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Total Synthesis of ()-Pseudolaric Acid B
rodical cgcliaalion B. M. Trost et al. J Am. Chem. Soc. 2007, 129, 14556.
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Bioactivity

* the extract of the root of Pseudolarix Kaempferiis Chinese herbal medicine

for the treatment of dermatological fungal infections.
* contraceptive effect
+ cytotoxic to several cancer cell lines in vitro
« an agonist for transcriptional activation of PPARs
« inhibits angiogenesis by diminishing the secretion of VEGF in tumor cells.
+ inhibits the polymerization of tublin in multidrug-resistant cancer cell lines.

PPARs : peroxisome proliferators-activated receptors

VEGF : vascular endothelial growth factor

Pseudolaric acid A and B were isolated in 1965.
The first successful total synthesis is established by P. Chiu et al in 2006. (Pseudolaric Acid A)

(Evans catalytic asymmetric aldol reaction and carbene cyclization cycloaddition cascade reaction)
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Scheme 2. Retrosynthetic analysis of pseudolaric acid A. HWE=
Horner—Wadsworth—Emmons; CCCC = carbene cyclization cycloaddi-
tion cascade; PG, PG’, PG" = protecting groups.



1. Retrosynthesis
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2. 15+2 lo ition of x -compon nd vinylcyclopropan

2-1 Rh catalysed [5+2] cycloaddition
(a) intramolecular reaction (7 -component : alkyne, alkene, allene)

P. A. Wender et al. J. Am. Chem. Soc. 1995, 117, 4720. Tetrahedron. 1998, 54, 7203,
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Table 1. Cycloaddition of Ene—Vinylcyclopropane 1 fe 2. Transition Metal-Catalyzed Intramolecular [5+2]

i loadditions of Vinyleyclopropanes and Alkenes ¢
MeO,C. RhCI i
" ﬁid Cl (P.Ph_;)a MeO,Ca Vlnylcy:i'opropane— Reaction Conditions, l_/ ML, b N —
Me0,C additive Mel OZC"" Alkene Cycloadduct(s) Time, Isolated Yield x\/\/k —k
H Fos
1 A : A 17 h a £ LM c d
1 o
2 86-93%
mol % ot time  yield! (see Table 1) b’

entry  RRCIPPh)s  additive (M)  (h) (%) S~

1 o1 AOTE 10 15 90

2 0.1 AgOTE 10 17 86 \’\/4
3 01 AGOTE 04 17 88

4 1 AgOTf 0.05 5 93 3
5 5 AgOTf 0.01 2 9 1

6 10 none 0.005 25 q,d cd1n
¢ Reactions were run at 110 °C in PhMe. ® mol % AgOTf mol % 92% il E e

'I-){r}l}(lilg’:ch;l)é < Concentration of 1. ¥ Isolated yield of 2. * Reaction run E: E \‘&ﬂ 4 @]
= N ~
* entry 5 ! isomerization (Teble 2) Cid chih o 5 BV "
94% tANGUCC s 4‘6’1,4.{

* entry 6 : tether = 4-atom

8° 10h proposed mechanism
70% (94% by GC)
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?E = CO;Me. 0.1 mol % RhCI(PPhs)s, 0.1 mol % AgOTT, PhCH;,
110 °C, 1.0 M. © 5 mol % RhCI(PPhs)y, 5 mol % AgOTf, THF, 65 °C,
0.01 M 410 mol % RhCI(PPhy);, 10 mol % AgOTF, PhCH;, 110 °C,
0.01 M. <5 mol % RhCI(PPh;)s, 5 mol % AgOTE, PhCH,, 110 °C,
8821 ?dﬁ /10 mol % RhCI(PPhs)s, 10 mol % AgOT{, PhCH;, 100 °C,
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Performance of [Rh(C0).Cl); vs (PPhs);RhCl in Table 2. Performance of [Rh(C0);Cl)z vs (PPh3)3RhCl in
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Alkyne—Vinylcyclopropanes Alkyne—Vinylcyclopropanes . . Rh C]_
: A s s = more reactive than (PPhs)s
i il Ph m . . - . - .
(C:; ‘\ﬁ__) ‘O;) Coa 0 (no isomerization, milder condition)
13 14
1, (E¥(Zy= 3311 1 3 i 5% [RECI(CON]; 78 65 °C, 15 min, CDCly
5% [RhCI(CO)], 0 110-°C, 20 win, 5% [RECI(CO);h 80 30°C, 14 b, CDCly
10% (PPhy);RhCUAgOTS 10 10% (PPh;);RACI 80 10°C, L5 b}
TMS i MS
’,«
15 16
o 8 30 °C, 14 h, CDCly
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7, (EN(Z)= 3.311 1% [RhCHCO)]z 89 2M, 110 Tci)?;':
5% [RhCHCO);} 110 °C, 20 min 5% [RECK(COY]; 79 30°C, 16 b, CDCl, . 5
10% (MTWA:W & 100 °C, 17 h, THES 5% [RhCI(CON 2 & 110 °C. 20 min « substrate 20 : no reaction
0.5% (PPhy);RRCUAGOTS 83 I M, 10°C, 20 min |
E’Q :¢ ¢ Lo P o «— reductive elimination is difficult
10, (EM(Z)= 3.3/1
5% acOnh 2M, 110°C, 3 b ‘C:/A Q0O
}3RRCI :n 10°C. 24f 19 20
e e - 1 RO 0w
2 Unless otherwise noted, toluene is used as solvent. » Forma- 10% (PPhghRRC s 10°C, 247
n of a complex mixture of products.© See ref 2. ¥ Slow addition
substrate. :\(::/A ?CO
21 22
_ S®RACHCOR), _ __ _ 0 _ _ _ _110°C48h
0.1% (PPh3)yRhCUAgOTT 90 110°C, 15 b,

= Unless otherwise noted, toluene is used as solvent. # See ref
2. ¢ Slow addition of substrate. Y The low yield is due to product
volatility. ¢ See ref 3.



