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Development of novel synthetic methodologies and their application to synthesis of natural products are described.
The first topic is about an extension of the scope of our indole synthesis by radical cyclization of o-alkenylphenyl iso-
cyanides. By utilizing this methodology and nitrogenzenesulfonamide chemistry, an efficient total synthesis of hexacyclic
aspidosperma indole alkaloid, aspidophytine, was accomplished. As the second generation indole synthesis, we then de-
veloped the method by radical cyclization of o-akenylthioanilides. Synthetic utility of this method was fully demon-
strated by a total synthesis of iboga alkaloid, catharanthine. Furthermore, a total synthesis of vinca alkaloid, vinblastine
through a practical synthesis of vindoline was achieved, in which the stereochemistry of the crucial coupling reaction of
two indole fragments could be completely controlled. In addition to the indole chemistry, exceptionally mild transfor-
mations of thiol esters to ketones and alkenyl ketones have been developed. Examples of application of the protocols for

the synthesis of natural products are also described.
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Scheme 1. Indole Synthesis with 2-Alkenylphenyl Isocyanide
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Scheme 2. Synthesis of the Horner-Emmons Reagent (6)

Table 1. Horner-Emmons Condensation with 6

LDA, THF R
CI\ PO(OEY, _ ~-78°C; @\/‘\/
NC RCHO, (additive) NC
8 -78°Ctort
Entry RCHO Additive Yield (%)
1 ~_~_-CHO —_ 87

CHO
o X _ 03

CHO

3 @ — 90
— b

4 \/Lo 418

o] HMPA 80
\/kCHO (5 eq)

#__ ,BOC
N
0. : HMPA

\/—\C HO (5eq) 8

a) Only E isomer was obtained unless otherwise noted. b)
E/Z ratio was 11/1. ¢) E/Z ratio was 3.7/1.
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Scheme 3. Synthesis of 2-Iodoindole Derivative
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Scheme 4. Coupling Reactions to Install 2-Substituents
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Scheme 5. Retrosynthetic Analysis of Aspidophytine
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Scheme 6.

a) triisopropylsilylacetylene, n-BuLi, CeCl;, THF, —78°C, b) 3%
H,SO,, THF, 94% (2 steps), ¢) vinyl acetate, Lipase PS, -BuOMe, 45—50
°C, 48% (99% ee), d) CH;C (OEt)3, +-BuCO,H, xylene, reflux, ¢) TBAF,
THF, 50°C, f) 0sO4, NMO, acetone-H,0, 0°C to rt, g) NalO,, THF-H,0, 0
°C, h) NaBH,, EtOH, —20°C, 38% (5 steps), i) TBDPSCIl, DMAP, Et;N,
CH,Cl,, —20 to —10°C, 95%, j) (COCI),, DMSO, CH,Cl,, —78°C; Et;N,
k) CSA, HC (OMe);, MeOH, 74% (2 steps).
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Scheme 7.

a) (Et0),POCH,CO,Et, n-Bu,NI, CH,CL, ag NaOH, 5°C, 81%, b)
Zn, AcOH, CH,Cl,, 5°C to rt, ¢) HCO,H, Ac,0, 5°C, d) POCl;, Py
CH,Cl,, 5°C, 63% (3 steps), €) n-Bu;SnH, AIBN, MeCN, reflux; I,, 85%, f)
DIBAL, toluene, 10°C, g) Ac,0, Py, 85% (2 steps).
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25 R = CH(OMe),

Aspidophytine (12)

a) Pd(PPh;),, Cul, Et;N, 70°C, 78 %, b) Boc,0, DMAP, MeCN, 94%, ¢) Pd/C, H,, EtOH, 97%, d) K,CO3;, MeOH, 96%, ¢) NsNH,, PPh;, DEAD, PhH, 93
%, f) TBAF, THF, 93%, g) PPh;, DEAD, PhH, 92%, h) TMSBr, CH,Cl,, —78°C, 92%, i) PhSH, Cs,CO3, MeCN, 55°C, j) TFA, Me,S, CH,Cl,; pH 7.8 buffer,
56% (2 steps), k) HCHO, NaBH;CN, pH 7.0 buffer, —70°C to rt, 67%, 1) NaOH, EtOH, 70°C; K;Fe (CN)4, NaHCO;, 5°C to rt, 39% (2 steps).

