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Synthetic Study of Biologically Important Nitrogen Containing Natural Products:
Development of New Methodology and Design of Leading
Compounds for New Pharmaceuticals
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Synthetic study of biologically important nitrogen—containing natural products and development of new methodol-
ogies and design of leading compounds for new pharmaceuticals are described. The first total synthesis of eudistomines,
manzamine C, martefragin A, cerebroside Blb, and symbioramide was accomplished and the absolute configurations of
the stereogenic centers were determined. A novel methodology useful for the synthesis of alkaloids that have
perhydroisoquinoline ring system such as manzamine A and B, and related alkaloids, nakadomarin A and dynemicin A,
is presented. Sphingolipids, 4-stereoisomers of 1-phenyl-2-palmitoylamino-3-morpholino-1-propanol, were synthesized
and antimalaria activity was investigated. Inhibition of DNA primase by sphingosine and its analogues is described. A
new synthetic methodology for alkylation and reduction of imines has been developed, and the first example of a reagent
—controlled enantioselective Pictet—Spengler reaction is described. Also novel and convenient methods using transition
metal and rare earth metals including alkene metathesis, asymmetric Diels—Alder reaction, imino ene reaction, selective
allylic halogenation, enantioselective Pictet—Spengler reaction, and enantioselective physostigmine synthesis are

described.

Key words——synthesis; eudistomins; manzamines; nakadomarin A; ring closing metathesis; Yb (OTf) ;-TMSCI
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Manzamine A Ircinal A
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Nakadomarin A

Manzamine C

Fig. 1. Representative Manzamine Alkaloids
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Ircinal B KeramamineC Keramaphidin C Helicyclamine A

(J. Kobayashi, 1992)  (J. Kobayashi, 1994)  (J. Kobayashi, 1994)  (P. Crews, 1994)

Keramaphidin B Mandangamine A Kauluamine
(J. Kobayashi, 1994) (J. Anderson, 1994) (P. J. Scheuer, 1995)

Fig. 2. Manzamine Related Alkaloids

Diels-Alder Reaction to the Functionalized Isoquinolines : Basic Strategy
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Scheme 5. (continued)
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3) (AIIyI)MgIEr . (0.0005 M)
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Scheme 10.
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Route 2
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Scheme 12.
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Spiro-y-lactam
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Nakadomarin A

Scheme 13.
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“Boc “Boc  2) Hy, Pd-C Bs N 2) Ac,0 BS
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29% (3 steps)

1) 1N NaOH &
MeOH, rt

2) Dess-Martin
Oxidation
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“Boc 4)Na - “Boc THF  ©
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Scheme 14.

41 42 43 Dynemicin A

Scheme 15.
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R 1) MsCl, EtzN KMnOy, o]
WOH CHyCly W NalO4 HOJJ\/\S/\
= 2) LiAlH,, Et,O = aq. acetone :
(R)-Citronellol 7% 74 %
O o0 O o
1) SOCI5, benzene )L J\/\/\ 1) KHMDS, THF, -78°C )j\ S s
o) .
2 g TN 2) Trisyl-Na, -78°C \ S<N N
o on “‘(Bn 3) HOAc, -78 to 25°C Bn N3
gn + THF 86 % 78%
COOBn
1) LiOH o) | BnOOC
aq.THF )J\s/\s/\ N
HO™ 7™ H )\/\/\
g; (F’Bd-C /(')"2 ae - DEPC, Et;N I
0C)2 “Boc o7 % N
81 %
BnOOC 1) HCHO Kelelo] N
1) DDQ, THF I Pd-C, H; | ILs _s
o 7N 0] .
P 2) Pd-C, Hp O
2) CF3COOH, CH,Clp O\ J NH, - ACOE N' NH
57 % 47 % H 7N
Martefragin A (44)
Scheme 16.

