICONBRHLRES
REDVEANT1IOLZERICEF L (Scheme 1),



Scheme 1

S0,—
SO.L1 Ns = (I SR*
NO2

g7 : "

?' ~p
i) N

R” S0, PPhyDEAD R SO R'SH A's_ 80,

@,No2 < B ﬁjnoa —— NOz

£F. BERI2HABREEZRNTIEDETINILEY S DEREIT> = (Scheme 2).
£TS5H A NE Ns EERAVWE N-TUhFIMICEDERIEERI LRI > TRILY
3R, 32REBEIULEETMRL T, BNRTRILE 5 25T 18 BROMR
WCHRIILE, E70a—=) 4 U TRARRIEEZT W, BILE s 2E77%.

Scheme 2

Me
COzallyl

e
Ho_ NHNs N cﬁcoal n-Bu.NI
j\ \H gNNs o} m(fora) NNs o}

NHNs PPh3 DEAD
5Clo-benzene

N. NHN
NH s\/\) ° NsN 3'9 % (for4) NsN
Br 3 (X=Br)

4 (X =0H)

¥, VAZERKEGESUR T I/ BEL2OEREIT> % (Scheme 3). XHEBLA
DHFEINC LN HEEEEELT 6 2B%, T, ¥XHARAETHEINLFAT
AFINVOBTEVERAVWT I TERELEE, Wittig RISBCED I AZERKEZDHD
B-7I/)B7EBRVIHEL.

Scheme 3
1) Hp, PAIC EtsSiH

PLE Boc,0 EtS Pd/C
Ozc/Y\Cf)zMe —_— \U/\I/\COzMe —_—

Meozc"ﬁ/\cozue
NHCbz phospiiats buffer NHCbz 2) DOC EtsH O  NHBoc

6 70% (2 steps)

1) SOCI
CgHyg(Pha)P*T" o
OHC/\(\COQMO _9_1-'__- CBH“\=/Y\002MB L))—IZJN.- CaH17\_/\|/\Cona
NsCl, 3

NHBoc LHMDS NHBoc 56% (4 steps) NHNs
7

Scheme 3 TE&MRLE B—T73I /87 2HANVT, EF)IWLEY 3 LRAKIC 18 AROD
BELXToREEZA, PTHHABRRIENETL 1 OEFZEHBEZLDORILE 8 Z2AKT

& 7= (Scheme 4),

(1) (a) Onuki, H.; Tachibana, K. Tetrahedron Lett. 1993, 34, 5609. (b) Onuki, H.; Ito, K.;
Kobayashi, Y.; Matsumori, N.; Tachibana, K.; Fusetani, N. J. Org. Chem. 1998, 63, 3925.

(2) (a) Fukuyama, T.; Jow, C.-K.; Cheung, M. Tetrahedron Lett. 1995, 36, 6373. (b) Fukuyama,
T.; Cheung, M.; Jow, C.-K.; Hidai, Y.; Kan, T. Tetrahedron Lett. 1997, 38, 5831.

(3) Ohno, M.; Kobayashi, S.; limori, T.; Wang, Y.-F.; Izawa, T. J. Am. Chem. Soc. 1981, 103,
2405.

(4) Fukuyama, T.; Lin, S.-C.; Li, L. J. Am. Chem. Soc. 1990, 112, 7050.




Scheme 4

NNs __ alylalcohol NNs

CgH, 7\==/\I/\ CgHy
COzMe ™N—=""Y""coH
PPhy, DEAD 2 1) 11(01-?:). 2

CegH,

COzMe T PdPrh.
NHNs H )pyr(mligs)lm; Br.
; B 88% (3 steps)
NSN\/\j NsN
H
CaH17\=/Y\rrN CBH‘ITE/\'/YH
NN:
pivaloyl choride, EtgN; hNs O C8,C0y, n-BuyNI s 0 j\
——————————————
Br. NHN o NNs
HzN’\/;‘oNt’ENs.EhN ° MeCese. ©
NsN NsN

8

FAT7IREBAVWEHRS O R—IVAREOHME (LT #)

A R=IEBREIZORBYIIEITNTED., G LB LXBARENEREINT
Elee LML, EDS5B0%< 13, EBHBRVEED LS IIEESELGELELT S
O, BHRBRAVOERICILTLUBEATER N, B, Y¥HFEETEZIVRNIUD
1 DSPANRIERBERNWZEBMZEMREZMAEL Z(Scheme 1)’ ZORIEEEIZ
LTFAT7IREZEANE 1 BT 23-“B%BA > R—IVAEREOHREIZEEL =,

Scheme 1
R BusSnH Pd(0)
SO NG w. ¢ wlk
NC H SnBuj R
1

N

¥F9. TROI—RT7ZUCHSERRLEVAEF A TIR2 2 AIBNEEF ML
SHAXERY REMBTE L HMIET 2 23-F#fi1 O R— ) 3NBERNRTESNE,
738, AIBN DD DIZ E,B Z2AHANS ERGIIRIBTHET TS (Scheme 2)¥, £/, b
FSOABERAVDLERIGEE., NERKIETTE2Z N0,

