Enantioselective Synthesis of (-)-Englerins A and B

2010. 09. 22 (Wed)

Hirotomo Komai (M1)

(-)-Englerin A

R=H :Englerin B
R=Ac : Englerin B acetate

0. Intrduction

3. Au catalyzed Reaction

Contents

1. Christmann's Total synthesis (First total synthesis)
2. Nicolaou's Total synthesis (|2+5] cycloaddition)

4. Echavarren's Total synthesis (Au(I) catalyzed [2+2+2] cycloaddition)

0. Introduction

Isolation

J. A. Beutler et al. Org. Lett. 2009, 11, 57-60.
From the stem bark of the east African (Tanzania and
Zimbabwe) plant "Phylanthus engleri” .

First Total Synthesis((+)-Englerin A)
M. Christmann et al. Andgew. Chem., Int. Ed. 2009,
48,9105-9108.
(Olefin metathesis using the Grubbs II catalyst)

However..... (+)-Englerin A was not natural product.

Total Synthesis ((-)-Englerin A)

1. A.M.Echavarren Angew. Chem. Int. Ed. 2010,

49,3517-3519.
([2+2+2] alkyne/alkene/carbonyl cycloaddition

using Au(I) catalyst.)
2.D. Ma Angew. Chem. Int. Ed. 2010, 49, 3513-3516.
(The same key reaction of Echavarren)
3. K.C. Nicolaou J. Am. Chem. Soc. 2010, 132, 8219-8222.
([5+2] cycloaddition reaction)
4. Emmanuel A. Theodorakis et al. Org. Lett.

2010, /2, 3708-3711.

Challenging

1. Construction of guaiane-type sesquiterpene that contains
uncommon oxygenated motif.

2. Tricyclic motif carrying two esters, one to a cinnamic acid
and the other to a glycolic acid residue.
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Examples of making guaiane sesquiterpene skeltone
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Martin E. Maier et al. Org. Lett. 2010, 12, 3418-3421.

i -"'-,’?'-
TESO—4" " ||:;-J N e
1, 12 {32%) ~
“"\-\..-' 'J.\:-\.\,«_-""- a - "\k ._'_.
L 2. TBAF 7™
e S 50R; H |

A. M. Echavarren et al. Chem. Commun., 2009, 7327

B, " =
P—Au— NCha
R
| i "
N7 —
=

12z

| Other guaiane-type sesquiterpenes |
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Activity John A. Beutler et al. Org. Lett. 2008, 11, 57

Englerins A ;It demonstrated excellent
selectivity for the renalcancer cell line panel,
with S of 8 renal lines having GIS0 values
under 20 nM (Table 2, Figure 3),

100

Figure 3. Dose—response curves for cytotoxic activity of englerin
A (1) against the renal cancer cell lines in the NCI 60-cell panel.

Tahble 2. Renal Cancer Cell Growth Inhibition Data (Mean Glsg

in gM) for Englerin A (1), Compared to Average Values for
Taxol
renal cell line 1 Taxol
TB6—0 =0.01 0034
A498 =0.01 .10
ACHN =0.01 (.65
CAKI-1 156.5 0.35
RXF-393 0.011 (041
SN12C 0.087 0.018
TE-10 15.5 .11
U0-21 =0.01 .45
Englerins B;
g 5 A B
Renal Cancar Growth Percent
Ta6-0 27.08 B5.EQ
Ad8 885 Ti.M4
ACHM 1636  81.58
CAKI-1 =240 8540
RXF 393 8504 4523
SMN12C 44,12  100.37
TH=10 13842 14874
LiD-31 -81.64 &5.21

Search of reason
1. Hydroxy acid containing natural products

(o)
I on

OH

pleuromutilin

Safaromycin R

The NCI 60-cell data
Pleuromutilin indicated no significant cytotoxicity .
Saframycin R, although quite potent, did not show

This result means Englerins B is lower
activity than Englerin A.

