Problem Session (3) — Dead End and Detours -
2015.7.25 Haruka Fujino

Please solve the three following problems (Problem 1 to 3).

CP-molecules [(+)-CP-225,917 (Phomoidride A, 0-1, Figure 1) and Figure 1. CP molecules
(-)-CP-263,114 (Phomoidride B, 0-2)], two novel fungal metabolites
reported by a research group at Pfizer in mid-1990s, have attracted a
lot of organic synthetic chemists due to both of its intriguing
biological activity and a unique complex structure. Phomoidride A (0-1) Phomoidride B (0-2)

K. C. Nicolaou et al. accomplished their first total synthesis (racemic form in 1999 and enantiopure (albeit
enantiomers of natural ones; ent-0-1 and ent-0-2) form in 2000). 0-1 and 0-2 can be mutually transformed
under acidic ((ent-)0-1 to (ent-)0-2) or basic ((ent-)0-2 to (ent-)0-1) conditions (Scheme 1).

Scheme 1. Mutual conversion between (ent-)0-1 and (ent-)0-2

<Problem 1: 1st Dead End ~ Construction of Maleic Anhydride>
After several errors and traials, they finally accomplished construction of maleic anhydride moiety.

Problem 1. Please fill the blank and explain the reaction mechanism of the following reaction.

oTIPS pMBO._OH,, OTIPS
% 'H«N;\
pvBo. H ¢TS4, KHMDS, PhNTf, 95% CeHis \ ‘Cahis
) 2. Pd(OAC),, CO, MeOH, 76% o"
P 3. DIBAL, 95% 6. MsCl, EtN 14
J 4. VO(acac),, -BUOOH, 67% 7. K,COs 60% (3 s,eps) 25% (3 steps)

“CgHis 5 ELAICN, 68% 8. oxalic acid, O,
- . oTIPS

;
/o COH| PMBO. Q
11 Ho,c” =02 | AN~
oxalic acid | Od
o “CgHss
~o

1-5
<5% (3 steps)

<Problem 2: 2nd Dead End ~ Construction of y-hydroxylactone>

Scheme 2. First synthetic plan of y-hydroxylactone ring

:9 R* \4) R“ OH R“ OH
F E R R3 H E g E
HO C&H15 "'CgHis "'CgHis CSH15 “CgHys
H,0 R2 23

At first they planned to construct y—hydroxylactone ring as shown in scheme 2. Successive oxidation of diol
2-1 to dialdehyde 2-3 via hydroxyl ketone 2-2 was expected. Unfortunatelly, this plan was failed (Scheme 3).



Oxidation of diol 2-1 afforded hydroxyenone Scheme 3. Attempted oxidation of diol 2-1 to dialdehyde 2-4
R1

2-2 or hydroxyaldehyde 2-7 in good M
selectivity dependent on oxidating reagents. If R~
s e "CgH1s
further oxidation of another hydroxyl group on Tockup™ R o Dead Endl
2-2/2-7 was occurred, desired dialdehyde 2-3 . %
very fast

(so unstable that immediately hydrolated to 2- o R’

. Dess-Martin or 4 \7
4) could be obtained. However, fast [Cr] oxidation s R Further [O]
. , — i X
intramolecular hydroxyl group’s attack to HOW CgH1s '

ketone (2-2)/aldehyde (2-7) was occurred.
Afforded “cyclic-locked” compounds 2-6/2-8
were not able to be further oxidized to
dialdehyde. Reverse reaction to 2-2/2-7
seemed very slow, and equilibrium is leaned
towards locked compound 2-6/2-8. That is
why 2-6 and 2-8 are dead compounds.