Scheme 2
— OAc  BusSNH (1.2), AIBN (0.1) on
@\/_\/ toluene, 80 °C, 5 min ¢
NH 93% |
nCsHq4
P ety BusSnH (1.2), EtsB (0.1) _ N

2 Iolueng. i, 5 min 3

VAFV T4 CERETHHBREOARICBELTIE, F/U2 4 R 2-3—R7 =2V
10 EHAVWLIMEREREEMETLIENTEE, 7. BAOHFETF /U2
FATARAT > THRL A EDop-REM TN TE REL~#. NaBH, TETL TA
VFXATTER—b 5 2/, KEREZRBL %, REFIZAMTEIETFAT I
K8 KEHBLE, Eh. IVFFTTEIR—FEMKLBLT U FX8E 9 L. X
WTY I RIZEBLTHNS Lawesson MEEERAIVTFAT7IR 8 AL BT EHTE
7z (Scheme 3).



Scheme 3

Y N? Y NCS e X —_OH f A
=H 5a; 85% (2 steps = $” 'R R=AcorTHP
Y = OMe 5b; 79% (2 steps, v NH 8
2

X —__OTHP
c d
S o g
y NCS @f-\’
7 NH

4’] X=
4b; X =H
4c; X=0Me,Y =H 5&:82%(25teps)
4d: X =Br, Y =Br 5d:; 58% (2 steps)
CSCl; (1.0 eq), BaCO4 (1.5 eq), CH,Cla/H,0. b) NaBH,, CH,Cl/MeQOH. ¢) DHP, CSA, CH;Cl;. d) RMgX or Li enolate.

a)
e) KOH, t-BuOH/H,0, reflux. f) i) RCOCI, Py or RCOzH, DCC. ii) Ac,0, Py. iii) Lawesson's reagent, toluene, reflux

HiZ, 2-3—R7=2U > 10 EKH7 )V F > D Sonogashira RIETHEZTZzZ IV T EF
L1 2EHEABTICIVORIETT S HED R L (Scheme 4).

Scheme 4

R @fan'
@' a (f, b @\/=\R‘ c NH
NH, NH, NH, - s)*sa
10 3
a) HC=CR', PACI,(PPha)s, Cul, Et;NH. b) activated Zn, BrCHzCH,Br, (CuBr, LiBr), EtOH.
¢) i) CSCl,, CaCOs. ii) RMgBr or i) RCOCI, Py. i) Lawesson's reagent, toluene, reflux.
FROFEEANVWTHEHLADOFATIRERRLA R ERRIEZITT>THRELE
IR, BRARBREEFT D 23-ZEBAOR-INBSND T ENSN o (Table 1),
RSB TEBMZEGT CTETT 220, BELRIEECARERERERE, A,
IZ5), THP T—F), YUNI—=FINRB-F 7T LNEEFARETH . £, FE
BECBEBBREEZEITZIHEECBVWTHEFRNETED S R— V2B ENTE.

Table 1

R !
BusSnH, EtsB ] '
" iFI toluene, r.t. (INIH
H

H
) BusSnH EtgB ) , .. BusSnH EtgB
R R time (min) (eq)  (eq) yield (%) R R time (min) (eq) (69) yield (%)
Me CHz0Ac 5 1.2 0.1 89 CH,CO,Et CH,OTHP 5 1.2 0.1 94
nCqHg  CH,OTHP 5 1.2 0.1 83 CH,OCH;  CH;OAc 5 1.2 0.1 78
nCsHy;  CHo.OAc 5 15 01 93
8s CHzOTHP 5 1.2 0.1 93
c-Hex CHzOTHP 30 2.0 0.1 84 o
1-adamantyl CH,OAc 15 10 0.1 36 n-CsHyy n-CyHg 5 2.0 0.15 80
Bn CH;OTHP 45 5.0 0.4 66 Me CH,CH,OTBS 15 2.0 0.15 75
NHCbz Et0,C, CO,Et
Y CH,0AC 5 30 01 82 Me w 15 20 015 68

Me

(1) Fukuyama, T.; Chen, X.; Peng, G. J. Am. Chem. Soc. 1994, 116, 3127.
(2) Tokuyama, H.; Yamashita, T.; Reding, M. T.; Kaburagi, Y.; Fukuyama, T. J. Am. Chem. Soc.
1999, 121, 3791.
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1. FL®IC

FFS52K) LVWIOIBVLWEERH LN, FRICBVWTLHRAEZITEHLE S & — LA
BHALTWD L, FRICHAWBRRICHS DT 220355, Zhidnits, LJE «rtL¢6<ﬁw
BHILTWDE, FLERERLEZIRTEZRSTL2055, Din. TRBIZETIET) A
TRFTOTI, 2R ELABARICBOTIRAWVWZ EiIxRonb AR L, #RThr< by
<E0#7;5?17T%L<T-Wﬁﬁ@<ﬁﬁbﬁwoAﬁff@%zb~wﬁ&mé%%t
TefER, EDO LI RERR O TZNCONTIREA L,