P. A. Wender et al. J. Am. Chem. Soc. 1999, 121, 5348.

Table 2. Transition Metal-Catalyzed Intramolecular [5 + 2]
Cycloadditions of Vinylcyclopropanes and Allencs

Table 1. Cycloaddition of Allene—Vinylcyclopropane 1 .
Vinyfcyclopropane- Cycloadduct(s),  Conditions,

Time

ERU Allene® Yield
MeO; B RhMLA  pMeose 1 2
Me0,C” MeOsC” 1. 89-96% (See Table 1)  A,5h
H R R R
1 2 R R
H H
b E R E, E
entry catalyst mol % Rh solv concn®  yield & & =
H
3

1 RhCI(PPhy); 1 PhCH; O1M  96% )
2 RKCI(PPhy); 0.2 PRCH; 10M  90% 4 5
3 [Rh(CO)Cl}. 1 DCE*F 0.1 M 89% 2. aR=H 68% (4a:5a=1.1:1) B, 10h
o 3. :R=H 83% (da:6a=>20:1 C,35h
« Concentration of 1. * Isolated yield of 2. < DCE = CICH,CH,CI ‘ :: g e (4::s;=2: g ) e
5. b: R =Me m(‘b:5b=>1077) E 0.75h
R R R
J R :
e € S S SR E E
.: H B E H EBUH ‘ 6 i";
TE U Rh cat. \‘... oy — 6. aR=R=Me 93% F.2h
| E E }An} g ) , 7. b:R=tBu,R'=H 91% F.1h |
; 1(91% ee) 2(92% ee) | 8. b:R=tBu A'=H 88% D.1h T T T s e m s s e e
; . H '
T T T T T T 'rswf\’/2 Tsu::\b :
H I
8 ] :
9. 85% D,05h
* mono-, di-, tri-substituted allene 10. W F.075h !
+Bu !
. . E E, ]
in good to excellent yields s"Q(A 2 |
H |
5 i e 10 1 !
* ring fusion selectivity can be controlled 1. 70% & 16h !
1
by changing catalyst (entry 2-5) “E = CO;Me. A; 0.2 mol % RhCI(PPhs)s, PhCHy, 100 °C, 1O M |
B: 5 mol % RhCI(PPhy);, 5 mol % AgOTE, PhCH,, 100 °C, 0.01 M. 1
S T . . C: 5 mol % [RW(COY,CI],, DCE, 90 °C, 0.003-0.01 M. D: S mol % | < €z
* chirality is conserved in reaction RhCI(PPhy),, 5 mol % AgOTE, PhCH;, 0.01 M. E. 10 mel %
RA(CO)C PhCTy, 110 °C, 0.01 M. F: 5 mol % [R(CO)Cl]:, PACH;, ' Figure 1. ORTEP diagram of [(CHgRh(cod)]*SbF, (1

100 °C, 0.01 M. G: 5 mol % RhCI(PPhy);, 5 mol % AgOTTY, PhCH,,
Ellipsoids drawn at 50% probability level.

100 °C, 0.01 M.
| I S T il ik b e
new Rh catalyst : [(ClOHB)Rh(COd)]*SbF & P. A. Wender et al. Angew. Chem. Int. Ed. 2002, 41, 4550.

Table 1. Performance of complex 1 with a variety of alkyne vinylcyclopropanes and alkene vinyl-
cyclopropanes.

S W
Entry Substrate, cloadduct, Conditions X X :>
Catalyst o Yield %/ N
= 19 _
e 5 L 6% 19k, 60°C,003m |
21a, 21b
(16 Tomel%i 75% (a) 10h, 70°C, 0.03m
a2 X=C(COMe), N NP | 5mol % [RhCI(PPh,),], AgOTf 78% (b) PhMe, 15 h, 110°C, 0.01m
(1 2mol%1 15min, RT, 015 | 18 5mol % [RhCI(PPh,),], AgOTF 67%, 2.3:1 (a:b) PhMe, 66 h, 85°C, 0.01m

PhMec, 3 h, 110°C, 2.0m
TFEM 19 b, §5°C, 0.01m

1 mal % [{RhCI(CO),},]
10 mol % [RhCI(PPh,),]
. 4X=NTs

... S mol% 14

[a] Unless otherwise indicated, each reaction was run in a tightly capped vial at the indicated temperature,
catalyst load, and concentration in 1,2-dichloroethane. [b] Found 85% with BF,- anion. [c] TFE=222-
T trifluoroethanol. [d] Catalyst added in four aliquots. [¢] 1-g scale, found 96% with BF,~ anion—

65 min, RT, 0.20M_

streo- and regioselectivity of cycloadditions of 2-substituted-1-vinylcyclopropanes
P. A. Wender et al. Org. Lett. 1999, 1, 2089.

Table 2. cis-2-Substituted-1-vinylcyclopropanes

i Table 1. trans-2-Substituted-1-vinylcyclopropanes
'

R 10mol% Rh(l)
o X
y PhMe, 110°C g 10 mol% Rh(l) E

!
D v R
' .2 0.01M H N ~R *
: E = COMs B A ng%sg‘ﬂ C E ) =
y R i Enty R Catalyst* Time Product YiekP A:B:(X)®
. = ' cuonp Rh(PPhahOTt  1.5n 4 9% 1:0 Entry R Catalyst® Time Product Yield C:0°
z i .2 . [RRCORCIL  0.5h 4 B8% 23:1
4 S ath [ 1 cHoHOS)  RMPPROT! 1h 16 sa% as5:1
W i CH;0Ac (5) Rh(PPhgsOTI  2h 6 92% 1:0 P & — 2 . [RMCORCE  1h 16 93% 9.0:1
'_i' 4 . [RR(CORCIL  1.6h 6 85% 2.5:1 3 CHOTBS(17) Rh(PPhsOTf 2h 18 81% 1:0
1
(mm , , <:© R 5 CHOTES®  RNPPIOT  th 8 e 1:0 4 . RACOKCE  1h 18 9% 1:0
HoL .6 . [Rh(COYCTY, ith 8 86% 85:1 % 5 CHO@9  RhPPh)OTI  4h  —  decomp. -
. - . . Rh(CO) a:
7 CcHOG@ RN(PPhaKOTf  18h  —  dacomp. - ?(l 1 {3‘1 [RHCOXCIL  15h 20  92% 1
8 # [Rh(CORCIE  05h 1 0:1:(1.4)] " b Lo OPMBRIL, DUPTROTE_Er 2. B B
% - 0 68% 0:1:(14) 8 . [Rh(COLCL 2h 22  98% 15:1
R g . [ANCOXCL  8h 10 8% o0:1
i *Ah(PPhalOT! = Rh(PPhasCl+ AGOTT (1:1).® isolated yields. Sratios
H c determined by g.c. analysis. %eaction at 55°C

pafh A E-
13 [Rh(CO)CIL 1h 14 93% 1:11

*RI(PPhIROT! = ANPPOCL AGOT!(1:1) Beciatod yiold, ratos doarmineby RN LPPR2y O potha 7
g.. analysls, (X) refers to Isomerized bypraducts. %reaction at 55°C hi )
: byprodu action a {Rh((@h(‘ﬂ ]1- P"\‘_h {9"

4.