HO 7 “CaHis

slt(;%tzlrge TR g J Dead End!
Problem 2. Further Dess-Martin oxidation of “locked” oMP10%)
212,
compound 2-9 to 2-10 could not be occurred under the e X
shown condition (DMP (1.0 eq.), 25 °C). How should tBso. 1 eso. I
. . s . s} CsH. o] CsH
we logically tune the reaction condition in order to O34 CH o Tune 05O o
] ) o ] O)ﬂ/%\ condition ! O:<)?L_
obtain desired compound 2-10? One-step condition is : “Cahys HO™ sy CeHis
desirable, but multi-step conversion is also acceptable. ~ TEso” Teso” o
) ?
In any case, Dess-Martin periodinane (DMP) must be . f
. DMP must b_e used
used as the oxidant. a3 the oxidant

<Problem 3: 3rd Dead End ~ Homologation>

Scheme 4. Attempted homologation by Arndt-Einstert reaction

a) O
CsHs 1. TEMPO, 74% Csho
o 2. TFA; TfOH, 50% o Arndt-Einstert O
HO ) 3. DMP, 95% o ) [O] reaction o
- ‘CgHiyg —m8m8 ————— -~ '‘CgHqg ------- X ****** > CgHig ------mmmmmo-- -
TESO™ decomp.
3-1 (=2-10) Dead End!

c) Arndt-Einstert reaction

i JOL CH,N, © [Ag] or hv
N —_—
R” “OH R™ X R)kf 2

(X = good H
leaving group)

Towards the total synthesis of CP-molecules, Arndt-Einstert reaction (Scheme 4c) was chosen as
homologating method. Nicolaou et al. designed carboxylic acid 3-3 as a substrate of Arndt-Einstert
reaction. Conversion from 3-1 (=2-10) to aldehyde 3-2 smoothly proceeded in three steps (Scheme 4a).
However, any attempts to oxidize 3-2 to 3-3 was all failed and decomposition of substrates was only
observed. This unexpected results may be casued by rapid decarboxylative decomposition of 3-3 generated



in situ (Scheme 4b). Scheme 5. Attempted conversion of protected 1-hydroxylactol
Considering the instability of -
ketocarboxylic acid structure in 3-3, it
is natural that they conceived the
usage of protected y-hydroxylactol
(ex. 3-5 and 3-7, Scheme 5), though a
number of protecting groups were all
insuitable in this system (Scheme 5).
That is why they moved the next
strategy, changing the order of
conversion (OId strategy: at first
construction of y-hydroxylactone (3-9 to 3-10), then homologation (to 3-11) — New strategy: at first

1.10] o
2. Arndt-Einstert  AcO

777777777777777 >

“CgHys

HO-/
Tg 3-6 Dead End!

H/E%O HO :
3-7 Dead End!

(R",R? = various PGs)

homolagation (3-9 to 3-12), then construction of Scheme 6. Plan of new strategy
oid
y-hydroxylactone (to 3-11)) (Scheme 6). construction of
~hydroxylactone
Along with this new strategy, they first ,u' X

conducted model study against 3-13. Arndt-
Einstert homolagation and subsequent
esterification smoothly affored desired ester 3-14
(Scheme 7). However, in deprotecting R? group to

construct y-hydroxylactone moiety, the 1,4-diol R SRaFTAGY gy aomeirtion of
system from 3-14 rapidly collapsed into y-lactone Einstert HOT(: 3412 rhydroxylactone
3-15, and this “locking device” would not open

nomatter what they tried.

Scheme 7. Dead-end locked structure 3-15

1 OTIPS 4 OTIPS 4 OTIPS OTIPS
R'O_H Arndt-Einstert R'O__H R'O_H AcO OH
AcO reaction; AcO AcO k construction of (o)
esterification R? deprotetion a s-hydroxylactone =
RPN “CgHis ——————— RO “CgHis ————— .0 ,' “CgHis - X------ > 0O s ‘CgH1s
s R%0- / >// HO /
HO 3-13 \‘( 3-14 locked '\\ /. 3-15 Dead End! \‘( 3-16
0 structure O o}

Problem 3. Choose the proper protecting groups (R-R®) from the view point of inhibiting undesired
reaction (like shown Scheme 7), shorter total steps and easily deprotection. Please note that a-face of CP
molecules scheme is sterically very hindered because a-face is a concave face.