Why?
What's difference?
Me
o Me Englerins A:
/\)\“O\ OR R = glicolic acid
A ’ Englerin B :
Ph MeHL R=H
H

1. Glycolic acid may play a important role
in the activity.

or
2. Substitution at the C-9 position by the

glycolate ester may be important for the
observed potency.

renal selectivity.

Glycolate substitution alone cannot account for the
renal selectivity of Englerins A.

2. Other ester motif compounds.

Me Me
o)
ow OR
Ph \Me Hi,
H

Englerin B acetate showed an approximately
400-fold selectivity against the renal cell line

(A498).

It's vital to synthesize a series of englerin
analogues with different ester substitution at
both C-6 and C-9 for biological evaluation.




1. Christmann's Total Synthesis
1.1 Retrosynthesis
OH

1: englerin A

O  Epoxylactone = H O (M
rearrangement <
(0] : o) ¢ ~yll'ati0n
CHO
H

trans,cis-necetalactone

M athias Christmann et al. Angew. Chem. Int. Ed. 2009, 48, 9105-9108.

1.2 Key Reaction

1.2.1 Epoxylactone rearrangement

1
o Epoxylactone = H 0] '
rearrangement = !
L]
L]
CHO:
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' nepetalactone |:9':- : : 1" (93“-'1] :
' Wl ]
: Scheme 1. Oxidation of nepetalactone 7 and 9. '] ¢ Scheme 2. Tentative mechanism for the ring contraction. ,
L}

The oxidation of 7 with mCPBA afforded 8b (undesire) Treatment of 10a with NaOMe led to a rapid ring contraction
as the major isomer (d.r. 7:1). of the epoxylactone moiety into the formyl lactone 11.

The epoxidation of 9 installed the correct configuration | The rearrangement of 8a into the aldehyde 6 did not take place.
at C10 for the major isomer 10a (d.r. 1.5:1). U

Resulting from the strain of the trans-
bicyclo-[3.3.0]octane scaffold.




AE = E{rans) — E(cis) (kcal‘mol)

Conformers / % abundance  HE/§-31G** MP2/6- MP2/6- Lit
31G*=  311G*

100% 0 801 7.37 717 64

100'. 1] 812 v -
CH3 C.l:l:=

100% 0 12.66 947 83 -

Q H 9 oy
EO =P
CH; CHz
100%% 0% 10.95 013 846 -

* Energies of conformers computed at geometries optimized at given
level of theory unless otherwise noted.

® Calculated at the MP2/6-31G* optimized geometries; this last value
used to compute %sabundance.

Tomas Hudlicky et al. Synlett. 2005, 2911-2914.

Bicyclo[3.3.0]octanones:
It is clear that only cis-fused products would be obtained
in all cases regardless of the method used to prepare them;
:The average energy difference is 7.8 kcal/mol.
:Any trans-fused compound would isomerize
to the cis-isomer immediately.

1.2.2 Diastereoselective Barbier Reaction
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This selectivity results from a minimization of dipole-dipole
interactions in the aldehydes reactive conformation.




1.3 Total synthesis
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2. Nicolaou's Total synthesis
2.1 Retrosynthesis
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2.2 Key Reaction
2.2.1 [5+2] cycloaddtion reacrion
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~Racemic Synthesis version~

tJ::En O Me UB“ 0
Mg
d iJL r"l“r-..qp conditions
L
Me” OH EDEE' Et
15 4
Entiry conditions ]II:;.E;E CoaCae’
l 1-Pr:MEL (1.2 equiv), toluene (0,15 M), 3 h 47 31
2 i-PrzMNE2 (1.2 equiv), THF (0.13 M), 3 h LiMe=
3 i-Pr;MNE2 1.2 equiv), CH;CN (0,15 M), 3 h 50 1.5:1
4 i-Pr;MNE2 (1.2 equiv), CICH,CH,C1 (0.15 M), UM=
3h
38 i-Pr;MEt (1.2 equiv), additive (1.0 eguiv), LiMe
tolueene (015 M), 3 h
[ i-PrzMEL 1.2 equiv), LiCl {10 equiv), 25 331
toluene (0,13 M), 3 h
T i-PrzMEL { 1.5 equiv), toluene (0L13 M), 3 b 26 5:1
B i-PrzMNE2 (1.5 equiv), CH:Cl: (0,13 M), 3 h 19 31
g i-PrzMEL 1.2 equiv), toluene (0L13 M), 3 h 49 5:1
10 i-PrzNE2 (0.9 equiv), toluene (0.04 M), 3 h 46 a1