¢ 10 COM(IY) Rh(PPhakOT!  2h 12 60% 4:1:(1)
._..._----———--——-—---I1 1 ) [Rh(COLCIL 2h 12 73% 1:22
12 COMe(13)  RhPPh:OTf . 1h 14 81% 20:1_
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P. A. Wender et al. J. Am. Chem. Soc. 1998, 120, 10976. Rk i o e« W o s 5 e
new and pracrical 5C component Scheme 1
o] Na, TMSCI OEt MeOH OEt
| | a~A OEt  EO,reflux  TMSO it HO
0 R 0.5 mol % [Rh(CO),Cllx R' i 69% 2 84% 3
CE - 2@
CICH,CH,CI, B0 *C; H* A?
o} g2 " MgBr _ Tesow Z
10min-2h ’g
5C component  2C component 75-97% Et;0,0°C—n HO & G-Luhdma TESO
upto 100 mmol  1.2-1.3 equiv B4% 5
P. A. Wender et al. Org. Lett. 2000, 2, 1609. Scheme 2
* no decomposition (temp : 40 to 80 °C) 2
* 6-fold increase in reaction rate using 10-fold decrease in catalyst loading ’; 2-methoxythanol E '( T aowo
78°Cont 44-57% (2 steps)
* reactive functionarity are tolerated, it can be conducted on large scale
I |
[0 < 1.3 equiv CHaly [O P
e ——————e
3 T g o Zn(Cu), AcCl, Et0 O»g
further studies for application of this new 5C component] i o "
(1) Serial [5+2]/[4+2] cycloadditions (2) [5+2] cycloadditions of allene and vinylcyclopropane
P. A. Wender et al P. A. Wender et al. J. Am. Chem. Soc. 2005, 127, 6530.
Scheme 1. For Details See Tables 1 and 2 - > <
Angew. Chem. Int. Ed. 2001, 40, 3895. o O a S DRetAsa AR PLYCE i D Frlaclorety
_1% HClin EIOH_ R* + 2 s i S ;
Table 3. Scale-up study of the [5+2)/[4+2] cycloadditions. E ’6 ‘ ° Sl e \R Rt ety R B Bk e
o Rt A2 (Blq:dl-q
M 30q 4aq 7 i ~n Me T @Iy
AN o // Table 1. Cycloadditions of VCP 1 with Various Alkynyl-Substituted CO,Et Me Me 36 ot
—0 o o [R(CORCIL] Allenes 1 o
/‘ﬁ + <_>{ + W e Sy 7 o] Entry R R B Th  Yild(®r 3 CN H Me 1 99(2:3)
74 Y 0.5u, TCE, “( 4 CN H H 36 nrt
4 5 ° 7080 °C; H* NH (3a-k:da-k) .
J 1 =—TMS H Me 1 95(18 N H =§=<:> bowe2
5 ; = ph CH(I;O! Me 1 83(1:L6) oN H  HMe 1 52020
ol =—Ph LCOEt Me 1 92 (1:2)
Entry Mol % Catalyst t[h] Scale Yicld [%] 4 = pn CH, Me 3 80(2:3)°  “nr. = mno reaction, ® Dia._stfdr:nmers could not be separated by colu
L hE .k =k R
3 1 mol% 6h 10 mmol 92 6 ==—CH,CH,0H CH, Me 1 65 (1:1.2)
t 1 mol % 6h 100 mmol 9 7 ==—CH,0Me H Me 5  45(1:13)
a] Yields of isolated products. 8 ==—CHyNBny C.H, Me 1 22(1:2.2)
9 =H CH,CO,Et Me 24 nr* L. . .
10 = cH, Me 36 nre *additional coordinating group
11 =—Ph H H 36 .
* not react with alkynyl group
b Di could not be sep d by column

=m0 ;
k chmmatogmphy < Isolated yields.



P. A. Wender et al

Mechanism of [Rh(CO);Cllz—catalysed intermolecular [5+2] cycloaddition]| JACS. 2004, 126, 9154,
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Figure 1. the mechanism of catalyzed intermolecular [5+2] reaction between alkynes and vinylcyclopropane
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Figure 2. The energy surface of the catalytic cycle of (5 + 2) reaction.*

activation free energy of oxidative coupling step pathway I 21.9 kcal/mol pathway II 29.7 keal/mol

(c) recent developmemt
1) asymmetric catalysis of [5+2] cycloaddition of vinyleyclopropanes and x -systems
o1 ‘Ecmeniogiof Ligandls” P. A. Wender et al. J. Am. Chem. Soc. 2006, 128 6202,

. (Rh(P—£* A OO Pha 1 rable 2. Asymmetric [5 + 2] Cycloaddition Reactions®
‘/\V Sy (10 mol%) O<:© P\m‘/ o entry substrate cycloadduct conditions yield, ee
A 001 MinDCE f o o B . 8
H Phy E Sch ¥
2R=H ) | eme 2. Stereochemrstry-Detennining Steps
4R =Me [((R)-BINAP)RN]* E XN A
1

1R=H
3R=Me Favored
entry substrate, ligand (P—P) temperature conversion _ee TR=Me 8R=Me 70°C,2d.0.05M  72%,>95%" (Major)
| 1, (5,5)-DIOP t 80% 28% 2 9R=CH,0Bn 10R= CH,0Bn 70°C,2d,001 M 80%,>99%"
2 1, (R.R)-CARBOPHOS 70°C >99% 51% 3 11R=H 12R=H 50°C,1.5d,003 M 73%, 52%°
3 1,(RR)-ELEtDUPHOS 70°C >99% 23%¢ e H
4 1.(55-BDPP 70°C >90% 449 TéN Ts,(@
5 LR-BINAP __ « 5% Hﬁg&wl ey A A
5 %
PR 0% AR RRr CO% ) 4 13 4 4060°C,84,001M 90%, 96%

1
H
E 4 E z
? Opposite sense of induction. ® 10 mol % excess ligand was used E N | Disf: d
wenthetical value is GC yield. ¢ DCE = 1,2-dichloroethane. Conversior B (Minory
5 15 16

| ee were measured by GC. 70°C,6d,001 M 92%, 95%
=
X X
\/\/A @
17

: 6 18 X =TsN m,2d,001M  87%, 56%"
heme 1. Proposed Model for Stereocontrol 7 19 20X=0 70°C,2d,00l M 95%,¢22%
cleavage first H
% 0 “ Determined by GC. ® Determined by HPLC, i-PrOH/hexane eluent,
f‘—'Rh"""!&* H CHIRALPAK AD column. ° Determined by GC following treatment with
R H R m-CPBA. 4 Conversion determined by GC; 10 mol % excess BINAP was
0 Ay used. © Conditions: 10 mol % [Rh((R)-BINAP)]* SbFs~. E = CO;Me.
. ~Rh*_ ||y
1 H o'(l .
y - R H
c
cleavage second F‘u



(ii) computationally designed two component [5+2+1] eycloaddition of ene-vinylcyclopropane and CO
P. A. Wender et al. J. Am. Chem. Soc. 2007, 129, 10060.