Re NN RS RS RN A
g N AN M A
1.00 0.85 0.86 1.09 0.95
Natural Martefragin A
R, Ry Ry R3 Relative activity R4 Ry R; Relative activity
N
|1 OH
Re | O)\R3 H  COOH CHj3 0.91 H H V\g’ inactive
N H  cooH Y 1.74 H TN NN 2.28
H H CH3 1.41 H CH2OH o\ 1.69
H H RN 0.13 OCH; H N 4.28
Fig. 3. Effect of Indolyloxazoles on Lipid Peroxidation in Rat Liver Microsomes
1-32. X7 4> JBBENAATO-TLT3 (PPMP) J O DSEARBRMEAR DA & pliE 2 ST

<7 ) 7RBIEEARBBREORA L IEENRBAEE
RERTIM7 U THORREMRE X723
fEEENA AT O—TET 535D 7 JH BIEEAH
WM S FERHHFERZE I 257U
HoORFEEHBNELT, §TIIIEIARDIITITY
TERANHRHESINTWD AT ¢ > AR EH

1-Phenyl-2-palmitoylamino-3-morpholino-1-propanols

L, 4 L—threo-PPMP (L-1) N+ = —IZILEHT 5
BWHIR U VIEEERT I EEZHASNITLE
(Scheme 18).

SICERFEOERWIIY Y 7HIOMIE % Hig
bf##~Z&HmW&®A47bemé%%
et « B U Tz, EHFHEORE RN 7Y v BMEd
M F Z—RICIEET 212/ R Uzny, RN
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DMAP, DMF

_iH‘rnﬁqu rt, 59

o]
OH
Wang Resin

@Q/ﬁmoc
H
) (- ®)
:: ~ >\O_@9 DDQ
NI HN.__O
H

THF-H,
o)

DMF, t,

o)

rt, 20
min

2) 20 % Piperidine

0
|
@ZNJ HN.__O
H

0
OH
h PhsP, NCS

pyridine
CHxCly
rt, 15 min

30 min

PhsP
EtsN
O— CClg
CH3CN
t,2h

W—o

1) 20 % TFA / CHoCly
2) TMS-CH=N=N

o

H3CO I IN
| O
46 % Overall

N
H

Scheme 17.

O'Na*
(3H (:)H 0
Fluvastatin (HMG-CoA reductase inhibitor)

Fig. 4.

HO o : OH
HE&S/O\/\'/\/W\/\/\/\/\
OH OH
Cerebroside B1b

Fig. 5.

WHERLZHENEEZN TS (Fig. 6).

Blkd 5 Z LI RiEaR L U7 RENY >
DHEAREEY 23, A DERILEY DN TR
MWEEZRL, DOBRFEEDBEN TWAEZET
HbH. HEE EILOEREEY D a v 7 OHAI
BENDT T D FERWEIY T TIERERT
N, FFVUEKEELTED, @tk @k
Fei=n s (Fig. 7).

1-33. X774 >3BEOERETT7AY—EE

O'Na*
OH OH §

Fluvastatin-Martefragin A Hybrid

Sturucture of Fluvastatin-Martefragin A Hybrid

Symbioramide

Synthetic Target Molecules of Some Ceramides

MREEDLFMFEC LD HFE A7 1>
T2 AN OERZEICEREbD- TS Z &
MWEINTERE., IHICAT 1 >IN DNA
#HEZ BT S initiation & OX elongation D i /5 12 B
D% DNA 7514 <v—t&HEL DNA G % HE
THIENHSNERD, X T4 2T 2Ol
Ho—REEZLNTVWS, ZITH20EDZ T
1 O D REDERMER, ik Z Gk L DNA
T IA X — B HEEMIC KT I HEE S IE AR &
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(\ N 1-Phenyl-2-palmitoylamino-3-
O\) N morpholino-1-propanols(PPMP)

H" CO(CHy)14CH3

L-Serine OH

1o (sec-Bu)sBH;Ij\((a :
O/\HkPh 7 )( — O\) m :

N H CO CH2 14CH3 H CO(CH2)14CH3
"Boc \ OH

i-BupAlH g\ - \) /\l/\© Q

H" “CO(CH2)14CHs H CO(CH2)14CH3

L-3
Scheme 18.
OH HO “Nl
(\NY\© _ Acyl CO(CH2)14CH3
o N -
H CO(CHy)14CH3
L-threo-PPMP Quinine L-threo-PPMP-Quinine Hybrid

(ECsg, 0.12uM, selectivity 13)