Scheme 9. Working Hypothesis for New Indole Synthesis
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Scheme 11. Tin-free Reaction Conditions
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Scheme 12. General Scheme for the Preparation of Thio-
anilides
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Scheme 13.

a) i) BnBr, 0°C to rt, ii) NaBH,, EtOH, 0°C, b) CbzCl, PhH, 80°C, 62
% (3 steps), ¢) Br,, CH,CL, 1t, 97%, d) DABCO, MeCN, 80°C, e) 100°C,
f) i) KOH, EtOH, H,0, 80°C, ii) I,, NaHCO;, H,0, 67% (4 steps).
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Scheme 14.

a) i) 48, WSCD, Et;N, CH,CL, i) Ac,0, Py, 74%, b) i) Zn, AcOH,
CH,Cl,, ii) CH,N,, Et,0, 83% (2 steps), ¢) Lawesson’s reagent, Py, PhMe,
110°C, 86%, d) AIBN, H;PO,, Et;N, n-PrOH, 90°C, 40—50%, e) i) K,CO;,
MeOH, ii) MsCl, Et;N, CH,Cl,, 82% (2 steps), f) Et;SiH, Pd(OAc),,
Et;N, EtOH, EtOAc, 96%.
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Scheme 15.

a) thiophosgene, Na,CO;, THF-H,0, 0°C; NaBH,, 0°C, 72% (2 steps),
b) DHP, cat. CSA, CH,Cl,, quant., ¢) benzyl methyl malonate, NaH, THF,
0°C, 96%, d) AIBN, Bu;SnH, PhMe, 110°C, 97%, e) Boc,0, Et;N, DMAP,
CH,Cl,, rt, 98%, f) H,, Pd/C, EtOH; Me,NH - HCl, HCHO, AcONa,
AcOH-EtOH, 77% (2 steps), g) CSA, MeOH, 99%, h) DEAD, Ph;P, PhH,
79%, 1) TFA, Me,S, CH,Cl,, 0°C, j) pyrrolidine, MeOH-CH;CN, rt to 60°C,
73% (2 steps), k) Ph;P, CCl,, CH,;CN, 70°C, 85%, 1) KOH, MeOH, 80°C,
m) t-BuOK, Mel, THF, 77% (2 steps), n) (PhSeO),0, PhH, 80°C; H,0, 80
°C, 88%, o) mCPBA, MeOH-CH,Cl,, sat NaHCO;; NaBH;CN, pH 3;
HCHO, NaBH;CN, 64% (3 steps), p) Ac,O, AcONa, 91%.

o TidaR<, EEFHRAT > RV akiEzE A
7= K ONRNRERRIEORIEZ1T > 72

T-AINFFF U5 %, HEOF /Y
CEREEAWT3- EROF T2 > (54) KD
AHHE U7z (Scheme 15). 29 FAKRAT 2 &5 F /
) > (55) OBAER, 77 b ROEie &4 Uz kg
DIREIZIDBEBOEND AV T F T 2— |k (56) 173
L, NOCEBEPIATIEMMLFFTZU K67
ZA3lz. A 2 R=)UIBRRITHE < B TR DZHIT
X077 IVEEHEBIK G NEEH LU= KIZ, 59
&, BRICXDHEFEEZRNTERL 2 AENE
24-v=ZbhaxR>E 2K T IR (DNs 7 2
R) 60 & ZHIERISIC L VHEE L-. H5hiz 6l
MU TZ)IVAOFE CUEL Boc DAL E T
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=NV I—=FNVOKRMET>70b, 022
&% DNs HE&FRE MBI LD 5 BB LG (62)
NEoNz. 2R, REMZERTI- A MRS
NV (@3)~EEE, BEFEOFEOKEEEH
WTE>RU > (B3) &G 7.