Table 1. Optimization Studies of the [5+2+1] Cycloadditions
o]

Scheme 1. Rationale for the Two-Component [5+2+ 1] Reaction

° T Y H H
’- ¥ MeO.C, 66 m_f,. MeO,C, E
I~ [R(CO)CI] XCCRJ':_ | rRE XCQ Me0,C Ny, Moo, e
X e e B | e H H
\/'\\/A . not easy 4 2(cls) a
: L I ] 5 + 2] cycloadduct
Ene-ver (e 2liciein co catalyst T conen [ yield
Lm”+ co entry  [aim] [mol %] [°C)  sovent (M} [ [%|
[ o o, 1 o I 0 10%[RKCORCI, 110 toluene 005 24 107
SR O 21 5%[Rh(CONCI] 80 dioxane 0.05 5 44
w| MRE 34 5%[Rh(CONCI] 80 dioxane 005 24 8
casy 4 02 5%[RhCOKCH, 80 dioxane 005 5 704
= 5 02 5%[Rh(COLCL) 60 dioxane 005 48 17
- 1 [5+2+1)cycloadduct 6 02 S%[RMCORCIL, 90 dioxane 005 5 70
702 S%[RhCOXCI; 100 dioxane 005 5 6
8 02 5%[Rh(CONCI] 80 DCE 005 5 6
9 02 5% [Rh(CORCIL 80 toluene 005 12 14
10 02 5% [Rh(COKCI], 80 dioxane 001 5 68
- 1102 5%Rh(CONCI] 80 dioxane 020 5 34
computed energy (X = CH) 12 02 10%[RhCO)CI, 80 dioxane 005 5 72
_ B ) 131 10%RhCI(PPhy); 80 dioxane 005 17 NR
RE (reductive elimination) : 25 ~ 30 keal/mol 41 ]W?Oiéhglg%’_?;;)ﬂr 80 dioxane 005 18 23
o
15 1 S%[RMCOXCI,+ 80 dioxane 005 13 7
10% AgOTF

CO insertion step : 13 ~ 14 keal/mol

@ Accompanied with a [5+2] cycloadduct 3 (59%); see Supporting
Information for details. ® Cis/trans = 5:1. ¢ Conditions: 0.2 atm CO + 0.8
atm Na. 7 Cis/trans > 20:1. ¢ Cis/trans = 4:1. / Cis/trans = 1:1.

MRE (migratory RE) : 23 ~ 24 kcal/mol

Table 2. Rh(l)-Catalyzed [5+2+1] Cycloaddition Reactions of Ene-vinylcyclopropane Substrates and CO2

e E‘ il ~F /J E, ~7 ~Z /“/ #
S, X a s ed,q T’"ixa. & 0 Mk AR L p Wy
4 8 8 10 12 1

16 18 Ph 20
o] o] ol o

WL P P H H H

& 5

adducts H E H H H
H H Ph Ph Ph Ph

7 ] 1 13 17 19° 21

29% 90%°

4
o
d
H oy
15
92%

1

" [e] " [0}
0 0

- TsN

E

H H

2 5

70% 81%

9E= COch: Isolated yields were reported unless otherwise indicated. ® GC yield. Isolated yield is 44% owing to the volatility of the product. © Confirmed
by X-ray analysis. 4 A [5+2] product was obtained in 11% yield. ¢ Combined yield of diastereomers (trans/cis = 5: 1).

90%° 71% 78% 73% 3%

(iii) origins of differences in reactivities of alkenes, alkynes, and allenes
P. A. Wender et al. J. Am. Chem. Soc. 2008, 130, 2378.

o W Reductive ¥ vee
Catalyst =3» VCP Catalyst = mgf;m i : Catalyst =3 Complex 1
Complex Complex :/ZI %"I Complex Pm;m
NeL e, e /)ﬁ id COMe ;\“ {-’.'Tﬁf OMe ~ 5
_;C.Fi»(\\ M Gl F«;‘riLA,,Me F‘.h"Ar-,Me b1 'q.n_AoMa c, ;;_:RNFQMB Me
i of . ,,'C' - ) hd h D G
A ¢ ’ TS-4a & TS-6a g
Rxn
Progress
Ta >
2 -228 8a
0.2 -6.2 Ethylene -216 oo -36.5
> _ e y“ ﬂamsc - 18 F : o s g1,
?,‘g Allene 333 ) }‘ ——t42
< S - mu? .
|& :§ Acetylene othylene - > 4.3 T~ -
gi‘— SRR allewe - 20.9 6
acetylene ~ (4.5 (keelsigl)

Figure 2. Free energy reaction progress profile for the Rh-dimer-catalyzed intermolecular (5 + 2) cycloadditions involving acetylene, ethylene, and allene.
. hfi hgc‘t anes g“'f Tronad o sTale
allene and acetylene atlene acefylene = 27~ enses{ion
. . éfhrf'lause = veduclive ol mindlon
RE step was assisted by developing ligand = -Rh coordination.