Fig. 6. Sturucture and Selectivity of L-threo-PPMP—Quinoline Hybrid

\l_g//N ACOL/N
O, = H
Ph/ N Ph_O\_: ij@
O o)
| ° 0
N |
0

N__o_cc Vo N H o
Tc])/ Vs OJ><N\H/OVCC|3 \n,o _CClg
(0]
P. falciparum (ECsp) 0.8 1.0 26 @™ Febrifugine
FM3A (ECs0) >49 >43 >48  (um)
selectivity =62 =43 =18

Fig. 7. Active Conformation Medel of p-Sphingosine

ALz OZzofRC2MNT I /7, EETIVLFIL 754 X —Y DIEMEERAL D =K ITCHEE DR TH %
K, C3frKEEHR, KU KT AZEESOEEN 728 Catalyst I & D &7z 18{L &M E N L —=
EHRRICEETHD ZENbho /- (Fig. 8). 7w & LT Catalyst/HipHop 12 & % 15 11 # ik
X 5ICF DFE R % Catalyt 4.5 J X Cerius 2 (Mo- TFINEAM L. ZOEFTINVEHWTAT 4 >3O
lecular Simulation Inc.) ZfWTHEHTL 7Z. DNA 2 VB EEAER, 2 21 (L EY O = RITHEETE LA
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D-Sphingosine

Fig. 8. In Vitro Antimalarial Activity and Selectivity of Synthetic Quinazoline Analogs against p. falciparum and FM3A

chiral .
I R1 Lewis acid chiral @ 64.94% yied
f R % N Lewis acid 86-96% ee
2
3
45 O \6/ 69% vield
b yiel
91 %ee

Scheme 19.

BIEMEt L7z, TORR, A 74 2 JREENWS T
LFTINBHTFIZONNO ST, RN BRI /2%
IR A= a2 EFIVER/DZEITHRIL, £
DEFMNSE AT 4 >d3 2 C2-C3-C4-C5 iITBIT 5
2 HARAPMEFEBICERESBRRZR]R 2L THWs D
EVHIBRL 72, 47

2. EERFEMOFRAIFREEEGBEDERFR

2-1. HFEMT I OFFEK

2-1-1. A% Pictet—Spengler i : 5 7EH -
ALK CROEE T hSERO--AILRY
B 46 OREEEE L TIZ 45 DX D71 2 O
Bz X BB, $ 7295 Pictet—Spengler )i
MESXDHENTHD, FEEDOEWE ARG

ThHbd. EESFT LAY >T7IVAOA RERK
BN TUIE LI Pictet—Spengler it ZFIH L T
Elz. ZORIBIEA 2 ITHT B0 F NSRRI A
RISTH B, & I THHAEET I > OAFEHRD—
RELT, #EMIEAF Pictet—Spengler it D B
e HIELE L ORISR ERFT L. 50 20
FERFITINIA AL 4T 2t T5 RO 45
(R,=0) M5 46 255 mITF > FABEBIRNAHE
Pictet—Spengler J itz DB FE IS THID THIN L
W ISIFIINTLAT Y R 48 HEEKIC
L) > F FEIRA AT Pictet—Spengler bt % fif
92 2SN L (Scheme 19) .59

2-12. AFFWUT IOFREFEHR— IOF
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',

Hagr“gmg

I
H R
49

| | | I 61-64% yield
£ NH up to 43% ee

H
R1\r\|quMe RLi R:-I\r\:rl‘TMe Eg(OH)z/C R1\;R
QU'D yield g"i 54
52 90-99% de
Scheme 20.
BE7LFIMEERFRET  HAEETY I 2 OALFK #4795 56 (R=0Me or OSi'BuMe,) 7 &R TH:

BRO—EEEL T2 OEHRSBRIGHNICE ST 2
COARFRTLERSL, FIINFFHHROUD S
50 #fFE L9 1-E#H - RO-g-HI)LARY >
49 % 50 TiRILY 5 EHRRELRN S TF > FFER
AT R ICHOE Z D YEAIE R 1-EH-T R E R
—ﬁ JIIVRY > 516Nz, —HAKSER
WEB1I2520Y7 A7 LA RBIRA IR G

T%%a,ﬁ<mm$“%fﬁﬁ®%%@@7\
254 /A HIEEHRFELRESY ZOXDITHEES
JEBREIT KD M I NS AERET I ADH LW
G AT DRNRISATFE R &2 O 217> 72
(Scheme 20).