o

: OTIPS |

. PMBO_ H : ) CsHg

H o] : construction of

' i whydroxylactone O deprotection O

: : i o) » X o

; HC’/—-\ CeH1s : > ‘CgHs >

H 2 ! 3

+ HO  concave face R 319 HO

i -> sterically hindered (o]




Problem Session (3) [Answer] - Dead Ends and Detours - 2015.7.25 Haruka Fujino

-Dead end in total synthesis -

-- E

T
@
fﬁ

M no reaction
I decomposition /J<: i
M wrong streochemistry

M undesired side-reaction \wrong stereochemistry undesired side-reaction

Reference:
Sierra, M. A.;de la Torre, M. C. Dead Ends and Detours, 2004, Wiley-VCH, Weinheim.

(0) Introduction

0.1 Tuning reactions (-> Problem 2)
& reagent

OMe OMe OMe
LiMe,Cu Et,AICN
: 47% et lil
HO~ O HO HO,C OBz
0-3 Dead End! 0-4 0-5 0-6 (scopadulcic acid A)
Overman, L. E. et al. J. Am. Chem. Soc. 1997, 119, 12032.
& substrate
. protecting group
OH O
904
quant. 50%
(R=Me) (R=Bn) o
eplmenzatlon
Me
(£)-0-7 Dead End!| 0-8 (R=Me or Bn) (-)-0-7 (=)-0-7 (nocardione A)

Davis. F. A. et al. Tetrahedron Lett. 1978, 5171.; J. Org. Chem. 1990, 55, 1254.

+ redesign of scheme

OH O OTBS
0-13 (dynemicin A)

Danishefsky, S. M. et al.
J. Am. Chem. Soc. 1996, 118, 9509.




& additive

& solvent (concentration, non-polar vs polar vs protic, aromotic, coordination (ether, HMPA, DMPU...))

& temperature
and so on

2 Detours

0-16

i

0-15

0-18 (dysidolide)

Corey, E. J. et al. . Am. Chem. Soc. 1997, 119, 12425.

0.3 Changing the order of functionalization (-> Problem 3)
0]

NHTeoc Br Br NHTeoc
(0] (0]
| steps | |
MeO N N N
o H H o H
0-19 0-|20 Dead End!
1. TsCl, 92% .
2. PTSA? >y< avy;j i in thi
ield was not mentioned in this step.
O
Br Br
N N
I I
| steps | |
MeO N N N
o H H o H
0-21 0-22 (discorhabdin C) Kita, Y. et al. J. Am. Chem. Soc. 1992, 114, 2175.

0.4 Changing the strategy (-> Problem 1)

[ allyl-
Grignard

97%

0-24

™" Et,AICN

—_—

81%

0-26

o

0™ o/?) HO 1o

oxy-

Cope

VS :

Ho.C'l A
Me o €y OBz
0-26 (scopadulin)
Dead End! 0-25




(1) Problem 1

TIP
PMBO_ H OTIPS PMBO,.O
° ot
P o=_
. 8 steps
(@) H /C8H15 — > (@) 2
7Lo/ 7Lo/
1-1 1-3
60% (3 steps) 25% (3 steps) <5% (3 steps)
K. C. Nicolaou et al. Angew. Chem. Int. Ed. 1999, 38, 1669.

oTIP
PMBO_ H 1. KHMDS PMBO-O H PMBO-0O

PhNTf, MeO MeO—4
2 S 2. [Pd], CO, MeOH ﬁi R 4‘2}\

O == Oy THR 23RS O  Cpt

_____ X---., 0 B /
s s
C11- /0" 16 |peadEndr  C12- /0" g

functinalization functinalization

& C12 functionalization -> C11 functionalization [cf. 0.3 Changing the order]
+ Unsuccessful attempts to functionalize C11 on 1-8

OTIPS

PMBO_, H
(@)
o "'CgHis

oS pwpo n <OTPS Vicinity of C11/12 seems
2 KHMDZS MeO TfO . sterically hindered.
PhNTT, AR
52% (2 steps) o\ ,//CSH15
C12- O/-
functinalization ) 1-8 .Dead End!