-Osaé’/lrg@m‘c at &>

+ ethylene ethyieve = §3
RE step is unassisted because of the lack of = -system. ollene 24 |
0 ceTy lene J3. o )
( Keal /w' )

7



2-1 Ru catalysed [5+2] cycloaddition i CC} L <_Lq |

{

scope and limitation]  B. M. Trost et al. Chem. Eur: J. 2005, 11, 2577. e N 5
' |

Table 1. (Continued) Table 1. (Continued) R _\;‘L“
Eniry Substrate Product Yield [%]  Enuy Substrate Product Yield [%] @ A e 4
o ™S | O _
o
=—TMs ; o Q

5 (EZ=241) 6m 82 (3.7:0) ML

o ™3 /“*—< > ;
o]
& 6o

s 16 ‘} 78 (1:14)
So

6m’'

ML, = [RhCKPPhy), [RH(CO),CIL, or [CpRU(CH,CN)LPF,]

7 Schcmc 2. Mechanism A for lransmun mcta]-cala]yzcd. |5+_2] cycluaddl o

A A =
o L SNk Yo

18 TsN s
15 N 6o 8 (62:1) L R L, o =-R 1+l
” " " o S|
-+
6o’ R

this Ru-catalysed reaction most likely proceeds according to mechanism A W E
. |

* Alder-ene reaction : ruthenacyclopentene accommodates all observations S
Scheme 3. Mechanism B for transition metal-catalyzed [5.-2] cycload

* observed in entry 13, 15, 16 &z ; tions

B -hydride elimination

.
I
|
I

Z-olefine favors 8 -hydride elimination /_//
remained cyclopropane moiety ° & SA : E>C\/_<] K_{d ’C\Cﬂ
+ difference in tether length — 'no reactlon 5 E=Cole

( lp W o~ L} ‘2 ) Scheme 4. Proposed ruthenacyclopentenes derived from frams- and cis-
olefins So and 5o’

Igreo- and regioselectivity of cycloadditions of 2-substituted-1-vinylcyclopropanes|
B. M. Trost et al. Chem. Eur. J. 2005, 11, 2577."

Table 3. Regioselectivity of the cycloaddition of trans substrates.

R Table 4. Regioselectivity of cycloaddition of cis substrates.
MeO,C. 10 mol% 4 80,C R
MeO,C g oo BT she0d e0C” N oo g MEO}CK:@-R Mw’c@
& e +
Ao MeQ,C . _ acetone, RT MeO,C K, MeO,C ﬁ
!

\ A
Ly ; R
s : e
Entry® R 15:16M Yield [%] ke L8y 19
1 CO,CH, (141) 152:16a 1:2 90 Entry R 18:19" Yield [%)]
21 CO,CH, (142a) 15a:16a 1:2.5 88 1 _CO,CH, (174) 18a:19a > 20:1 87
3 CO,CH; (14a) 15a2:16a1:2.3 80 2 CN (17b) 18b:19b >20:1 81
4 CO,CH, (14s) 15a:16a 1:2 78 3 CH,OTIPS (17¢) 1B¢:19¢ >20:1 85
3 COCH, (14b) 15b:16b 2:1 83 4 CH, (17d) 18d:19d >20:1 87
6t COCH, (14b) 15b:16b 1:1.2 88 5 COCH, (17¢) 18e:19¢ 2:1 93
7 COOH (14c) 15¢c:16¢ 1:3 78 6 C=CH (17) NA NR
g COOH (14c) NA 0 7 CHO (17g) 1511619 1:12 )
9 (E)-CH=CH-CHO (14d)  15d:16d 1:1.6 82 _
10 (E)-CH=CH-CO,Et (14¢) 15¢:16¢ 1:2.5 87 [a] All reactions were performed with 10% catalyst using 0.1-0.2M sub-
11 C=CH (141) 15§161125 85 strate in acetone. [b] Ratio determined by proton NMR. [c]See
12 CH,OTBS (14g) 15g:16g 1.5:1 9% Scheme 9.
13 CH,OTIPS (14h) 15h:16h 3:1 81
14 CH,OTIPS (14h) 15h:16h 2:1 88 notable aspects
15 CH,0-4-Br-Bz (14) 15i:16i 1.6:1 7
16 CN (14j) 15§16 1:1.9 87 ” - i
o SO.Fh (14 s e, oo aldehyde : different from all the others
18 CHO (141) 151161 1:15 78 ] . .
* in trans : bond energy appears to be important

[a] All reactions performed with 10% catalyst by using 0.1-0.2M sub-

strate in acetone unless otherwise noted. [b] Ratio determined by proton " S e . .
NMR. [c] Reaction performed in DMF. [d] Reaction performed in the * in cis : steric effects dominates

presence of 10-15% In(OTI);. [e] Reaction performed in the presence of
10% HMPA. [f] Reaction performed in the presence of 10% Bu,NOH.

comparison to Rh catalyst

+ aldehyde substrate + siloxy substrate + ester substrate
Rh : not same product Rh : exclusively 15 ((PPhs)sRhCl) Rh : effect regioselectivity
Ru : same product Ru : equimolar mixture of 15,16 Ru  not effect regioselectivity

¥
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22 23
o el bx
W LR,
20 e A R —%<:©
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-
| R
path b H Ru [es
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A A = P
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] Re
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26 28

Scheme 8. Proposed mechanistic rationale for the regio- and diastereoselectivity of cyclopropane ring opening

for disubstituted cyclopropanes.
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Scheme 10. Proposed mechanism to account for selective formation of 161,

CHO
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3 hesis of Pseudolaric Acid B
L " = e e e - - LS ‘*'-Ie—'—‘*kf‘_"" R ENE i A o ey T S AR R S T e = Vesiee ™ b - Yo
seld
x = 1) TBSCI, imid.,.DMF |
\ PhsP, imid., I, toluene.
| o 0 P OH O  2)DIBALH, OTBS
| | O‘ Ph, toluene, -78 °C OH gg:/o
Y 0 Me 0 ~ Me” Y
] Hp, MeOH/DCM 3) TMSCHN,, = 1) MsCI, NEts, GH,Cl,
; 8 40°C, 24 h 9 LDA, THF, -78 °C I 2) Nal, acetone
y a5 9 then TMSCI 10 83%
i ee > 90%, dr > 20:1 72% overall \ ™S
= _.Fﬁ__k”____\‘k#,,________ .
Dynauuc Fine T vesoluTron LoA =34 eg.
Te Tvahedioin Of‘{lnmg['n/,l‘ q4 ey, 4,1 TM"%CHN ~: (2 o
Ve TMS (R 1 450 %' JC)
L o s
(P-P)RuMX,L, OR G ! \Q
i v o= : =7 ses y \
e R ! o L M7
(P-PHRu"XL, . G 7
" i TMS»C?:H:N e) 9N o
vL —
* L oA 5
@
[(P-P)RU"“XLV] T e ’OR H )
OR (P-P)Rul! e LpA o
0 1 :? 7 N0 THS UL
:< 6&]@ X < R! Q -—"_—?' R =
Wil At .
R VLN pPRul H® P o
an
s R' \ P