FHA o R=azZy hEECRYEDH YT
U RIBIZBNTIE, 22001 > R—)la=v k
DFEE O FOHIENEE BB E 725, iz
Ry 64k L THEBEE S RY > &2EA
T2E, RARKODIEY—%2525Z EnMEah
TW3. 2 FHxd, Schill 5DEFIVLEY 65 %
W2 ERRKRDILMEEEGT SLEMNESNS
LOWMED ZHIZ, 66 DLDHT 11 BER{LEWEE
CRUZEDH T T RN ERAD I EE LT

N
H o Gome
64
cbz R
N N
| | OR
N g N . Et
H H H :
MeO5C ~OMs Me0,C “~oR
65 66

66 DEEIE, FATYZU RMHDA > E—=ILA
RiEERAWSZEEL, £T, 12 R—)LAiBkEKE
FRAICHBIRT XTIV 1=y b (6T) DAk ETT> 72
(Scheme 16).

n-7FIVTIVTE RNS 2 TETELND T I
a1—)1 (68) #, Claisen-Johnson & s IZ & O ¥4 %
L, BoNzIT X7 IVOMKIGEETIIVIE > B 69
iR, 69T LAFHY Y D) RIRK B
EAL, 6507713 K 70 % Evans 5 O
Michael KR DEMFIH LZE T3, KIREED T
AT UABIRICHET L T 25 272, REMBE
DETCHREEE U KBEDOREDDE, 72D
ZRhUNDT7INTE RANDRITERTEF LT3
NEEW U T, T3 2R FER T MY UL TUHE
LeEZA, ZhUNFFT ROEREHS TN
13- AR IR LD, 1V F5 U >
T4 NE—RAEARE L TH SN 74 D N-O KidH
EBIUMICHAELEROFS R EL, BEWT
Baeyer-Villiger KIS Z{TWS 7 ~ > 15 247/, N
AY ] =)V fRICE0 I N EBERL, Bohz

o] _Bn

Et\lr\ a Et COH b Et“/\)k g
A A Re's
o

68 70 O)‘

69

o] Bn

¢ NC N/S de NC OTBDPS
Et } d Et
o]
71 72
fg HONT OTBDPS | OTBDPS
—— Et — N‘/ "Et
o}
73 74

OTES
OTBDPS OTMS
ij k, | 2
Et
— Bt = MeO,C
07 Yo :
OH '\_
75 67 OTBDPS

Scheme 16.

a) CH;C (OEt);, EtCO,H, 135°C, KOH, EtOH-H,0, 83%, b) PivCl,
Et;N, Et,0, 0°C; n-BuLi, (R)-4-benzyl-2-oxazolidinone, THF, —78°C, 89
%, ¢) (i-PrO) TiCls, i-Pr,NEt, acrylonitrile, CH,Cl,, 0°C, 82%, d) NaBH,,
THF-H,0, rt, 92%, ¢) TBDPSCI, imid., DMF, 92%, f) DIBAL, CH,Cl,,
—78°C, g) H,NOH - HCl, NaOAc, EtOH, h) NaClO aq, CH,CL, 59% (3
steps), i) Zn, AcOH, 66%, j) mCPBA, AcOH, k) K,CO;, MeOH, 80% (2
steps), 1) TESCI, imid., DMF; TMSCI, 92%.

CHA=IND2DDKEEERETSH I LITKD, H
HET2DIATIV 6T =14,

BT, 6THROMHERT 21 > R—ILEHK
E 11 BIROMEZ1T> 7= (Scheme 17). &RkL 7=
IZATIIN6TDUFILL) FT—REAI)FATT
*—h7612fmML, FAYZURTI 2Bk 171
DT 2 AIVEMCRK ISR PR MCH#ET LT >
R—=)V 18 25 %, W TIRE, BREZTHNRY
F—IL 19 ANEB W, 11 BEOMEICEL T,
2-Z2hAREZNEZTIR (NsTIR) O
TIVFIER IR ZE WS H KR ERGHRIEDEZ)TH
o7, £T 19D 1,2- VA=)V D 1| FokgHz E# IR
IZ b 2IUEL, WEOHFEETNMEATS I EITLD
ITHRFIREONEEWL 2. Fo T/ 1 kI
FUNERISITED Ns 7 2 RZ2E AL, BRICATEK
R8I ANEHE N, 81 ZREE U WU LATFIE FINES:
I L& 25, TRFY RANDH TR E
DHETTL 11 BER(LEY 82 BNz, HWT, B
R EREERITWAH Y 7Y O T HIERA 83 A & E N
7z,