2. 412 F=LEREDRSE
1993 HEIZSH L LI ENBA Y= NINAD T PHAKIEE VA Y F—LAE o x
2,3~ A Y F— L ONHUEDOENERIEETENL TS 2 LN TE, BIE A > F—A %
BESZ LIZLEY, ZhEA VY F=ATAhas ROSERISET L TERLL Y ORES HTF
ZENTEIB, FRERN S (£) —catharanthine DREGRINEIR ETA > R—1d 2-f71z sp®
IRFEH AT B O CIREETH 2 2 L aVHI L=,

[::jI:**;/H BusSnH [::jlj*ﬁgbﬂ :::i tj“x
NC AIBN N=C_ Sn

Bu
SI'IBU3 8
l BugSnH
r R NIS or I,
N
H
R
- X @L—f
7 R __RX.PdO) N S”BUS SnBus

H R Stille coupling

BREZETEOREL VDI D, EDBREARERS>TND L) &), —BIBED-L8 KT
MAMATHERDZFTELENIEMLLIZT A4 FEWI b ORH 5, BECPLE NI - ZHi v
Z EDBROD Golden Opportunity 23R o TE LB HIRXTHD, L AR, 24K L IS TEUn
HLEEMESERE SN, 222 2SI A < THEMESE L BIBREVKAYE . RO 21— K®y
DE RSV T THERY) OGRET L2 L ITRRDBERNRGH D LR SN TUD L E 93 %
R HND, FMTHE S = F I 252 5 & O &7~ 72 First Total Synthesis L ¥ (%,
WHREHLDNH 5 Tenth Total Synthesis DI AN EFRIEVE S | WBEIZ I L7112 SciFinder
TR ZETEEFE LR D XL 0L, HE 7 VAR S TRIPHEH AV £ 20 TR5 H LB
O LWEEN - ATHE AT 52 & %> TV 5, Catharanthine &% O REED g5 11,
FHAA 2 R AR EDERIC Z72b ViR E TRMARPBVENE RN o0, O koL L
5 Barton O 7 U ANMBRFLSIE L F U L 5 RGN, F47 I FIcBWTHESD O TR



BlFE AT, RHFOAF—AD LI REIGEITR-T- & T 5, RAOER TR
e

R >R
H  — R

AIBN

N SSnBuj H SSnBu3
. I / ' Buaan
H  co,Me y
(+)-Catharanthine @m\/\ﬁ R — BugSnSH
N” R
H N R H SSnBus

P R A v F— LA RRIEIXIERIZ AT TNV T, 5 ‘ﬁf{Ahi?fTﬁE&HE:f;oTAEEL
7= (<) -vindoline 72 E X LB B S IZH K TE 2D T, HiEZ LV E<EELT,(H)- vinblastine” |
N (<) —strychnine” DZNRAEAREZ ER L CTHAMEZ RS Z &M SCET,

Me 002Me

(-)-Vindoline (+)-Vinblastine (-)-Strychnine

3. (+)-Lysergic Acid D2 &R
. A v R LA RRIEA L LT BEBEICAR -T2 80 D DI THRND,
LY R—=ATAIOA RERD LRI ENRDDOTIERONERN, ZAT Vv A R OHERK
(LA TH D lysergic acid (VBN T EE) OIFEEEEZ G L THD I EITLTZ, 1954 I
Woodward R OLERAZEMR L TUR, BIEETIZL 1 HEOLESEBRHRE SN TWVWDH A, AEGER
1205 & 2004 EICT B RO SR EAZIE AR TEEAET 5 2 LI Lo T TIEAE
%&H%Wmmmmmwémmwm%éntaEk%@i#&mﬁo&ﬁﬁﬂ%ﬁ%ﬁmof\
S v F—AARRIE A L L. 2 FN Heck SUSZSEUG & 32 MRBIRMERL— b &
1 L7z,

CO.H
HO,C NMe
. H | Br - CO2H
—=> B NMe =
H S
AN H Me
N | NC
H N
H

(+)-Lysergic Acid



AN, wOARED (LB I (52 THHIN) YRETTLH2H0LBoTWnizET
LVERTHILAMNEONT IR o7z, brotELORARVO TR EL 3T VEL
ThbholR ) EL VR, BAL BIOFEAED BuSnH ORD VI EtSH &2 Hviz & Z ARk
DEALBHEIT LT=D T, BE 5L BuSnH OFEBME T L TWzO Tk nin b o Tng, 4
DR FREANDOTIE? ] 20 BOVREDMREZ DT O LIFEDRVN, FEEREGREGLD
TED Y 2o =0T, BHEOLTHIOWE KNI 2> THhDHZ LI LT,

+ (9]
Boc

‘NJ( BusSnH _N
o AIBN Boc
A —_— %
MeCN |
NC

Heck BUGIZIZH > TW=D T, CCHEAE CNERZ TV VR Yy R TR L TAEZLHEBEAWD TIT
RhE BT, wWbhwab, Ty AiliEA V72 Heck-Buchwald UG T lysergic acid D&
AEHE —FIHEET HDITTHDH, & ZAHMB, OO Heck-Buchwald BUESIZ AN 5 ] A4 /L B
DEFZLTEREINTZB-T I ) = F AR B EEROMIERGREREENZ LKA D0 T, #f)
i kit 2,6-dibromoiodobenzene M A U FE-VU F 7 A AE LT, B o6 2 6-dibromo-
phenyllithium A= hua AL 7 ¢ VM THIT BB HOLNLOED, RN A 0
TETLEIOTRHAVWNEESTZZ LIFFEETH DL, BREFTE TN, £ RDIMITERER-
THRITNIERHE RO L, BROYPMERIZNSMELC-o ThilibR NN IKBEI L o7z,