H
(R)-BINAP-RuMX,L, = (P-PIRu"X,L,

P—P = (R)-BINAP

YoM u
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; 1) TBDPSCI,

imid., THF

o
_ 2) EtaZn, CHyly, DME e
TOND i 13, DCM,-10°C OAOTBDPS L
12 3) DMSO, (COCl), 14 » 0, .0
‘ NEts, DCM, -78 °C o : B
| 84% over 3 steps Bu

Charette modlflcatlon of the Simmons- Smlth cvclopropanatlon

J Am. Chem. Soc. 1998, 120, 11943.

t
- S T, o i
! Me,NOC, ___.CONMe, ! MeoNOC sGONMez
[ i §
' 1. O, .0 (1.1 equiv) '
. R' B R! o, O
1 7 CHyCly, 0°C ! B e
'Rz/‘\\‘/\OH Bu ﬂz’b[/\OH ! Bu” 0" "ph
! B 2. Zn(CHyl)y, 0 °C R A ZA
3.0°Ctonr | ~
wl © Yields: 280% ' Gt
L o _ 91-94%ee I
Scheme 1
G Me;NOG, CONMa,
(HOCH,CHa)NH N 3
BUB(OH): “Eer rCH,Gl B. He 2 1
2 o éuﬂ CH;Cly / Brine
89% 4 93%
Figure 1. Chem 3D representation of the proposed transition state for
the enantioselective cyclopropanation of allylic alcohols (cinnamyl
alcohol).
" s S T S S SERESE BE - _ i o A R 3 8 S g e o 28
OTBS a Pth’LlBr MePPh;'Br- OTBS b) PhLi/LiBr, 14 |
! ) ’ = e X OTBDPS
e -4 |
e % THE, E,0 Me™ ™ PPhsX ¢) PhLi/LiBr g :
ill [l| d) Hel |I| 15:R=TMS)KZCO3‘ MeOH
™S ™S €) KO'Bu R 16:R=H -
. o 58%,53%(E}6 . _ !

Schlosser modification of the Wittig olefination

erythrofthreo ~ 2 : 1 erythrofthreo ~ 1 : 200
u H R H
P—E—G—ou = \(;)érl:cn.‘
[ Q - 0 ‘o
R R Br L R Br
lel[ (el
H H R H
Sp—¢ (I: oL \% ¢ (l; oL
[ @ = p e}
R R Br H R Br
] I"'
R H
20e @ 0
SP-CH-R' + Li-Br wP—g=0=0
H R
mt llﬂl
@ ) S H
3P-CH;-R  Br 7P60'J o=
& H/ \R

me 2. The multistep, if one-pot protocol for trans-selective olefin
ation. a) Lithium bromide containing phenyllithium (or any other
nolithium) in THF and diethyl ether. b) Aldehyde R—CH=0. c) Lith-
bromide containing phenyllithium in diethyl ether. d) Either 1 min at
‘or 30 min at — 75°C. e) Hydrogen chloride (1.0 equiv) in diethyl ether
75°C. f) Potassium rert-butoxide. g) Some 15 min at —25°C,

Table 1. trans-Selective Wittig reactions involving betaine-ylides prepared
from ylides (H;C,),P®~®CH—-R'and aldehydes R—CH=0: Z/E ratios and, in
parentheses, yields of olefinsl

C'bem Eur . 2003, g, 570.

LI
@ @
(Hsc,)ap CH-"CH 0- l_:'—" (Hsc.hp CH cn -0

R R' ! LiGH; :LiCH, LiCH, LISM LIT i
H,,C, CH, 1 <05:9951 3:97  50:50 33:67 17:83 ;
| (B8%) ' (87%)  (92%) (86%) (84%) L-R" === (LR, f
H,Cy CH, l<°'5 995! 15985 12:88 694 2377
BE%)I | (92%)  (T7%) (63%) (60%) T
H,C#:‘CH;H (CH;),C;H;I <0.5:99.5, 2:98 16:84 12:88 36:64 @ .
, (58%) | (59%) (57%) (45%) (42%) (HsCg)sP = cHn(‘:H 0-Li (H_r,Cg);P cH c':H 0 L
(HCHCH  GH,, ' <05:995 2:98 1684 -  13:87 ) : Ju
U 6% (59%)  (57%) (62%) i R 8® RoR
(H,C),C CHy, - 94:6 'o98:2 97:3 - 76:24 betaine-ylide : precursor to trans olefins
; (59%) : (63%) (56%) (42%) Sch 4. B flithium bromide edducts seq ing alkyllithium by

[a] Standard working procedure: see Experimental Section. At the decisive
stage of betaine ylide formation, the tetrahydrofuran/diethyl ether ratio
approached 1:1. [b] LIS = LiCH(CH,)C;H; (sec-butyllithium). [¢] LIT=
LiC(CH,); (rert-butyllithium). [d] The same limit of stereoselectivity and
virtually the same yields were attained when the reaction was performed in
an approximate 7:1:2 (v/w/v) mixture of tetrahydrofuran. diethyl ether, and
cyclohexane, respectively. [e] 2-Methyl-2-propenal (methacroleine). [f] A ZIE
ratio of 3:97 and a yield of 65 % were found when the reaction was performed in
an approximate 7:1:2 (v/viv) mixture of tetrahydrofuran, diethyl ether, and
cyclohexane, respectively.

PhLi

heteroaggregate formation.

: shows little propensity to aggregate

BulLi : combine strongly with betaine/lithium bromide



20 mol% 17

' ]
£ acetone 0R[5+2] cycloaddition

A . TBSO TBSO wid

‘ '+ cannot identify additive for modulating selectivity
Lo

L

10 mol% 18
| .
B ~ R=TBOPS . * weak ligands : no effect
_T PFg . SbF,- * stronger ligands : low turnover numbers
& )| With 17: 45% 19, 15% 20 20 comes from C-H activation of Ru
L”éu L =CH,CN G@ With 18: 88% 19, < 5% 20
S COD using Rh catalyst, 19 was obtained exclusively
17 18
5 o DATUEREE . Mt R OH‘TBAF mediated isomerization
T i - . . - . -
HF[S i Me .+ acidic / basic condition : unsuccessful

[r—— L e H
; 21
HJ; : B e i, e G el -+ (no reaction or decomposition)
7 N A With0.59MS 3A/mmol TBAF: 80%, 21:22 = 1:1 . . )