C11-

A\ Tt
OTIPS PMBO OTIPS
O\ H

PMBO_ H
MeO R, @)
11
~ =
@)
0 CgHis O CgH1s
Ve Ve
______________________________________ © 19 /09 1ed
] OTIPS
o PMBO_ H
MeO/O 0
8527 il
// @)
\ oﬁ:/ o "CgH1s
#\O/ 7LO/~ <10% #\O/
112 (not reliable) 113
____________________________________ i R R
.O/g O,: small molecule
’@\ O HO
N =
S HN—J\;\ Nﬂ;\
OQ//::> O__/IZ> OQ__//I::>1-1
[O] O/ O/ O/
1-14 1-15 1-16




1.4 Answer

Pd' Et3N )\(9 =1l P! reduction of Pd"
. OA b

0. .
© Jigand M Cahydriage’ | OAC 10 Pd” in situ

. Et’ Et
O Oy . exchange " . ___ elimination. . _| ___________________.
8. N\8 OTIPS OTIPS reductive
© Fl’ho 1. KHMDS T

Hoa : \
S .)\)\\ 5 PhNTT, e ) 2. PdO
B 0 ‘CgH1s5 o ‘CgHys —
z : oxidative
/~0” /~0" addition
11 117
B L L o | OTIPS
/ L1l O
TfO\Pd)”L TfO- ;u\ ’Pd”ﬁ\ '\aygojl
TfO > 2
OQ// co_ OQ// O / MeOH O “CgHis 3. DIBAL
—_— /- _—
7o 70" 7‘0 />0
1-18 1-19 1-20a 1-6
L (L=PPhj) .
_ 0 _
AN OTIPS +-BuO- Bt Bt pmo y OTFS
acac~ PMBO j N Al—
VA s —O0
\I—LO 029 \ 11
+Bu0-0 " T
7 4. VO(acac), / o2
O ‘CgHis t-BUOOH o4 NC™ O CgH1s
7Lo/ ] 740/' _’ 7%/'
1-21 B 1-22 1-23
5. Et,AICN; 6. MsCl
work up Et3N
C12-selective
cyanation
PMBO OTIPS PMBO OTIPS PMBO OTIPS
»~ HO H o) H 0~ H
N:\A/Z HN:g;\ H2N~§\;\
7. K,COs 7 8. H®
—_— O = C8H15 —> O = C8H15 = O B C8H15
s s s
7L0 1-26 7L0 1-27 7L0 1-28




— (b _ o.> _
o—* o—9 o 6—°0H o,
HN:‘/\Q\ HN=_~ ; HN=X HN-C
3 3
=3 A o A K VAL BT A
— O_O@ O/ 7LO/ O/ 7(0/-

H® \
tautomerization / oH OH
20
HoN Oﬁ\Q\ 074
4 A

Q/// oﬁ/ o
- HZO #\O #\O/: 7( /~
dehydration 1-32 1-36 1-35
disoroportionation tautomerization-
prop dehydration —
OTIPS PMBO.. OH OTIPS PMBO. O

“'CgH1s 0 “CgH1s

o Ho So
1-3 1-4 1-5
60% (3 steps) 25% (3 steps) <5% (3 steps)
OTIPS
1.5 Discussion HPMBO
« Stereoselectivity of epoxidation (1-21 to 1-23) (0]
approach from
PMBO.__H W P Catls
H\/OTIPS 7LO/ 1-23
= O=V\O </ Gt
t-BuO” noncave *
, face NN
1-22 approach from
concave face \
o 134
& Stereoselectivity of cyanation (1-23 to 1-2) (Not obtained)
+ mechanism 1 (loose-SN1) + mechanism 2 (intramolecular participation)
Et Et o Et Et o — (Al
Alf A= ~ OH
TR s, SR, | ) el
NC~ &+ loose-SN1 NC\>\\ - NC~<
O\ //looseSi1 NO~A A (TS| NSRS
; attack from : stereo- v stereo- z
/>0 convex face #\O/ / O inversion /0 inversion #\O/
1-23 1-2 1-23 L 1-35 | 1-2
¢ mechanism 3 (SN2 -> epimerization)
Et Et o
Al=__ o)
B I
SNV Sn2_
NC
7L ; stereo- Z  epimerization E
@) inversion 7’\0/ o
1-23 1-36 1-2

-5-



HO HO
OI': HO/,,
: Et,AICN NC

III ,II
o CgH1s
s 7
70" 4, /70" 137

-> Mechanism 2 is implausible.