=15 (1.0 equivy, & (10.0 equiv), MsCl (1.2 equiv), 23 °C — reflux.
B YBOTE);, TiCly, AgOTE, CuCl, and ZnBr; were used as additives. © A
solution of 15 (1.0 M) was added to the reacton mixture at reflux via
syringe pump over | h, giving a final concentration of L1323 M {entries
7—9 or 0.04 M (entry 100 20 equiv of 6 was used. * Yields refer o
chromatographically and spectroscopically  homogensous  matenals.
fDetermined by 'H NMR analysis of the crede reaction mixture.
¥ Unidentified mixture.

~Asymmetric Synthesis version~
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Asymmetric cyclization used chiral auxiliaries

B> Qo %Lg

H TICl(0Pr)s
SONZR
10 & = 1pr
Dienophile Product Ergsﬁc Yields Endo% d.e.
B 10 crude 98 97 88

Bernardinelli, G. et al. Tetrahedron Lett. 1984,25, 5885.
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The uncomplexed acrylate adopts in the crystal a strictly
antiplanar disposition of the Ca,,CB- and the C=0O bond which
in turn is out of the C-Ha-plane by an angle of about 30°.

The p lone pair on the planar nitrogen bisects the O-S-O angle
;thus the surface of one cyclohexane ring is projected firmly
on top of the olefinic Ca-re-face.

oBnO

2.2.2 Gold catalyzed cycloaddition
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10 1 A
Selieme 2.
Yuanhong Liu, Tetrahedron 2009, 65, 1839.
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2.3 Total synthesis
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3. Au Catalyzed Cycloaddition Reaction

3.1 Au catalyzed reaction

: AL AuL

: P

1 _-':L:—_':"-'_ Ft e

Ty —— 7, R

! ) Hu

' 1 2
Simplified form|

Nucleophilic attack on the [AuL]+-activated alkyne
proceeds via © complexes 1 to give trans-alkenyl gold
complexes of type 2 as intermediates

: This high n-acidity is linked to relativistic effects,
.Whlch reach a maximum in the periodic table with gold.

Relatlvistic effect (detail: see Itano's D2 lit.)
(B FAEF O M e 331 AT S & TGk L fo o T B 6 Lo

should be considered when investigating (calculating)
the electronic structure of heavy atoms (= Sth-row)
Islabiliemd areagicdly)

1. confracied 8= orbitals
{ + explains thase charactars.

2. expanded 5d arbitzls
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Box 1 Figure 11 Calculated relativistic contraction of 6s orbital.
The relavistic and non-relavistic 6s orbital radii were determined
compatationally, Notably, Pt, Au and Hg are markedly influenced.

- electrons are closer to the nucleus;
have greater ionization energies.

Instead

= LU m A

The d and f orbitals are not contracted.
(higher angular momentum, seldom descend to nucleus)

better shielded by contracted s and p orbitals
see a weaker nuclear attraction

U

Expansion of d and f orbitals

U

Destabilization of orbital energies

@ With its unique properties strongly influenced by relativistic effects,
theoretical chemists have much attention to gold.

3.2 Au catalyzed Cycloisomerizations

In the case of gold-catalyzed cycloisomerizations of enynes,
reactions proceed via © complex 3.

: + + :
E LAu, o Li}ifm T
oy, RY S-exo-tly [T R G-endo-dig zf oo
'z d — z. | i 5 rﬁ 3t
: L "H-l \,-"%,H - R? :
: B- HL Rg h"‘ :
' 3 5 :
' A.M. Echavarren et al. Chem. Rev. 2008, 108, 3326-3350

The resulting complex 3 reacts with the alkene by either the
5-exo-dig or 6-endo-dig pathway to form the exo- or
endocyclopropyl gold carbene 4 or 5.