RICHALEETD 2 DODA > R=)LA=w hD
w7 U i EfT > 7= (Scheme 18). 797, -
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, s oTMS
“Et . "
MeQO3C a N Et
E\‘\ H -
OTBDPS MeO:C  “oTBDPS

MeOC  Sotepps
79

NsHN

Ns Ns
N
h | . OH ik l . OTFA
E . Et H g Et
0oc : H
MeO.C  Ngrapps MeO:C gt
82 83
Scheme 17.

a) LDA, THF, —78°C; 76, —78 to 0°C, 76%, b) Bu,;SnH, Et,B, THF,
67%, c) Boc,0, Et;N, DMAP, CH,Cl,, 87%, d) AcOH-H,0 (95 : 5), 80°C,
71%, €) TsCl, Bu,SnO, Et;N, CH,Cl,, 88%, f) NaHCO;, DMF, 80°C, 90%,
g) NsNH,, DEAD, Ph,P, PhMe, 88%, h) K,CO,, DMF, 90°C, 82%, i)
TFA, CH,CL, 85%), j) TsCl, Me,N (CH,);NMe,, CH,CN-PhMe, 88%, k)
TFAA, Py, CH,CL,, 90%.

Ns Ns
1 C| |
OTFA
N7 : “Et
MeQ,C ~oTs
84

_©€_ (+)vinblastine (52)

Scheme 18.

a) -BuOCI, CH,Cl,, 0°C, b) (—)-vindoline (53), TFA, CH,Cl,, 0°C to
rt, 97%, ¢) Et;N, MeOH, quant., d) HSCH,CH,0OH, DBU, CH;CN, 76%,
e) NaHCO;, i-PrOH-H,0, 66% .

TFIWNARIZOTA4 FEHNT8 DA > k=)L
D3I L r7OO0f > RL =284 &0L72D
b, ARICKDHFLZE> R 2 53 OEET,
U ZIIVA OFB TS S Z LIk, EAHDAL
ILETE S R O A I N 85 % 96% DILH

T, LhbH—-BEARELTHESZ TR
FWThY 7)Ao 7eFIVE, 2-Zhox>t
SANARZIVE (Ns ) ZREL, mREBICEXRY
DUROBEETOZEICKD (4) -ECT IR
F2 () DEFMEER L. HS5NIZEEANR
7 RTF—=%1%, KBMDOHD ETERIT—FL .
DlED XS, #lA > RV amlkikzadiEe LT
E2 R OMBENREGRIEEZHRLL, 51T, E
2T ITRAF L ONAKEIRN 2 2GR EERT 5 2 &
INTE.

2. FA-LIRTFILZEZRW:, 7TLTEER, 7
b DERE

FIVIR > O DRFEERNS 7 IVT B R RO
~oANOEHL, AEAK FEERKIETHD. —
BICT ATV 2T IV A=)V ORI UIRIRIZY
IWFE R, XZ, 7 RERTZOIIKRETH
D, BETAIANTOLREREDOHEGNH 25572
EORIIRBND. FIT, TORERNBEHBD
WIZINETHREABFIEDHFEINTE .20 20
HT, BBEHINTVWDLTED 1 DRI AIVA EE
Zb ROFHAEBEARICERL, UL Ti-
Bw,AIH X3 Grignard i 3752 & O g &R H % 1
MAZIET, VIVFER, 7 N2 2B RMICE2 Hik
TH5.27 2O, 701 K% Pd il OFLE
TAXHAEEESIED I EITESTH, HKT 5
T7IVTER, FEDERAIETHS.2 250D
FiEZ, BIRMICEADOEYE 5 Z BN FIE
TH 570, i-Bu,AlH % Grignard {373 & O H Mk
KOSREEOEWIRHEEZBEET 20, XS, g
WALERBROF714 R2HMITHZ2HLEBND S
E, BHLEMEGRT 57-DICBBERERERE D
HEEDBT LU HE < RN,