22. BRER, HFIEEEZRAVIFRRIG
22-1. AL 742592 2X&5FATIERR
DER  —HERSBEORME AN L RIS D
I E L THBRAY L AR E WS BEFETE
BEELEERAHL, U 2 HEOAMKRICHEA L
e, BRIEZES SICEERT ) U HEOERNG
FRIENEET 27 E ALY 2 2 Ok #ipH 2 A
7= (Scheme 21, 22) 55757

IHRT AT, o-TI ) AFL N5
EREND o, o—F I 55 % Grubbs filllt B KX
CEZHWTHRAY L 22T EHIRT 5 1,2-
e ROF /YU CSe NEINETHEONS I EE A
WHIL, 12- Y ROF /Y 2 56 138512
g, BB EZTF /Y 25Tk
%. —7J, Grubbsfilifft C #fH T VLT —)b
IT—FINIUAZ LI a7 & AfICHERE R

a2 RWHLAE 2R UL —)b
I—TIVEHWLHRASZ L ADHD TOH &
oz, INHORIBEFMALT, fivo U riEEE
HEI5F=—%, oo+, PPMP-F=—%/)\
A7V R E0EEPEEG/R L. s DR
BRAY I 23N TNHRERARSMT CHUEAYICE
71U, £EETH ONRASHFHRER T /U K
VEHEEZERARIEDOERE &> 7= (Scheme
23).58)

2222, FIHWMAEZXZIILRHAFF7AT7Y—D
BERIABFRIGADIGH L WAKEALTBHFE
EOILTHHENE D TI VEF 7Y L D2 AR
BETHELD C2HMBFIILT IR (B8) KUY
L7UN R (59) #HpkLZOMHREE R L 7.
T ORER, HHMAZFZI)VY S > R BINAMID
55&YMOH)&@%W1?§DMVAM&&E

ZBNWTEWST AT LA, RUEITF > F A% Rﬁ
BRI DI EEHASMNTT D EHRITEAREIC
WTOH L NWAHIRZE tw_@ﬁﬁfﬁﬁm@m
HOo—RBELUTHEWETIL O > > OBARE
EAREER L., —AAFILTUTRE
Yb (OTE) 350 515 5 N 72 $ERIE A Mannich i 2
BOWTHREOAFHEZ RT I Lz RAWH L.
(Scheme 24).

223, HXFEEN) 7T —+EyDOST
FRAVCAHHRAI /T ORIE N-RIIR>Y
TIWEAI D E T AFINAFL 2 EDH T
MHeE b 77—, Yb(OThH ;& 70Oy o >
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q>\= (B) 5 mol%

o) N 0
=§/ benzene, S / 30%
CHs 50°C,3h (S)-Pyrrolam
1) Ho/PtOy
q& (A) 5mol% N (68%)
© b Y o3 ——— N
enzens, ° 2) LiAIH
X r, 3 days 0 ) 4
(70%) (-)-Coniceine
(A) 5 mol%
N —_——
0 benzene, 91% M
m,23days g PCy; ,F" PCys Mes-N_ N-Mes
Z Cld =/ oy Cl.p =Ph it
(B) 30 mol% o Sl c-{"=>pn
° Q\z 50 5C, 72 h N 8% PCys PCys PCys
3 © 18 ;3:?2% 0 85% A) (B) ©
S 50 °C, 1.5 h
Scheme 21.
O 2
NH U Rpem ® NH:E
Oy Qe
Scheme 22.
Anthranili oy 8
nthranilic Ru=
Acid R (B) or (C) R m’crgg\%
= QL = oy
o-Amino- NS
acetophenone X 's CHCl, X N Mes_NYN_MeS
55 50 °C, 1h Ts Cl.
i 5 © oRU=>pp
"Parﬁ{’"ﬁ';y" R = H, Me, OMe, OSi'BuMe; | PCys
P =Ts, Ac, Boc, Bn R
ne
’ N/ 57

X

Scheme 23.