Iz

HO,C

~
NM& H
N
Br l}l
N = = X
NHY
H Br
(+)-Lysergic Acid @
= =
B H H

@: - @[Li N X - X
Br _No, 5, N0

5 VIR T THF Z BB O TR ROS DB L7203, FEREEEECcdh 5 Mo 2 v T
nBuLi OFSMAZ%E L, = bt L7 0 &Ml ZAERMIIAIEEEED Z N TE I,
RNIY ASUSIT RO THARTNIT L WO HITH D, TR TIEH DM, THITRNEZ2H
BREEIIR S TH b7 E, FAEPEDTEL TR THILWRE LT ob, [RUPFAL R
TEDLRETENLGRODTEIT) LE-o2hb iy, LaL, RYD L ZAIFE, FADOREZH
PP Y v EHS TR T LEIPENRIIGFETHD, ETCOILETRTCEDLIRARATE
LTIV L, BORRO-, TAHAIEWI EEFZIT LD LRE LTV ORFEERDIZND,



Br Br Br Et

Me r E);Léepg Me Br it Me Br

15 min

T ORIE R T #) ~lysergic acid DA KA L. FFO 0 Heck-Buchwald 4 7 VB & &
BISHEITLTEAREENRTHIENTEL,

OTBDPS OTBDPS
COQMe HO,C NMe
Pd(OAC),, PPhy
052003, ElsN
EtCN
reflux
Boc

71% (+)-Lysergic Acid

4 . (+)-Duocarmycin ADEEHE

i lysergic acid OERMFZE THA%E L7- 2, 6-dibromophenyllithium = F A L7 4 »~D
FEINES & . FUc#E< Buchwald LoD C-N FEATERUGIE indoline (2, 3-dihydroindole) d—ji
ALY 9%, 22T, (#)-duocarmycin A DEGHIEMATHZ LKV ZOFAEL R

HTAZLICL, LT XD it 21772 > 7=,

COQME
Me.,) O

HN HN

OMe E>

o H OMe 0
OMe
(+)-Duocarmycin A

Br _ Me,,
Br ~—OR <OR HoN
Ol &, L0 <
RO N
RO Br P

RO

~—OH

HO N

Lysergic acid A ROEHIIIH S O RFEZFIHT 5O CHBEIZZ2 H22M > 7273, duocarmycin P
AT RELS SR L TBLERL S, e D/ T D0 AECY Yy REHWZR, £51LT
LHMWET ALV R v AENRTEDL ZENTE R olz, MERAEENSH LT, KEHK
AT BTA. AT U8 (Cul) ZMXTAHEBEME Lz, TNIRIRVERESH DL LWV
5bFTH 72 < . Liebeskind 23 Cul #AMZ LV Stille By 7V FHBME#ET L LWL & L



TWeDTY, O ko & L6 Buchwald IO RISIZBW T HILEZENR R SN DD TiE2Wnhnd »
IHGFRERN ST o7, MELTEDOFEAIZE I Eolz MW THRIZEZ A, Cul ZEANT-HH
WYy L BEDSTEOTEOIOITMAT DRNCTLCZF = v 7 LIz bF ERIER KD > Tz v
I, B AREFHEREFEL T,

5 OBn Br OBn H OBn
;
NHgn G PdO) zir{ . /@CC
MeO N MeO N

MeO Br Bn Bn
reagents solvent time temp yield debrominated
Pd(PPhg),, t-BuONa, K,CO4 toluene 3h 100 °C 28% 7%
Pdy(dba)s, P(o-tol)s, CsOAc DMF 4 h 120 °C 34% trace
Pds(dba)s, P(o-tol)s, CsOAc, Cul DMF 5 min rt 66% none

S DI Z ORI 2 INENFR (?) AT NI L TWien EfEE L, Cul & CsOAc @
MAGDOENEBNI &L BFRNAA LZEEEZ WA END D Z & A FAUTHRE Lz, #ENIT Cul
EANTHARESG, S LEOIFRES, EE0EMMIC 2 EFTREIE TN LT EDbAR N
STy AT T I, TR, b2y BIGRINETERIE L, ¥IZ onitrobenzene—
sulfonamide (nosyl (Ns) amide) WHZNTH D Z LN 72", FD%, I3 7{biEZ H sy
FRIBISHHETT 5 2 & & RO MK DMSO 2 AW AUZEHF IR T2 B ER RN & b0 0ho 7Y,
LW 2 RS o TROFAZRIZ, BB ETWDLMICHEE S LWEIEZ R0 T odo Nf-H o TE
WEUER ] EAFTTNAZ EZFESTWD, RELTLHEES > TNDHMR, Z O Cul-CsOAe 12X D
HERT I MERISIEA 237 MZBWTIRELEFEFERR S, FRICIFWEETH S,

DMSO )

H Cul (2 eq)
N.g CsOAc @j
S0 \
Br

R

R CsOAc (eq) temp (°C) time (h) yield (%)

H 5 rt 1 47
Bn 5 rt 5 87
Bn? 90 24 83
Ac 10 90 24 82
Boc 10 90 24 82
Alloc 10 90 24 75
Cbz 10 90 24 77
Ns 5 90 1 92

aCatalytic amount of Cul (20 mol%) was used.