— /B2 DT IN—TTIE, LA, FA—IVIT R
TIINE T I RADHD TRIETSGZ A
WHLTWa 2 §bs, T¥FA—INIAT
WIZH LT, NTPTALRBZOHFETR, BUILF)L
DI UERERIRS ZETERFESNIHRT S
TIVTERNESNSEZHDTHD (Scheme 19).
BERALE 2 ICERE O ER MO TE<, #
AW, oo 72 /B 86 KL OEEICHE SN TFA -
IZATIETIN5IE, TEIMTHIERUITHE
T257)NTERSNENERTHELSND. O ZDX
DITEWEREEEZEN LT, ARSI A 72
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Et3SiH
,IOL 10% Pd/C i
R SEt acetone or R H
CH,Cl,
1) CICOLi-Bu
NHCbz Et;N, CH,Cly NHCbz
Ph._~_OH 0°C. 10min _  ph __A__SEt
\/\g/ 2) EtSH, Et;N \/\ﬂ;
86 87
e, M
Ph. _A~__H
acetone, rt \/\g’
88

Scheme 19. Reduction of Thiol Esters to Aldehydes

BHBHEE O RBI DL ERITBVTHHA I N TN
5_ 31—36)

2-1. BREBAXEZHOCICHRT b EE
REIEDRIEANZ AL EL TR, £9, 0ffid/N
TP TLBNMC-STESITHEALT DINIINT DY
LFEOUNER LD, NUZFILST(92) &
DEIBZH, 5% Pd OB ITCHIEEC K> TT L
FTEROHBERTHEEHICTP (0) NEHETS
il tERE 2% 2 T (Scheme 20). Z Z T4
Z, PUZFIT T2 Db OICHE Y E#ES
@R ZEAWIUL, SECHRER, EITrIBiEEZE T
FISET D7 R oBELNDDOTIEBRWNEEZ .
T IT, MxOBE#SERE AW ERGL7.

TORER, TIVFIVHENAENEHADT 2R R
HIRNRTHEASZENHBAL .Y Tabb, 7
F—IVT AT IV (95) Z il & D (PPh;),PdClL OFF
f£F, BtZnl T T2 EEE S HTHETSITF
Vo k2 (96) 78 91% DINER T 54 7- (Table 2).
2B, MR L TRINZEITO 25E, Eil 15 K
BIZBWTHT F > OERITODT N 7% ThH 0 EFR
95) M 83X ENE N/, F/, TIRD Et,Zn &
WTRIRZTT 2 72BRICIE, EHDOT b2 70% 2
EONRTHELNZHOD, 7Tt ROBEIEMNER
SNz,

FROKMREZT T, ARISO—HBIEZHRND X
<, BADFA=NIATINEGRLKGETS
(Table 3). ZOHER, TIFIITIMA, HEE,
KO a, - ARIFI AV IR > BE R DILE T H KB
#EF Lz 5L, b2, TAF), 7ITER

o]
EtZnl (1.5 eq)
Q/\)LSE': Pd-catalyst /@/\)Lﬂ
MeO toluene  Meo

o Pd (0) a
R)LH 89 ‘\( R)tSEt
94 80

o} o]
R)J\Pd—H R)LPCI—SE'I
93 >_< 91
EtS—SiEts H-SiEty
92

Scheme 20. Possible Reaction Mechanism

Table 2. Pd-Mediated Ketone Formation
0

95 96

Pd catalyst (eq) Conditions % yield

(PPh3);PdCl, (0.05) rt, 5 min 91
None i, 15h 7

#)83% of the starting material was recovered.

Table 3. Reaction with Various Thiol Esters
EtZnl

j’\ PACI(PPha); JOL
—
ROVSEt  gopemt  RE
_ EtZnl PACL(PPhs)z, (€Q) o
Thiol ester (eq) solvent, time (min) %yield
0
0.05
PhJ\/\COSEt 5 touene, 10 98
OAc
A 20 A
Ph COSEt toluene,
e 20 o1 78
Ph 5 "COSEt - toluene, 30

COSEt 005
/L /©/ 20 toluene, 7 o8
(o)
COSEt 0.05
,Q/\ 15 toluene, 5 o
Br
cl COSEt
0.05
U 15 THF, 60 76
COSEt
20 01 83
A : toluene, 15
OHCY 50
COSEt
3.0 04 79
- toluene, 45
OHC