+
(_A?«-ULR1 LAu ) L*’Au
Varr—wm 1 1
‘—§ 5-exo-dig + R3 z .
R3 R2 4 2 R
R4 R R
3 4
+
_‘f‘_“_} Au'L
Vo 1
z R —»z R1 —>z RRs
\—\%_6 -endo-dig
R? R*
R* 5

However, on occasion, the stronger Lewis acidity of gold
complexes can be detrimental in terms of selectivity and
because of their low tolerance to certain functional groups.
In these instances, the less-strongly Lewis acidic Pt(II)
complexes could be the catalysts of choice.
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AM. Echavarren et al. Chem. Rev. 2008, 108, 3326-3350 4

Compound 6 is Alder-ene cycloisomerization product that
occasionally been found in gold-catalyzed reactions of 1,6-
enynes.

Conpound 7 and 8 are skeletal rearrangement products.
(single and double cleavage).

Compound 9 is endocyclic skeletal rearrangement
product.

Cyclobutenes 10, and products 11 of intramolecular
cyclopropanation have also been obtained.

In the presence of nucleophiles,
Compound 12-14 have been obtained in stereospecific

processes.

ore-complex transformat

starting from more-functio

3.3 Examples of this type reaction

3.3.1 Reaction 3 to 6 ¥
AuL
== 1
ymmmmmmmmmmm—aaa = R Z R
. A F ¥ SoFy ! Z R — 7
: KI —AU—NCMe ' \ 3 2
Vo ' R R
' ' 3
:\_.} <= : R* R
' 18a A = 1-Bu “ 3 6
--------------- ]
MED?C/ 18a |3 mal%) el C '1’-"# I"‘EG"I:\(;‘ =
Mal.C . -
E OMSO, 50°C. 5h  Me08 g MeQul s
274 28 BT LA gy
= " e
MalCy tha [@Amalsy  MeDLC, MO, /D
Malll N - - - P T
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I Standard mechanism catalyzed by Pt(II) or Ru(Il) I

. R IH
o Y I o
7 b /Mr 7 M
\-""“H“'qu,:""“ﬁ'z \-f"x‘“;:.ll,/"“-ﬁ'z Rl
. . H
/3 Ra Oxidative R
22 23 addition 24

R i
H
Fmm— Y = N7 Pt M'r|2
£ -
A3 7\,. R=
tyne Y pe

A. M. Echavarren et al. J. Am. Chem. Soc, 2001, 123, 10511.

B-hydrogen elimination occurs from allylic position.
Pt(ID) : trans comfiguration in starting enyne
Ru(II):either trans or cis comfiguration

This type mechanism needs to coodinate to the
alkene and the alkyne simultaneously

isolobal to H”,

E However, the [Au(PR3)]*, which is
: cannot coordinate to the alkene and the)alkyne
: simultaneously.

We will call two fragments isolobal if the number,
symmetry properties, approximate energy and shape of
the frontier orbitals and the number of electrons in them
are similar-not identical, but similar.
- L M
% = ;iij

Fa IGO}4 --—G—- EHE
hz [ _JT]

a; T

up
by

- E

Hoffmann, R. Angew. Chem., Int. Ed. Engl. 1982, 21, 711.724

Proposed Mechanism
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3.3.2 Reaction 3 to 7 and 8

3.3.3 Reaction3to 9 +
(Skeletal rearrz_lngement)R1 (Endocyclic Skeletal _,?_uLR1
Q R? rearrangement) 7 R 7
_A_UL z I R4 \’_ R3
- Rt R2 4
;7 R 7 17: [Au{PPhy NG Me)|SbFg R

- R o e
R? R NS R s MeO:C T 17 @% mol) MeO.C ><:/§ Meozc !
]
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]
.