Z D Cul-CsOAc IZ X BN BHHFERT I /b % 3EHWD Z & T(+)-duocarmycin A D42
BRAER LY. X SIZ5EKMED (+)-yatakemycin OSRRIZIB W TIEARIGE 5 7 FTD C-N FE mﬂ3

ARICHW TV S
CO;Me
Me.) O OMe
HN_ |
o]
(+)-Duocarmycin A (+)-Yatakemycin
5. 8HYIC
B> THESLE5]| k> THEKRLWFENRTRN TL 2RFEITERR, L, ﬁi’l’%%ﬁi?&:
MOIEY BT RTINS ROonbRWER S, Z O T, 28 X7 728K ﬂ«?%/*zb

BT, BOIDPOEZPRRZITWAL IR LEZRSTWADTIEARL ., BHYED EUDhé(
<EH) BMLWHRTHA LU - TW=ETESENWTH A,

)
2)

3)

4)

)

6)
7)
8)
9

SE X

T. Fukuyama, X. Chen, and G. Peng, J. Am. Chem. Soc., 116, 3127 (1994).

H. Tokuyama, T. Yamashita, M. T. Reding, Y. Kaburagi, and T. Fukuyama, J. Am. Chem.
Soc., 121, 3791 (1999).

S. Yokoshima, T. Ueda, S. Kobayashi, A. Sato, T. Kuboyama, H. Tokuyama, and T.
Fukuyama, J. Am. Chem. Soc., 124, 2137 (2002).

Y. Kaburagi, H. Tokuyama, and T. Fukuyama, J. Am. Chem. Soc., 126, 10246-10247
(2004).

I. Moldvai, E. Temesvari-Major, M. Incze, E. Szentirmay, E. Gacs-Baitz, and C. Szantay, J.
Org. Chem., 69, 5993 (2004), and references cited therein.

L. S. Liebeskind and R. W. Fengl, J. Org. Chem., 55, 5359 (1990).
K. Yamada, T. Kubo, H. Tokuyama, and T. Fukuyama, Synlett, 231 (2002).
K. Okano, H. Tokuyama, and T. Fukuyama, Org. Lett., 5, 4987 (2003).

K. Yamada, T. Kurokawa, H. Tokuyama, and T. Fukuyama, J. Am. Chem. Soc., 125, 6630
(2003).
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BERRADOEE KRR
BURKZERZBIERER @l &

1. [FLCHIC

B H2T ERROERY A MEZILAFEZEEICE T2 DD, STIZOWTERH L
o, L. BEEROMOUIY BN BRITE > THLERICHE X a1, FAIMEEE
LTHWWNES 7 TR Z A by 22T 5701, B DA OW TR L7z
DO o RN RRDODBETHDH, YHRETHBE I NIA v F—ILEiEE
WA U R=ATiaA ROEREMITS HOMEEET, LWOIFERBMIATEL L,
=haR_RBUANT T I ROLFELDRIONLV—T 4 AELLTEZOT, T b
faxi-, RELFONEI THDH, I UE (Cul) LEMEES YV LAZHWEEFRY I/
(LI FER IR AT, BERICITR VWA =— 7 R BB ERRY BN AREIZR>TET
WHMR, ZHIIVEEDOIIRS VAR LA THE LD, . ELIITHaELTWDS,
ELEDLNBZDL (R0, ZHEDLNRVEIRBIITNE) Leit&bd, EWnWHZ i
T, DULBRAEEZ N33R EBELTHZ LT LT,

2. (-)-Eudistomin C D&&RK

Eudistomin C (1) % 1984 fE|Zdb KIZLEF O /KIE — G434 U 7 A M SEREED Kenneth
Rinehart 54D % & THRA K7 2 SN TWEHHT, I U TYEEDORKRER Y 2> 5 HE - #id
RESINTZ—ED B-ANVRY T AIaA RT, eudistominE (2) & RERICERERHTY
4 IVATEMEZ R & & H1T oxathiazepine Bt & W H D TRBAEEA AT 5 Z & THEH
RN bEmTH LY,

O CH,OCONH,

XY Z

Eudistomin C (1): H OH Br Mitomycin C
E(@2): Br OH H
L@3):H Br H



T-HERFFE D A B4 L I ETFRAED T NV—T13 Z OBBREWRARY D LG RRIC
FEHEICER Y L. EudistominL (3) DOHIOREA 1989 FEICHE S Ni=?, T D3
A F =T HIBFFE T OME— DRI AIT oxathiazepine BB OIEPZBENZ L THD (4%),
FEIAARFTE—MWMHROALA LV F—LEAEREZHEETIUROZ & TH DM,
eudistomin DRAMITITL B THIRMB+0H 5 LBV, MEOT A 77 THEKT 52 &
Wz L7,