COSEt 0.1

Ph N 15 THF,205 B9
0.05

S -COSEL 15 THF, 30 87
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ImE, REANTH LU CRIMEDEWEREZAT S
HETHFA—IN T AT IVE RIS DT L
o, i, FEBETOLEBRELEZEES M B
BRSNS HEST U 72

—7, WHREOAIIDONTHEEA 72 O AFIH
T&2% (Tabled). 7IFI, X)), 7=
b, EVHEishiEN TN TR 2 h R R
GFiRINRTH 272, £, HMKEOKEHD 1D
13, TNEEKBRERSEFDELRWI NG, B
RERZA T 2 EOFUNERILETHD. AKX
JMZBNTH, TZXT), RESINLETIVERT
HHMREEH WD Z EMTE,

IHIC, ARbZE - 72 JBEHKROF A —)L T
ATNWERAWEZ =TI /)T OHERANERAL
7= (Table 5). TR, 7V 753=>, 7
I, oy CHkROFERDOVWTNEHNT
H, HFEMEORFBRLUICEADT N AR L
7. BRA SRS QIR L DMAGORITLD,
BAWHEE - 7 )X R 2HKRT 52 &N
TE.

222, TIUFZIUGT M EBCE HEEEH

Table 4. Reaction with Various Zinc Reagents
0 o}

RZnX
/©/\)LSE1 PdCIz(PPha)2 /@/\)L R
MeO solvent MeO

Pd C|2(p Pha)z, (eq)

RZnX € goivent, time (min) “evield
0.05
EtzZnl 15 toluene, 5 o1
i-Buznl 2.0 TI—?FO,EIIS 90
PPN 01
Et0,C Znl 45 CH,Cly, 15 o
0.1
— Znl 15 toluene, 5 87
NN g0l 20 01 79
= ~Znl toluene, 120
Phzni 2.0 o1 50
n toluene, 60
0.1
P zner 30 toluene, 60 86
_~_-Znl 2.0 0.1 50
Ph . toluene, 30
0.1
PhthN" " znl 2.0 toluene, 40 8

Wz b BRIEDRFE DRIN 22T T, RICHHE
Hw T TS ERECUETIVFZIIVT b DG
RiEDOHRF 2T 572 ¥ 1-AF L 2ET)IHEE L
UL THWT, MBI REERLDO KNGS, T8
5, PdCL (PPhy), & I VLD HEET, FUILF
V7 2> -DMF ORGHERZHWEEZ A, &
BTV b BB NEZ DD 17% E{K
[WRIZEEFE 57~ (Table 6). FEARFTOHR, K
ISR T+ AT 4 2 UH 2 RERMT 5 ET,
ROSHEE, WNWEEBICKRE<LEIND L2 HN
U7 &I, filui s U T PACL (dppf) %,
UN>RELTPQRAfury) ;2 WS Z & TINERZE
81X ICE T EI /DI ENTE.

KIZ, LitEEREEHNT, Ex OREY IV F
S EDKIBEFFo - (Table 7). ZD#5%, 7L+
W, 72T EFLTMAT, ##ELZT TN
WVFENTINVa—=), PUNTEFLUREEZRANWS
ZEMTER, X6, BYChSHEL -LERE
HEET7 2T L OBEADSINETHETL .

£k, FAINIZATIMNZEALTH o, f- Al
1)V 7R > g R DL G Y M OV B &R 8RN0 Z2
NZNEIRBINETEBD Ty T ) TR EFZ,

Table 5. Synthesis of a-Amino Ketones

NHCbz RZnl NHCbz
A_SEt PdCly(PPha)z AR
R R
/\g/ toluene /ﬁg
r.t
Thiol ester RZnl (eq) grm‘? 9%yield
o  NHCbz .
z EtZnl 25 15 88
Ph\/\",SEt
0 1Zn”"CosEt 20 40 889
2! =" 20 15 g2
Phznl 30 90 58
Zn” >""NPhth 3.0 90 647
NHCbz EtZnl 20 90 829
~ SEt
MeO,C
£ /\/\”O/ 1Zn”~"COEt 2.0 90 g2
a)
)
&rset EtZnl 20 180 739
N
&0 1Zn” ~""COEt 20 110 64