With 1.0 g MS 3A/mmol TBAF: 90%. 21:22 < 1:20 * activate diene system with Pd : no reaction

* in attempting deprotection of silylether group, isomerization occurred

1) TBSCI, DMAP R=TBS .-““*orss ;
TSN, i, DU, 79% co .@ EtAICN a i
2 2) m-CPBA, NaHCO;4 DCM, -50 °C M p(?»'“‘ /j 018D
10— CH,Cl,, -20°C, 91%  Me dr>10:1 80% s 0 "
Me 22 23a R =TBS TBSO—| 24
_ ) _ ) Me H gH [
. Ve @ -' ' T A T ot oblawes
| & 2
Af—or /
= il '
‘1{:‘ (I T
Me |
e L S
OTES m-CPBA, NaHCO, OTES 7 equiv LDA \“ /DTES |
: @f CH,Cly, -20 °C TES"" THF, 0 °C TESO, . |
I ] LL :
& e .
: TESO-\Meze H 23b iPr’ |Pr ,
‘ 72% over :
1) DDQ, DCM, buffer 2 steps

30 faefs Mé
_2B R=TES

t 1
' ~2) MnO,, KCN

g co Me ; it

| }ﬂ e P pct TR MON: (RRTES g coMe Bzf’fH' Mzo:{e / - .
e il R=H (27 % over-2 steps X
i H o (27) W £> [N :

A Facile Oxidation/Deprotection of Electron Rich Silyl Ethers Using DDQ  Synlett, 1998, 915.

iy ®OTBS 0
Po& :

H

1/1 Ljdu‘ e ab‘s"tm(ftw n
under nestiel condfen.

Oxidation of « . -unsaturated aldehvde to ester J Am. Chem. Soc. 1968, 90, 5616.

HEN Ma Os 0
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a) 7 equiv. MegSi

r,—N
—=—7CeCl, Oz/N\/)

J 30% DMAP THF, -78 °C
o) COMe —— 0 CO;Me CO,Me
| pyridine, Ac,O b) 13 equiv CDI Me
cMe” or;o quant.  Me” |} OAC THF, -78 °C to 23 °C  H e
. 31 k 32
91%, dr = 8:1 - 12:1 Me;Si |
PhSeSePh, NaBH, 4“
O._SePh OMF i
Y 76% (84% brsm)
T CO,Me Bu3SnH, AIBN " o} CO;Me
1 = {
benzene, 80 °C :
; OAc
62% A Mg [

Me3Sr

other COndlthIlS * initiate w1th BEtglOz complex mixture

radical lactonization by Se-phenyl selenocarbonate

Beheme 11T

R4

RS Bu;,SnH ! Ft’
(o] Elu;Sn (o]

BU;SﬂH
-BuySn’ B A

1) § equiv CDI, THF, quant.

o]

2) PhSeSePh, NaBH,
DMF, 92%

1) DMP, DCM, 81%

HOO ‘ I :
BOH ﬁ COMe 2) 7 equiv

Me;Si—s=—CeCl,
THF, -78 °C, 76%

* opening of oxo bridge was unsuccessful

* activate conjugate system with Yb(OTfs :

triene products (elimination of HOAc)

J. Org. .Chem. 1992, 57, 4696.

high regioselectivity favoring exo addition

i ceheee T )

( pach (e

From 33, forming tertiary radical with loss of CO

H

Me

%
e OH CO,Me

dr=2:1

- lactonization using Otera’s catalyst did’t occurred.

the ester at C10 and the alcohol at C11.)

(because the formation of oxo brige pulls away

35

Cpathh €)1 Schese T )

b BusSnH, AIBN 36
q COMe benzene, 80 °C o}\ *:
Me  p OH 90% Me 2 oM
b H
37
+
1) 1M NaOH, 100 °C AL
o
2) TMSCHN, MeTo/%/\O\j
MeOH, benzene qH _
78%

hoping that the mixture (36,37,38)

could be transformed to single compound



NH Nc. N=N" CN

SePh P o 42 |
2’ PMBO” “CCl, y—SePh é 2 equiv 0, PMP Q PMP
COzMe g 3 COMe - A 35 Lo |
Me oh 2 mol% Sc(OTi), 3.5 equiv BuaSnH i H \ - H !
H 35 Toluene, CH,CN,0°C Me o opms a1 benzene, 70 °C H o CO;Me H CO,Me |
Q49 then DBU 44 ‘
— e m e U 85% '
entry conditions products
1 2.2 equiv BusSnH, 0.6 equiv AIBN, benzene, 80 °C <20% conversion
2 3 equiv BuzSnH, 1.2 equiv AIBN, benzene, 80 °C 5—15% 43, 30—50% 44, several impurities
f\- 3 3 equiv BusSnH, 1.2 equiv AIBN, benzene, 80 °C, then DBU 56% 43, several impurities
AN I 4 1.4 equiv BusSnH, 0.2 equiv 42, toluene, 110 °C 5—15% 43, 30—50% 44, 20—30% impurity
( {\1/\"(\ N 5 3.5 equiv BusSnH, 2.0 equiv 42, benzene, 70 °C, then DBU  85% 43, 92% purity
ol
e
42 : thermally more stable and cleaner continuous generation of radicals
TABLE IV t ( o g )
“Fun vatas O cROCK)C—~I=pd= C{ )P r[C‘
RATES OF DECOMPOSITION OF Azo NITRILES IN ToLUENE Dg (oot (ton veles © j C‘f . R( ’ P ¢ }P Q/
aT80.2° clc- B e e DB el e
.8 Conen. pange,  k (see. =1 X 109 No. of Average LY [ P R (5e¢" ) av R0.0°% it Toluene
1 i renge runs deviation o O e -
CH] 0. 187-0.0863 [T72-1.601 3  0.06. birty ke
C.H,- 0274~ 0164  0.940.80 4 .08 penty REY
n-CoH; 0181~ ,0143 1.74-1.65 2 .06 s I s L
iso-C .0183- 0135 1.03-1.02 2 .01 R’F’j"_ o.vbd | J. Am. Chem. Soc. 1949, 71, 2661.
n-Clr, .0142 1.58 1 . hepty! 2 902
Jdso-CiHy  .0193- .0163 7.1 2 .00 r;th g J. Am. Chem. Soc. 1953, 75, 2078.
\CH | L0165 [0.083 | 1. RETY §3.5
 Not flushed with nitrogen. * Cyclohexanone. decy [ (§.412
1) 6 equiv KOTMS, toluene
o i’ Me W
120 °C, 30 min H PMP o
then 9 equiv |||62504 i (o] o)‘_ f DDQ bl.l"er_p"‘l =7 Q L l 8 equ‘v 'TMS—E—"CGG'! = 2LiCl
6 equiv TsOH, 12 equiv Hunig's base  H7730 | ,,0-23°C, 76%  MJOH 78 °C, 87% (98% brsm)
‘q* 3 methanol, 100 °C, 5 min » MeOH 0 COMe CH,Cl,, 0-23 °C, Me pk COMe  THF,- i