NCS

CH,Cl,
, ~78°C.2h

4%

KET 1 EMETNVEREZITR T2, FELN L, BRENRERIIFEONTZHDOD,
ZOMN— N TIFFIZEROMICEETE 2 L METE D L O AR E LLRRIIE LR
ST, 1996 TR KD FEBREN5EAM L TH D YREBF72 - 728U S AR &2 5 S N T
HoHoEMN, BV ERTITME L ENDENI Z LDV IELIE Tz, OIS L—
FOEP L FREICE LA THT, FNEEDERNSTFHED L 5 2L B2 B3V,
Eudistomin [Z 72 & Z AN+ T, 2 LLRZ TSR IZER T2 THAS O &t
S RTWEN, fERFERTDHETIZ 6 Fii D EZBESCTIZED TR IbWHFETH T,
THERBEDZ LA mitomyein CIZHEADTEA D, M+ Thh EEHZESICRZADT
D, 2040 FIFZEDORITMA+HH DTN —T N/ RRITHER L7223, 4 F TITHI) L7cDiX
BEEiD R ANGE LRI 2 FV—F7213Th 5, Eudistomin (IZBH L TIFFELZH D 7R
ATKIZADEDOHR | TR DT TZOENR, ZINREEROEHENWEZATHDH, LITH
S ARIC b RAREZ B T LEZIEMEICITARE HIT 5 Z EBRHEKRVWDOT, firél
RINIEE NS Ly v —D T TENERERHERL SND, ZOMEDOKRET, Kix
FTYEHNOBRRZTLAIELHDHDOE, LITE X, Z & eudistomin (ZPRD &, HiT
FERRETLE-T, I ESHENEE R L, —BIRWEFEIZIIALRTA T T T
RS THRIEBIZRDO—F L W) ORFENATL DDEN, TAT T REEICHBLTLE
StEH B2 =0F, [T, {TH eudistomin C DEAMNTER LIZD 2] &5 EH
IR A% 2R, TIEFRERICEVN - &, & THERARFEER & Bo THHICHE L T
BWe, EI0VOHST=TAT T ZRBHLTEEZNBE, 20, ALEPHETSH
LHFFL— "R FAFRNLT AT B REKETHH1IC 7T BRZEETHIERVOIER, t
Fex V7 I UvolilfesEx5 s, ETHEHELEAD LB, HL—D23FFA—1LD
(R ORME T, BIMAREEEEFE T CTESICBRRELR D DITLEROZ RN E, £ 2



[CEDFE TORRIERHITIHZGED DO TRIFTRERV, 2O XKD REE DRV R
HAITBNENTR P72 DT, FECLFESTICZIDOTATTIEEMIICLE D Z &iT LT,

) RO
deprotection

of P

Br

PHEMICE LTV D & ML EITIIMEA T NS B L, 2000 4ED 10 AIZ
AA AD ETH ZFHNT2E, HELFE L CTWEREDNIEN T LE o723, Tha— L ofRi#ER
(Z TBSOCH, ZZfE>TW=DT, E5R->THRHELIZOMEWTH (FEREE., 706
BRNWZERDSTEHLZDOETYH vy E (2B ATTY) M2V EMBRIZAE SV E),
FITEN SR o T=DEN, TOXXBEEMD FiEY 2 RI-Mz ey L&, T2l
eudistomin DERITHEZ D 1] &, IFEHE, PEIFHZEHR L TRESEALLIA, Z0
TATTIIHEFICOEL WE HH72< eudistomin C DR A ERT H = & HREY,
TORF—LICIEHRKITEM LT7- eudistomin E ODE2EFHKDO—EHEZRL TWHN, ZD
oxathiazepine BHESEIZ X r — LT v 712 b+t 2155 = L 5o 7e,

S0O.CI
TBSO SEt 272 TBSO Cl
< —_— <
H H CH,Cl, H H

S0,Cl,

MeO CH,Cl, MeO 1) AcOH
-78°Ctott; THF-H,O
AcSH 2) MsCl, i-Pr,NEt
i-PrNEt CH,Cl,
-78°Ctort
71% (2 steps)
71%

MeO

3. (—)—Kainic Acid DLEBRK
LR, #d# s CHENER LR SEEM TR ORRELADORIZIE > TWRE, B
A= VBRRERKRZDOTHERERENVESRERL - TAEDL, LEINTWVWEZDT, Zhb



FENSFTHEFITENLARLTHRL I DR, ERIEITAHICHDTLES T,
(-)Kainic acid IZBAENSHEBESNIZ NV F I VEBESARET T = M T, LAAiEE®R
ERERAI & L THW SR TV, BUE CIIAFRAE MR BB OV EIHEEME L L TIAS
AnsnTn5, BARTEOWAEIZIZIZHEBR L, 740 VBV TRESNT DN LK

xR - BRGE L7720 . BUEIXEM S R VWR I T A OEERERMETR > TNDHH L
o FRITE LK MERERIRNZ Y FA e sk R Z#REE LTHFEMLE
T(-)-kainic acid DEAMEK T2, FRPIZITZENL D OMEIZH > THRKEEK
WZENWTWARWZ EIZBATH - 712,