a) The ee were determined to be >>99%. b) 99% ee. ¢) 98% ee. d) The
ee of the products were not determined. e) >99% ee, []*p-43.8° (c
1.26, CHCL,) .
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Table 6. Optimization of Reaction Conditions

n-Bu—=—H (2.0 eq)
0 Pd catalyst (0.2 eq)

ligand
> Dmgullz(zﬂs(eq})
x 5:1
MeQ 5D§c o]
,@A/L\
n-Bu
MeQO

Pd catalyst Phosphine (eq) Time (h) Yield (%)
PdCla(PPhs)s none 13 17
PPhs (0.5) 7 60
P(2-furyl); (0.5) 6 64
PdCl;(dppf) none 5 34
PPh; (2.0} 11 72b
P(2-furyl)a (0.5) 3 87

@) Reaction in 0.2 M solution on 0.1 mmol scale. b) Reaction at
room temperature.

Table 7. Reaction with Various Terminal Alkynes

R—=—H (2.0 eq)
o] PdCl,(dppf) (10 mol%)
P(2-furyl)s (25 mol%)
SEt
Cul (1.7 eq)
MeQ DMF-Ef3N (5:1), 50 °C 0
= o
MeQ'

Alkyne Time (h) Yield (%) Alkyne Time (h) Yield (%)
=—n-Bu 2 94 =—TBS 1 95
=——Ph 4 83 ‘_OTBS
= = 1 859

oTps ! e 3
BocN, O
= 2 a3
=, A

a) 1.2 equivalent of the alkyne was used.

2, BRETOIA RRENKIGEE FEkD
N5 ENEMN->7 (Table 8).
AREISDZEITIE, TIIWINT DT LAFITH LT
7T R ESHINER I L, $AIT 1
REEERNERTEHHDEZEZEND. Lo T,
RS DFEREITIE 1 &L, B 3 LA E T H
0, £k, RIEOFF—IVIEERBRTHAIN T 1 R
SEARDIE THIESND DT, FA—ILITK 2D
RN ZSBNHDEEZIHND.
PEDEDIZ, FA=INIATIVDINT DT Lk
FENIIFIINI T LB TINTE RANDIRILK
EHFERELT, RIBANZALEREIZLET T
O—FIZ&L-> T, AHEMHEZHWEZT 208

Table 8. Reaction with Various Thiol Esters

1-hexyne (2.0 eq)
PdClx{dppf) (10 mol%

o} P(2-furyl)s (25 mol%g e
R st Cul(170q) R\
DMF-EtN (5:1), 50 °C

n-Bu
Time {h) Time (h)
Substrate Yield (%) Substrate Yield (%)
o] o]
2 /\/\/\)‘L 2
SEt 94 = SEt 64
MeQO
3
st 80

o
o o

SEt g

o]
Satul
o]
Cl
1

;

Br

RER D, K7 wF L o EOHRA Y T TR
INEBFTHIENTE 2, NS KISOR#IT,
WIN®H, FA—IITZTIVEIRMICES O KED
AHWHETL, BEREZOKREESMD THVWATH
L., LEN-T, ARBREREEZETHEMT
F—=IVIAFTIINERNTS, RS2 N TOERE
HEWMNUHETH U, G RRREE DEHES, BRRD#
BTORLWFEEROERICHMO THRHTH S &
ZBN5. mRIZ, RERKINEAWZRAMEE
k% DB 2 FFST L 72,