(TMSCD) &ERIBREIE B ERFITA 2/ T RIBN
HEITTHZEZRNHLEZ O ZDKIGDERIED)
R~z L7z (Table 1), oA LS
JERU 7T —RMIZDWTHRKRIZT I/ T RG%E

1o &5 Yb(OTE) ;i d BEFIsfERZ/RL,
HTHEESEOIN A AWIEEA I T2 RKIEOH#ETTIC
BRI R S 7z,

COfERERND EHAD N-FILT IV RA
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Enantioselective Diels-Alder reaction catalyzed by new axially chiral ligand, 1,1'-(2,
2'-bisacylamino)binaphthalene (BINAMIDE)-Yetterbium complex

@ (R)-BINAMIDE (R)-BINAMIDE
Yb(OTf)s, iProNEt t @ Yb(OTHf)s, iPr,NEt FooH
2 Me

+ o o 25 mol% s j’\ + (25 mol%) e JOL
ARG 95% yield o7 0 O 97%yield PN —
M N\_/O endo/exo =9.6 B,/\)’\NJKO endo/exo = 32 / o
98% ee (endo) v/ 92% ee (endo) antibiotic, Sarkomycin
unnatural
0 . .
The natural Sarkomycin was obtained
99 N when(S)-BINAMIDE was used.
(R) E (R)-BINAMIDE
<49 @ 58

Enantioselective Mannich reaction catalyzed by new chiral ligand, BIUREA - Yetterbium complex

HO. o :
Ho BIUREA ]@ 52
j@ Yb(OTf)s HN OO )L BIUREA

|N MeO._OTMS o COOMe M M
| (25 mol%) “)*X H H
L e OC CONNYR

44% . . . .
ee optically active B-amino acid

Scheme 24.

Table 1. Imino Ene Reactions of Various Aldimines Catalyzed by Yb (OTf);-TMSX

R? Yb(OTH), R?
N TMSX NH
R1)I\H + )\Ph R1)\)I\ph
CH,ClL,-THF
2 rt
Imine catalysts time . .
entry e =2 (moi%)  (h) yield (%)
1 1 Ph Ts cl 5 025 14 (94)
2 3 0-CICgH,4 Ts cl 5 05 15(92)
3 4  pNO,CgH, Ts oTf 10 1 16 (86)
4 5  p-MeOCgH, Ts cl 5 2 17(54)
52 6 2-furyl Ts cl 5 3 18 (66)
6 7 Ph SO,Ph cl 5 05 19 (91)
8 9 Ph CO,Me Cl 10 1 21(44)
9 10 Ph CO,Me OTf 10 1 22 (74)
10 11 Ph P(O)Ph, OTf 25 1.5 23 (38
11 12 Ph Ph Cl 25 5 24 (0)
12 13 Ph Bn OTf 25 48  25(0)
a) Reaction was carried out at -15 °C.
b) Aza-Diels-Alder adduct was obtained in 63% yield.
ROELI-VEWMYIVS S EDA I T RIEN ZOFHA I T ORINEIBTUHA I 2N
AR, ERETET LIRS 258EY UL HEIIRL, YIVTFTER, FIIVTI, L1I-Y
TIONENETHEOSNAS I ENHSMNERS = BT )V > D=4y 2 BT Yo (OTE) 3-TMSCI &

(Table 2). BAETZOATHRINIETL, T HRETY
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Table 2. Imino Ene Reactions of Various Alkenes Catalyzed by Yb (OTf);-TMSX
N/Ts Yb(OTf)3
Ay o D soome UD
Ph™ "H CHZCIg-THF
1 rt
. Catalysts Time . o
Entry Olefin X o) (h) Product Yield (%)
Ts\
1 4¢L\//FBU23 oTf 10 4 /l\v/u\// 24 (68)
2 25:R=H (I 5 1 Ts. 26 (59)
g4 o
s O
3 27 :R=0Me ClI 5 0.25 28 (82)