e

Me 002H Me OMOM OMOM OMOM
H s- BuLl THF;
3 HOQC

2 COH

Boc
(-)- Kamlc acid 81:19

B E TIZEH O (-)—kainic acid DEFRNBHESINTNWDLN, Ehb—R—E1D
ST, ZHBRRERE ! LWV DOREFLENONRERETH D, LANE. A E VW ZIE,
i & ik BREIZBET IS —HEE ThH o728, T bRV ERLDELERTZTE
5 LN TERITEE 2 OFEMESRIEN SRS Ehazn, MErLRTnEe?s
Z TV DBz, AR HREERCTEMIZAE SN TV thienamycin DAL H
KA HFEFERHCI LT, 7 U E2EHE L L TH TN S2 KK T C-C #EG 2B HUE LR L
ZEREELI-ER ) CUBKROMENTEL L, ORI BREGRERILIENRMoT
DTHEHAZEIE-oT-, LL, BEEIRPEFIVELLST, 7IV2EADANVT A IF

OTBS oTBS R OTBS OTBS

N R'
Me)"" OAc Me/l"’* > ‘(38?:{ 2 Me F{
m Ij;> NHP E:> [ /Jj | E> CO E> (-)-Kainic acid
0 HO CO,R \ >
P H

commercially
available

WU TIEMAL LS, ZATAT =F 045+ S2 RISICE D r Y UV BRIEEIC
IR L e o Tr, EBRBIAICEE T 2ENEZ K> T DI, IBATHZ ¥ Tl
X720 LD ORERAIT, KBS D & Wo TIREEIZEN TWA 72T 7R HEslk A
2RIV, ZOBREL. TOAXF—2DX )T a, B-AAMT 7 b AZHTFHA~A
AR S 24T 208, BE RS H R e v A ERTFGHN D O TRV & W S HIFFH R
Tl M~vATNAVISICE D7) v ra=y hORBBEE W) REO TV F b H o7,



[RFDIVIFECHHG L) OB, ZORKISITHFHFE ITETLTIARF I NE
DNHALFDN kainic acid ERICVAEHRTAERM E L TEHEONTZ, ST, 297K >TH
5L EffiZe (FIIAAXANOTEBLIZO TEALIINS BROPLR) B-T7 7 4 hExiH
BT HOTIEARL, bo L ZMICEL GV — FEBR LRI AVERHTW
Do ELLKITHEETORBRELALNW) ZET,

OTBS OTBS CO,R OTBS oTBS

OAc
J;( e J;f ~ Hv\lﬂ con & lfcozﬂ

OH NHP co2
H
ot o
: r
COzH CO, R COR' _CO,R

(-)- Kalnlc acid

4. (x)-Morphine DEA&ARK
HLKBADEDIN—TI—=FT 4 7T, FAMINOT LB T =2 a2 L TH
AT 51 LB DEN, PR HOZ LWELIT H ORI morphine D&% R TW\WT 4
Y| LBot, ZHIEFLTZH A strychnine DA RRICH Wz HREAZ M 2 1E, im0
RO LB BRICER TEE IR ATL T, FAORKRIZILEDOZET, Y797 L TROX
I IREARHE AN T, UL, KERAETHEZZ D 2/37 V0 Ml % 72881
JMIHERHZFENDRR o TWBTEA D & I —T 4 71T SciFinder TR THDH L, &R
DIE 2000 - LAFEIZ galanthamine DA FKIFIE T3 Z A —TRHNTWTH X o2& H v h T,

M MeO
- €0 OMe € OMe
oTBS
Pd(0) OMe OMe

—> 9 i > ©, |

. OTBS .
| -, 3 NHP
MeO” OMe

intermediate
of strychnine

(-)-Morphine



Morphine M &AL 2002 4E1Z Trost AL LTV, LL, METREANRSE 4D D
DT, KRERAEDTa =7 L TUIRAWE Bo TREMMELBBT 2 Z EIC L,
PHEOBEREN-T2E VNI Z b H DD, IRIEZOAKRFEIZH T2V — b TT7E® IEKD
morphine &AM 2 FITIEENK T 5 Z ENHK-, FEFERERITITEENMTHLB,. 12
IREBRbHDH X LW ZETIRA LIz,

5. 8HYIC

4053 E VI EWIERIOF TENTE T ERRIZOWTEBETEANITIHEOE N AT
HOEM, THBZIRTAT TR T CIZEITIIBE S ), IRATHLZ X TlRE T
HRW), TEDORBRERFICL LD REDHINZEK LE > TWETNEENTH
%o B, TITEHETLHEARITIOT-T o> T izbid - FgeA & LR B 2
%, MERBT, EHEAFHMRRKEER L ORFEREHE T L —ORRTHY . T TITEH
L72uy,

S E Xk
1) K. L. Rinehart, J. Kobayashi, G. C. Harbour, R. G. Hughes, Jr., S. A. Mizsak, and T. A.
Scahill, J. Am. Chem. Soc., 106, 1524 (1984).

2)  (a) M. Nakagawa, J.-J. Liu, and T. Hino, J. Am. Chem. Soc., 111, 2721 (1989); (b) I &
-, BIMETE, BB, HHEESIEF 5 48, 891 (1990).

3) T. Benneche, L. L. Gundersen, and K. Undheim, Acta Chem. Scand., Ser. B, B42, 384
(1988).