HOS
- :
| ERAICN NCL¥—
‘CgH1s o

 Stereoselectivity from 1-35 to 1-36

OH
attack fromH <@ H on
o-face OopumB ' OPMB
P HL HN"[ OH ) —
Z = —
HO, o ~ o H O H
PMBO_.O OTIPS \—OTIPS \_>\—0TIPS
M 1.352 CoMis 1.3¢  C8His
= HO
0~OH .
o 5 "Gy HN ¥ OH opyg N OPMB PMBO.Q y (OTIPS
: $ o</ HTOHL | O= HAL HN
7 —
/70" 1-35 N H A™ H = 0=~
attack from \ o l_?TIPS \ o I—?TIPS O : CgH1s
pface  1-35b 815 1-39' 815 o~ 1-39

& auto-oxidation under basic/weak-acidic conditions

: 65%
7Lo/ 1-40

-> Acidic condition is important for promotiong tautomerization.

' OTIPS + basic X
| PMBO. OAg, K,COs: ;
[ NaHCO; aq. !
NIz 0, ;
! oY\ "“CgH1s :

& Reaction of 2-aminofuran

X NC
Eto/\r HoN

| O,N© My TN 05 NG HN— O35 :
| \ / 9L \ __CN \ / N \ /} |
L m 1-42 1-43NC 1.44 NC |
; (15%) (7.4%) :
HOMO coefficient of 2-aminofuran (calculated with AM1)
1 1 1
1 6 1
: 0 :
| HZN\@5 c2| 3| ct | co !
5 2~ 046|049|-0.26]-0.52 5
S 1-42 . _________._..____Ramsden, C.A. etal J Heterocyclic. Chem. 1993, 113, 30.,



(2) Problem 2

?

DMP must be used
as the oxidant

2.1 Background

R,
il “CgHis
"lock-up" 2 -—~R2
structure 2 6 Dead End!
very fast *
HO R’ O>
R\ owe \2s DIYP
R:‘}\?‘\ EEEEE
HOW "'CBH15 HO 08H15 \ "CgHys HO
R2
2-1 2-2 2-3
K. C. Nicolaou et al. J. Am. Chem. Soc. 2002, 124, 2191
<Now>
| 22 — =" 26 |
) [open] [cloﬂ (b) <Tuning 2 ~ control of the veloc:|ty>:'
! L 2.3 —x DeadEnd! 29 ——= o :
[open] ---- ““[closed] [open]. _ [closed]
| L= 9.3 <x DeadEnd! L 9.3 =x Dead End!)
2.2 Answer [cf. 0.1 Tuning reaction conditions]
& Control of equilibrium ~ ring(closed)-chain(open) tautomerization
o Me oy  ring-chain
I U tautomerization HO@ ;
: 2-11 2-12 ;
| [chain/open] [ring/closed] !
+ solvent effect + effect of water
! Er% 212 (%) H,O:dioxane | 2-12 (%) H,O:DMSO | 2-12 (%)
| cyclohexane | 30.9 43.8 0.00:1.00 45.5 0.00:1.00 36.0 !
! CCly 325 427 0.40:0.60 43.9 0.16:0.84 32.5 |
: dioxane 36.0 455 0.61:0.39 42.7 0.36:0.64 23.0
CHCI3 391 427 0.81:0.19 39.6 0.52:0.48 12.5 |
! acetonitrile | 42.2  44.0 0.93:0.07 27.1 0.61:0.39 7.5
DMSO 450 36.0 0.96:0.04 8.0 0.72:0.28 0.0 !
! formamide | 56.6  45.8 1.00:0.00 0.0 1.00:0.00 0.0
|____“Dimroth's Ervalue of polarity Whiting, J. E. et al. Can. J. Chem. 1971, 49, 3799.,



HO_ Me Me ring-chain Me O

OH 0 OH
HO><_// + H,0 U tautomerization HO

213 2-11 2-12
[chain/open] [chain/open] [ring/closed]

-> Addition of H,O inhibited ring-closing.