4 4¢[::] 20 o 10 20 /l\v/I::j 30 (24)
Ph
Ts
5 ©\_//|/31 cl 5 0.5 Tsm 32 (73)
N Ph

Ts

Table 3. Yb(OTf);-TMSOTT Catalyzed Three-component Reaction of Aldehyde, Tosylamide and a-Methylstyrene®

Yb(OT#)s Ts-

0 NH
I+ Ts—NH, + )\ _IMsoTt
R™H Ph  CHClL-THF R Ph
rt., 1 hr.

entry R yield (%) entry R yield (%)
1 Ph 14 (92) 5 ¢-CaHsg 36 (76)
2b CHs 33 (79) 6 cGgHyq 37 (85)

3 Pr 34 (71) 7 CO,Et 38 (66)%
4 tBu 35 (45)

a) All reactions were carried out 5 mol% ngOTf)a and 120 mol% of
S-OTf at room temperature. b) 2 equiv of acetaldehyde was used. c)
13% of carbonyl ene product was also obtained.

N7 I OMENETESND. WE1 I OHEHRE AN O S ALRIS — &I

FERRETITHON

HNKER 7 ST IVT e ROX D RIENEY VT
ERBRBIEDTENARETH D, Fi#kis, »D
IR T I, 7T/ BOBRICEHATES
(Table 3).
EHIRIDRIBETFHNTHEITL N7 )L
OUF—)LZREELTHWS LA EEE Dy 7
D UBERNE SNz (Scheme 25).

224, HEF—T A FMEZRAOIERBYT Y

57 UNALONOT ALRISIE N-NO X7 > A
S RMVHWSNTERED, KINTHEBRIED DX D7
T D AIVEREH & HKITHET 2 d B WIT RS A
WMETH D, £XDILONTOT AbH AR
FBETRIZZOEREICZLL. 13 T 2KE
ODEMELTA Yy NIEaANYT7S—FEr O
O2I 2 MN-NOX7 2142 RIZKDT7UIVL
DOERNMfE /22 22 RWH L 7.0 20K
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L XNeo

Yb(OTf)s (50 mol%)

N 0,
o . TeNH, TMSOTT (50 mol%) N NHTs N NHTSs
CH,Clo-THF —
1 (4:1) 0 N
m,1h diastereomer ratio
5:1
Scheme 25.
NXS (1.2 eq)
Yb(OTf); (5 mol%)
TMSCI (5 mol%) X =Br, 84%
J\ J\/x X = Cl, 76%
Ph CH,Cl>-THF Ph X=1,61%
rt,0.5h
NBS or NCS (1.2 eq)
Yb(OTf)3 (5 mol%)
M TMSCI (5 mol%) M X =Br, 76%
CH,Cly-THF X X=Cl,78%
rt, 0.5h
NBS or NCS (1.2 eq)
Yb(OTf)3 (5 mol%)
TMSCI (5 mol%) X=Br, 73%
CH,Cl,-THF X =Cl, 68%
rt,0.5h
NBS (1.2 eq)
Yb(OTf)3 (5 mol%)
TMSCI (5 mol%) N
; OTBDPS CH,Cl,-THF : OTBDPS : OTBDPS
PN rt, 0.5 h B (z\/Br
64% Br 279%
Scheme 26.
NBS (1.2 eq) EtO,CC=NTs
Yb(OTH)3 (5 mol%) Yb(OTf)3 (5 mol%)
@6‘\ TMSCI (5 mol%) @\J\/Br K>CO4 TMSCI (5 mol%) | CO5Et
; : HN.
NS CH,Cl,-THF ™ %“gg A N CHoClp-THF N~ Ts
H 05h . . 1,05h Ts
60 2% &1 ° 62 ° 63

Scheme 27.
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FsC

Pl *

X

64

+/
N" "SOg
F

Yb(OTf)5
(25 mol%)
CH5Cl,-THF
rn,9h 63%

Scheme 28.