2) DMP, NaHCO3, CH,Cly, 0 °C

50% (73% brsm) Me Q
Sn(SCN),I0 Y
HO Q. lﬂ {Buzzo mol% ms
OH CO.Me Me CO;Me

Me toluene, 130 °C 43
. U R B S e e o e G e O L oL ey
highly efficient transesterification using distannoxane catalyst J. Org. Chem. 1991, 56, 5307.
Scheme I
X R R (0= R=pu,x=Y=-NCS ¥R P

F. o “'; 14 P=Bu, x= NCR, Y=0H ?sﬁsﬂ_\,/ﬂ
F?‘STE"O"SH—Y 1o P:&,{‘.}(:'\(: ce ;?q;a !:..\H
| | bR o Brbxect - oo

YMSLLO-'S'B\R {e: pif—'(e,){:\[’: -l i( F{H;)H
R R X ke
#R%gga‘ H?s\h L R?COOR®
2

feature of Otera’s catalyst

* 2 kind of pentacoordinate tin atom \S R 3y
R'OH S O oR®
* high solubility in organic solvent T‘ ‘-\//f‘:/‘

* various functional groups are unaffected

/3



o
Q Me
4 1) TBAF, THF, 87% o> 2’,‘
2) 8 mol% Sc(OTh; H
Ac,0, 0 °C, 98% e

Pd(0)-catalysed hydrostannylation

5 mol% Pd(PPhy),Cl, BusSn. -

BuzSnH, THF

e -
coMe o

J. Org. Chem. 1997, 62, 7768. ¢
Syafhes's 2005, 6, 853, ;

HOC
2 I ey
equv Mehl 51

. -SnR
; LERE ettt - Scheme 5 i
Addition— «
s A Elimination L '
A SRy H R PGO PGO PGO .
/ / R SnRs 4 L Pd\‘L . SnR;
R e RaSn" @ X2 - | SnRy |
K SnRy He SnR3 H H
R R! I (ref 5a) A major isomer
Scheme 30 Mechanism of radical alkyne hydrostannation. PGo BED
PGO ) H s
2 = | Ry, — R
R _ H Pd,
b SnR
1.5 equiv BuzSnH OH Lf 15 nAz
AIBN, 80 °C BnO\/HrSnBua 1l (ref 5a) B major to
OH B7% (this work) exclusive Isomer
BnO\/‘\ — ) PGO
= Li:;;wfgga‘?g ) o ¥y ) ® H 7 H
= L L = — R
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4. Appendix (total synthesis of Pseudolaric Acid A)

P. Chiu et al Angew. Chem. Int. Ed. 2006, 45, 6197.
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Scheme 3. Reagents and conditions: a) NaH, PMBOH, THF, reflux, 61%; b) ICH,CH,CO,Me, Zn(Cu), CuCN, DMA, THF, 60°C, 12 h, 91%; \

€) 20% NaOH, MeOH, RT, 4 h, 96%; d) EtSH, DCC, DMAP, CH,Cl,, 3 h, 97%; €) 1. LDA, TESCI, THF, —78°C-RT: 2. [Cu{(S.5)-tBu-box}][OTf],
methyl pyruvate, CH,Cl,, —78°C, 76%, 88% ee; f) TBSOTY, 2,6-lutidine, CH,Cl,, RT, 97%; g) Et;SiH, Pd/C, CH,Cl,, 81%; h) 1. LAH, THF, 0°C, 4 h;
2. TBAF, THF, RT, 2 h; i) 3,3-dimethoxypentane, PTSA, RT, 1 h, 66% from 12; j) Dess-Martin periodinane, CH,Cl,, RT, 88 %; k) CIMgO(CH,);MgCl,
TI:IF, 0°C, 90%; ) Swern oxidation, 90%: m) NaClO,, NaH,PO,, tBuOH, 2-methyl-2-butene, RT, 96%; n) 1. iBuOCOCI, Et;N, THF/Et,0, —20—
0°C, 05 h; 2. CH;Ny, E4O, 0°C—RT, 3 h, 71%; o) 3% [Rhy{(S)-bpt},], PhCF,, —40°C, 82% yield (50% 21, 329 21b). PMB = p-methoxybenzyl,
D.MA: N,N-dimethylacetamide, DCC=N,N'-dicyclohexylcarbodiimide, DMAP = 4-dimethylaminopyridine, LDA = lithium diisopropylamide, TES = i
triethylsilyl, box = bis (oxazoline), Tf= trifluoromethanesulfonyl, TBS =tert-butyldimethylsilyl, LAH =lithium aluminum hydride, TBAF = tetra-n- J!
butylammonium fluoride, PTSA = p-toluenesulfonic acid, bptv = a-(tert-butyl)-1,3-dihydro-1,3-dioxo-2H-benz[f]isoindole-2-acetato.
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Scheme 4. Reagents and conditions: a) MeMgCl, THF, 0°C, 96%;

b) SOCI,, DMPU, 0°C-RT; c) Na, Et,0, reflux, 78% over 2 steps from
22; d) DDQ, CH,Cl,/H,0, RT, 869%; €) Dess—Martin periodinane,
CH,Cl,, RT, 91%,; f) MeOH, CSA, RT, 95%; g) Dess—Martin periodi-
nane, CH,Cl,, RT, 93%; h) (E)-(EtO),POCH,CH=C (CH,)CO,MEM 28,
nBuli, THF, 83%; i) 60% AcOH, 60°C, 1 h; j) Dess—Martin periodi-
nane, CH,Cl,; k) 3~ HCI/THF, RT, 66 % over 3 steps from 29; ) AcCl,
DMAP, 80%. DMPU =1,3-dimethylhexahydro-2-pyrimidinone,

DDQ = 2,3-dichloro-5,6-dicyano-1,4-benzoquinone, CSA = camphorsul-
fonic acid, MEM = 2-(methoxyethoxy) methyl.
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