' o effect of temperature 2-12 (%)
solvent 15°C 25°C 50 °C
dioxane 46.1 455 428

H,O:dioxane = 0.96:0.04 | 116 80 45
H0:-DMSO =096:0.04 | 44 08 1.0 | \yhiting, J.E. etal. Can. J. Chem. 1971, 49, 3799.

5 DMSO 372 360 32.9

« Control of the velocity of DMP oxidation

+ increase in the amount of DMP
+ elebation of temperature

+ effect of water in DMP oxidation

OH DMP, H20
O B2 O
“ph Ph
2-14 2-15
entry DMP H,O time 2-15
1 15eq. 0O0eq. 14h 97%

2% 15eq. 1.1eq. 0.5h 97%
3 49eq. excess 1.2h 98%

-> Addition of H,O (1.1 eq.) accelerates DMP [O].

[
Martin, J. C. et al. J. Am. Chem. Soc. 1991, 113, 7277.; Schreiber, S. L. et al. J. Org. Chem. 1994, 59, 7549.

_____________________________________________________________________________________________________

& Nicalaou's success

CsHg DMP (5.0 eq.)
benzene, 80 °C

“CgH1s 49%

TESO” 2-9 TESO™ 2-10
K. C. Nicolaou et al. J. Am. Chem. Soc. 2002, 124, 2190.




(3) Problem 3

Choose the proper protecting groups (R'-R3).
0]

R'0.0 CsHg R'0.0
o} [O]; 0o
O:/\;L Arndt-Einstert O:/\;L
R0 “CegHis T R20W
HO' 28317 R. 318
o)

040 OH

o

construction of
y»-hydroxylactone O'—=<
< o)

3.1 Background - Dead end and new plan [cf. 0.3 Changing the order]

Old
Strategy /construction of

y-hydroxylactone

Arndt-

3.2 Answer
& R'and R?

approach from
convex fa(c)e o OR!

S

28
OH
317

If R? is too larege, functionalization on C28 seems difficult.

"CgH1s  construction of
y-hydroxylactone

: DDQ CSL 0 _ _
: kﬁ/k OMe
'OH OPMB__OH O . Uh R]

! = 3-23

'R “ R

L 321 321" y

. [A|](:H\\

: o 0

s o
: 3-24

Einstert

‘CgH1s

HO 28320
acetal-type protecting group




- — structure
K. C. Nicolaou et al. J. Am. Chem. Soc. 2002, 124, 2202. :

PMBO_O CsHg
o 1. AcOH
N 2.DDQ
O CeHi1s 49% (2 steps) :
/ 0/28 39 HO/283_17
K. C. Nicolaou et al. Angew. Chem. Int. Ed. 1999, 38, 1669
* R3
unexpected reaction
PMP. (0] H T HO H . HO H o
E KO AcO ACO ACOO\. E
: O /Z HO /Z /_ %\ |
: - CSA _ _ 0 - |
RO 28 RO-_ 28 “90% :
| o M o 324 locked =0 315 Dead Endl 1 316 |

new protecting group

HO_O H + R3 should be the same degree of oxidation as carboxylic acid (For shortening steps)

) o o ) )
%ﬂ\x }aﬂ\o)]\R /LL'?-JJ\SR }%JJ\OR

acyl halide  acid anhydride thioester ester

more reactive than ester less reactive than ester

' R3 ... ¢ can be deprotected under mild condition. E
E + should be stable to oxidation (construction of y-hydroxylactone).