(o)

,Vle
N-ST
R q me R

MeHN
O cr
N\ HN P — M -
N CO2Me ipr,NEt |.| co Me H € H Me
“78°C R= H 96% i
5 R=H (+)-Desoxyeseroline )
R=OMe 88% (77% overall yield ) (%) Physostlgmlne
R=0OMe (*)-Esermethole
(69% overall yield )
0 Me
M SMe
CO,M 0 e
Q_y\r 2Vie COMe QJQ —» (-)-Physostigmine
N Me
N COxMe '_P_;sz';'gt N H coznne Meh
R=H R=H R=H ()Desoxyeserolme
R=OMe R=OMe R=OMe (-)-Esermethole
R Sc(OTf)a
Me Y7 TMSCI
\ + |I\] - -
,I\l 7 CH.Cl» H Me
R=H (*)- Desoxyeserollne R=H
R=0OMe 2 Steps, 90% overall yield
Scheme 29.
TiE7 Vb7 osk, 7ok, 3— RMekic=R 2-2-5. Yb(OTf);-TMSCI 2 70E—4%—&$ 3

THERFICETEINERTHSNT 5 NO7 ALY UL
NE54 5 (Scheme 26).

ZORISDIHELT o= IIVT 2 )~ AF )V
AFL 260 70T B E610FENL. TN
2 AL T 62 (28, DWT Yb(OTS);-TMSCI
EHWSAI ) I ORIBEITDENYT M T 7 285
IR 63 )N EIE TR 517z (Scheme 27),

S5 Yb(OTH 313 7 v HLH 64 12K 2T UL
AL DERT2 7 v BB Z AT 5 Z & & B
Uz, 797 UL EY O G EE & U TR FE
72315 (Scheme 28).

Pictet — Spengler X . & Fischer Indole & A&
Yb (OTE);-TMSCI 3= b O KA I > &EHND
Pictet—Spengler Kb & 295 Z &2 AWl L
7z. F 7= Fischer Indole & LICHBIT Dl &L TH
BN THODHEMNEOE RT EERT S LR
<, BEVITERXEZr > EBRSDZELT
Yb (OTf);-TMSCl ZIEE T 2 DH THIET 51 >
R—=ILIME6 N5 T ENghoi.

2-2-6. FIRHBERAYMET7 1/ ZAFT7 10T
T F A RIRE S S BUEDHEL TANSAFT
S UEE <KD AchE HERE L CTHISN, ik
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FETIIINAR—IFOWENRIZ ENSHOEH S
NTW%, ARETE TV AFT I ROZEDH
BAROE AN IZHBIE TERAFARIE, TRD5,
S5—ARFTMUTYIVFEBENS -TETT «
JAFT I B A 15D alkylative cyclization JZ i
DODHFEEZERL, SHICAFTRIBNEREES
2D FERIIPAFINAA NI ETPUD D
ZHHE Y 75— h-TMSCI filtiit 1= & 5 5t 1 5l %
R0 Un— TRBEERERS L Uz iR E
R OO DY — MEEM DGk E R L k.
I72bb, N-Z7 2% Sc(OTf),;-TMSCI 77
£F, 1,3-PAFIA > R=)ERRI/RED
A, mNERTIEEEDOS > R=IL 2G5 &IC
RN U728 R EMI T 4 AF T I O KRER
BT HBPRIATHS (Scheme 29).

&EbHYIC

AL T EERFE LT AT ERFREE S
WFoEkD) 1THBNWT, PEHEFBER BHTERFH
%), SEREE, NFEE0TF, FECLBT
L ET SEMERIE AR EEE X 2MIEEIC
BIML TL I S IEEDE LT OB T
ETHBEOH EIfTONZHDTY. I ZITELK
BN UET. EEKRICHRE CBEEBOEL
TERFAEERAY =4, BEoliikE Xk
FHEEIR, JrltiE RFEARSE RHE%E, W
U<t RFHEBE, 8L FERA RS
M#—EEIICDEL, £<OFENINDHTELES
IGEATHES BILHUBITET. RBARHFTLOET
ZHhiz0, XHEARFEMIE, LEGESEMBET
M, BENENEERERAZEIRE S, N SR AR
BLRAR, NARAEFEMAME B AR B E B Bl
WENEAN T ZA A b O 2 —seiREITE, SEE b
BYWTEE T OV A8 15 FEIEE S e 5 e 5 5 <
DR ETENWEZ &2 MR U TE# WL £T.
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