2-3. TP EREERVWEEXFLDEEK
(F)-EFF DI, b SOEHPOREZNR
NS, £, RO TIIAEMEETBIT 5 Y —
W ELU THERERZRLTWAILEMTH S, Z
NET, Z<OAHRBENHIEINTNDN, K
ITHIBEOB 513, ZHE TOMZEIC X D ARkik
MHESL SN TWEF AT S (98) 1 L TH A D
T RERIEZEINAL, $IRNREGRIEEELT S
Z XTI L TW5 (Scheme 21).40 3 72bH,
Pd fill il DTFEE T 98 1Tkt L CHishid R Z2EH S E 2
&, TN COERODBICHEBEOF AT — N7 =F
ST R AU TAIF AT Y =)L 99 %
Y%, ZoEMEBEESAE FOUEY S SFKAE
B 100 7345 54, FEAREITIT K O JISH DS AR(L
MHIE SN 101 25505, FIEIZ L7z > T
Bef DA K D BREZITY, B4 TF > (97) Of
HlsealkzEZRL Thd, HiRiEE VDA
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fo)
L 1207~ COE ji PdClp(PPha),
BINNBN T PdCL(PPhg;  |BaN” “NBn Zn~ A
(1 ol B To: in THF {20 eq);
THF, toluene Q\/‘\/\ -
pump up;
s o DMF S CO4Et toluene, 0.1 b
98 20°C,35h OH o9
78%
o)
p-TsOH BaN NEn Hg, Pd/C
toluene OMCQ.‘,H EtOH
20°C,18h S
100 91%
86% ( 2 steps)
0 o]
)L 1. aq HBr )L
BnN” “NBn reflux HN NH
L), 2. CICO,Et Z 5.,_
87 NINCoE T NaOH s~ N CoH
101 3. HCI (+)-Biotin (97)

Scheme 21. Total Synthesis of (+)-Biotin (Seki et al.)

DRISIZE D AT IV EHT 2 OHE AN TTHE &
720, ZMNETO Grignard ¥/ E2 WG KR
FERE & bl U T TR O EHEICRIIL T\,

24. S MAREEZRAWIET7AEARTAERB
DEEH T7H4EARIARKBAR)IXT 7 A
Y-8OS T 51T KD HEEEERE I N2k s
MThO, TORRGHEE T 7RIV IBEHEE
PHEVE M7 & DBBREWESE 2R T 2 EMBIERS
NTWELEMTH 2.2 EEZESNHET DY
N—TTIE, 2EREERLZYDOBIT, Gk
HHBE O fif B 2 A BF I AR T2 87 72 T2 5 AR B D ST %
HE L THRT 2R Tnad, iz, AEEis
WCKERFEEH5 A5 ETRIND EHMBETSIC
EHLU, SpkOKEICHISHDBANEERIL— F D
Batalro/z. ZORER, T’A DT b2 OERIEN
B TOREOE AT TENTH D EMN
Mol (Scheme 22). /bbb, ARk L A1
B, o7 hoAITy—)VisE, REANIH L
TAREREROEREEZR T HEM T AL T
Z T )V (A0 ITH L THF b RS E fE L 3
RWIZHEITL, t:BuZZATIDOHINK S BEANDE
Rk TI74+E1 T4 RBOAMKITHKIIL T
5.4 F7/-, BtZnl ZHWT XD BEMAAEADE
RHIT>o>TW5D,

3. &HYIC

DLk, #iLWRIGDRFEEZN S 2 W= KAY)
DEFHRIZDNWTIRRTE 72, 2E O K #7125
1%, BEF OIS DA DL ERIE ST O E Rk

Phomoidride B (102)

Scheme 22. Improved Total Synthesis of Phomoidride B
(Fukuyama et al.)

BEOISATIEINT LU HRIRAIZERAERTES &
WBRSBNWZETHS. HIAK, 1 DOEREDHE
T3 A eI OB AYR & < HIBR 2 22V), RFICERE
HOBEZHEMOKEBETEIRIONEWHES R
5. 5T, HAORIBOARST, AREKEDT
YA OHHEETHD, —fRIC, ERORE R KX
DH, W DONZHTF=T70y 7 2Rl I2a&m U
HEHHE 2RI G AR O H NN LN, T
NSO ENS, FiizlR BRI E Rk
DEWEENER I N, —F, BRERKSD S
BRI EREADKEFEEIZO EAADZ &, PN
BRICHIETEDNASENBRE LD, RA N/
LORRZWZ, AEMBEROMPDTNS ZHITL
FEEOHIFEOLE T, AELFICX2EOWE
MOBRENFAEEL B> TETNWS, 5%b, A
WAL O B FICHT 7= OS2 &
EBITHZRBRERA T NORRET> TIrE
2%

HEE AUTUIRER AR AR 2R TERR
R EBALEBETITONZHDTH D, HEOH
REHATHIED, £, HEXODARBIHEZ
O RLL, mil SZERIEEHBLET. X
7z, HXDiiERBNICI DR EHELED THE
L/, HFEFEEOHRICOEILFL LT ET
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