4)  T. Yamashita, N. Kawai, H. Tokuyama, and T. Fukuyama, J. Am. Chem. Soc., 127, 15038
(2005).

5) Y. Morita, H. Tokuyama, and T. Fukuyama, Org. Lett., 7, 4337 (2005).
6) HaTO#EE © J. Zezula and T. Hudlicky, Synlett, 388 (2005).
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[HERK |
WK RKF R LR R #HR @l 5

HEKFOR)|—EBSAMDE FE O RN RER DR EIFRIME 5 E 2T TUZLWE
VOEFERDHY T LB EIZR > TLE -7, @ EIMELRERICHE Lzbid Tidi
W, HE LT X IRAY — 25 TEATL LA TWRRE LY BUERM R K0
BRI TV A EIANRDIFREDE FiZo7-LX 2, N A2 (R, BRTHED) %
ALLEEEL TEROIYZHFAL TW-DZEIZADD LER A2 ThD, LA, A
FITbZ ) OFREF I, HEOTDOIIRDHID2GE2EI TE O TZILOESERESN M, &
RPEFEZIIENTHoTbDZ R T, BEHIZMEIZZA R A L= FITET 20 !
STEBWILIZDREN, MROFBIRATLTEWZONIFEE ) —F Thbd, 5%
TR FEREREZBEIRDPLAEZITEMNE D ANZH | LIZER IO WU A4
BN TEEFNC RIS AT R ZFES IO ATEAD 2

BINSADGEEE R D RARLL TA— VIR L TN O MEE IR EGEMZ ST
ERKRETRAEDTR—IIZ R ST DT, DI EORITET ET RN E 2> TET,
WRDFEL T 212> T, Z7 Y BRTE—ALLWRA TET, SbBA TWALIR2E
M2 CEEETHDOEND, BB OB CAE —FF 0I5 FALHELE O TRWL IR
RBIZRDATREMEDHHD T, Bl B IZFEOREEZ T 508 (RADY) DELR, FENIZ, 5F
THAOT—H/R D BSGEETKRZ, LHIZRIZTFES>TWADIL, B ACS New Jersey Section
[ZHBRBSN T, ¥ BIFIZ5, 6T A LV EZBRA THLEELTZBO A, BEERIRES D
NTWDD TERDR T E SR BN ENLSOWRHE T 203 Thb LA, HiZivixde
IBIT, EHEERHO YN SEF, ZBXVELELT | TA0LBX T —<RWMITED
BLOXD MR | ThHH, Zol-BEDT—< T, HARRLWEELEELLRNS, BEEER T
DEHELDL), LVIOERTELVDTIIRVNERREEST2RE, RENLIARIENME
VY, SV Z AR HIUT, FAUZOWTEELTAOLE AV LAV,

WO LT, B RIZRDHATREE A2 O /- R P3) CREM A EEIZIE T Lz e
F2IITBE TN, EAFOWIERIT L THEWER AL,

44 2009



BERRARYDORE TR

(RABEIED . HHRAE?)
R EERD. b B0, WEED, ORL BV

Manzamine A (1) IXHRREVEAR L 0 BABE S 2u. X BRAEATIC L 0 #E&
RENBENB-IALRY T AHuAL RTHD Y, FUREEIEME
iR L LT, HLHIV, FiH. i~ T U TIEMER ESR2 DTSN
FHELTWAZENLERZEMIIEHVELAF LTS, £/,
S5ODARERLERT DHZOHEML SEEFTRIZERIEFENITH
D CTHBEELS . REE TIIHE OERFERBINTND,

Manzamine A /% ircinal A(2) LY 2B TCEMNND Z LG
NTWNWAENR D ZOAREBREZENT S cissT H ) VERKIEF
)V EARBRMBMBEAETHT T LD Diels-Alder HIZL - T
BET DLV ONRKFOEKEETH o7 (Scheme 1),

OH A m
- o Mo — OMe — OMe
HC") }E}ECbz NCBz
| E < oﬁx
5

Ircinal A (2) 3 4

Manzamine A (1)

Scheme 1

HERD o-vanillin(@) MOHER L7=F¥ / &7 & Rawal ¥ 3L D Diels-Alder
ITE—fTE 8 25 %, RNTEONDOEREEL TR L T 12 25720, Hii< ERFHOEE
DD THEETHAZ L L TEBMRZNZDIZANL— FMIBTE L7 (Scheme 2),

Scheme 2 0 0 0

H
Vh'il(/o TBSO i
- —_— oM TBSO Ph" !
OHC OMe OMe € ——— Ph : OMe

OMOM O N \O
OH MeO,C” “NHCbz Oj&Cbz [C;)QQ— NCbz
8

H H H
& ¥ i-PrO,C FPrO,C”7 Y .
— = — —_— = - N =
OH OTES H..\ OTES
NCbz NCbz NCbz
9 11 12

EVFERLOR - EIOINL - AL LYE - OSRELED



Z-T. EBY 8 EBOERICIZT/ AT FE2FABL-TEREEE YTHNWNSZ L
2L, ¥/ 2 15 12xtT A FRIARF Diels-Alder RIS ZE{To 7121412, A, CEBEHOEES
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