<Easily deprotectable amide groups>
+ use of aromaticity

_________________________________________________________________________________________________

Acylpyrrole/
Acylindole precursors

(@)
ey
0 3 26\
LiOH, rt -£ba
L -

or

| 325 : ?L

5 2

N\ ::> or
| 3280 \

: answers of R3)

J

easy deprotection Able to inhibit side-reaction
-> too reactive... (See Appendix.):

-10 -



+ Use of Martin's sulfurane

e CTTTTTTTTTTTTTTToTmTmmmmmmmmene e STt easy """
! Phph\ Ph Ph gsc CF3 deprotection |
| FaC CFs ;LJJ\N,Ph /JJ\N,Ph /”\OXPh |
| 1. Martin's sulfurane (Y Ph_Ph u |
! - P —/S\O CE, —= Ph—S® ., 33 :
_— F3C)<CF3 o gzg 3 " 340 o
| - - o—"1 . ) - © |
: Ph™ "O 1 2.0H !
: 2.0 5
! 3-25

Martin, J. C. et al. J. Am. Chem. Soc. 1975, 97, 6137. !

R\NH o 0 0] Maleic anhydride is compatible
I ' ' comp:
ON J}s{ )L rrvs\ with photoirradiation

H20_ Ho

- 3-33 - 3-25 Amit, B. et al. Tetrahedron Lett. 1973, 14, 2205.

Answer of R3:
amide (easy to remove, compatible with oxidation, ...) = ex. 3-27, 3-28, 3-32

3.3 Result
# Use of acylindole precursor 3-27b

3-34 3-35
# Use of phenylanilide 3-28

“'CgHys DMP, 80 °C
O/ 45%

3-36 3-37 3-38 (desired)
Not obtained.

(For detail, see Appendix.)
K. C. Nicolaou, et al. Angew. Chem. Int. Ed. 2002, 41, 2678.

-11 -



3.4 Successful Route

CeHo, 1ea
o= 2. TfOH

, 83% (2 steps)
HO . HO
- CgH1s
7
5.[0]
6. MsCl
23% (5 steps)
Arndt-
Einstert
9. TFA 12. LiOH;
10. DMP . S NaH,PO,
75% (3 stegs) O~/ 70% O~ 72%
Q\/ 3-44 T\T 3-45
g O
O
Cl Cl
13. PTSA
90% Cl Cl
O
p-chloranil

-12-



Appendix:

(1) CP molecules

& CP molecules

¢ (+)-CP-225,917 (0-1, Phomoidride A)

4 (—)-CP-263,114 (0-1, Phomoidride B) o= 0

& Isolation @

4 by Pfizer Central Research (Dr. Kaneko's group)

4 from an unidentified fungus on a Juniper twig in Texas
J. Am. Chem. Soc. 1997, 119, 1594. ent-0-1

ent-0-2
+ Bioactivity (ent-Phomoidride A) (ent-Phomoidride B)
4 Inhibition of squalene synthase
4 Inhibition of Ras-farnesyl transferase
J. Am. Chem. Soc. 1997, 119, 1594.
# Four total syntheses
¢ Prof. Nicolaou ¢ Prof. Fukuyama ¢ Prof. Shair ¢ Prof. Danishefsky
<rac. form> <as. form, 1st> <as. form> <rac. form>
ACIE, 1999, 38, 1669; 1676. JACS, 2000, 122, 7825. JACS, 2000, 122, 7424.  ACIE, 2000, 39, 4509.
<ent. form> <as. form, 2nd>
ACIE, 2000, 39, 1829. OL, 203, 5, 2235.

(2) Convestion to acylindole

MeO OMe
0 CICI 0 L1 0 0 |
5 Amberlyst, 45 °C b CSA 5
: j%LNHZ 3§\T:j>: B OMe ;y\wij>:
=/ OMe OMe =/
L 3-27a, 3-26a ' ! 3-27a, 3-26a

Tetrahedron Lett. 1983, 24, 1569.

3-27b, 3-26b 3-27b, 3-26b

.0 o |
! :EJJ\N 1.AcOH}-LJJ\N ;
: H 2.DDQ _ !
' TESO :
| 3-27b, 326b |
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(3) Side-reation of phenylanilide with DMP
(cf. 130216_PS_Hidenori_Todoroki)
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