27g (82%, 2:1) g2f

I Single cleavage rearrangement reaction I
17(2mal%) R . R s
—_— $
MeO.C [AUCI(PPh,] / AgSbFs THCL it A R

Me0.C (2 mol%:) MeO.C. mhﬂe
Mo CH,Cly, r.t., 25 min MeO,C Me 2Tg-d, Ft = C0:Me 9Ba-d, B2i-d,

. Mé 91%) o2 27l-dy R = 50-Ph B6f-dy B2j-dy
a
T cloda
Antonio M. Echavarren et al. Chem. Eur. J. 2006, 12, 1677. SHns TR -Exowin
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] 27-d, 5 min 17
P Yy A ol !
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In the case of 1.6-enynes,the mechanism of this
[Double cleavage rearrangement reaction | endocyclic rearrangement is just a variation of the
single-cleavage rearrangement of 4

. =M [AuCI[PPha)] f AgSbF,
MO0 [Au #E[’ rnl:-IT’!J'u]] ApSbF; MQCUWM&
oo “kx CHCl, 1., § min Me0;C” [ In the case of 1,5-enynes |
195%)

Antonio M Echavarren etal. Eur. J. Org. Chem. 2007 4217

AgSbFg (1 mom
Ph CH.Cl, rt.
s-'ngi‘ﬂ cleavage ;::‘
47a

/_},,:a AL (98% .:99.1 dr)
:ﬁ:f“ o == 40 R RRRRLLELCELELLEREECEEEED ,
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R ! S R,
- = o
' 2 1 '
double cleavage l , : Q‘} . R? a8 : E
+ + 1 :
Hulll = LAu L AL A ' AuL+ -Ault HY
/,;;f’ R2 R -AulL* A2 ' '
RPN AN R! E;:/(H ZU& ' R: 4
\-—-"‘\\__,. " /i . (3] :
¥ ¥ 84 8 ' ;o
| ' R? R2 R .
."-IJI:L;I : ﬁul_ Aul :
1 * Me i : 5 '
g =y ; L '

HHTS, Exocycllc rearangement is favorable,

A. M. Echavarren et al. Angew. Chem. Int. Ed. 2005, 44,6146 | becouse bicyclo[2,1,0]pentane is strained. |,



3.3.4 Reaction 3 to 10 and 11
(Cyclo-propane and butene)

H R1
+ /\
AuL z :[ Cy
i; R’ \/Rz R® EFMP:—Au—GI
z R —> 10 el
N—R3 =\ R i ‘x} P
z N
R4 R3 M
3 R R* 15d
11

; 15d/ AgSbFg

'MeO.C (2 mol%) MeO,C
g2 CH,Cly, rt (67%) C:Cl, 1 (67%) Me0,C

' Me02 H

-A M. Echavarren et al. Angew. Chem. Int. Ed. 2005, 44, 6146

2074 2.028
3 HI
Ly, - ra :

3 -:'xj,l_{.na-; N =247 18 -\_;.nuu
AG =3 Pl WY
M - Pt T
- H V. H

758 1| 726
“ 17a g i7'a

For construction of cyclobutene, the anti to syn isomerizatiof

from 17a to 17'a requires a rather high activation energy.
(24.7 kcalmol ™)

The initially formed anti 17a would undergo a more facile
rearrangement (9.1 kcalmol ).

(LA ) BuiL)
~{3H ikt 0
]
Ja=Me AG =27 "
1Ta 18

However, an alternative pathway has been found for

a more direct formation of complexes 17'a,b by a
syn-type attack of the alkene, via TS5, to the (alkyne) gold
moiety of 21a,b (Scheme 4).

) joaistaiig . plekdesdiieilidi -
' . | |
’ Aull] " —== il
14 Z__LH
b e 13
‘-..H 18, H “Me g
L. -. . I5'|-|-I.
S Bl _ / 'ﬁﬂ b P ]
%, Me g2 CH, - e SN
b: Z = (CH,. H H e
Hab 17'ab 22ab
_AGT AG AG 4G
21a—1Ta 94 -88 17a—~22a 78 -44
21a--17Db 108 52 17'b-=220 5.7 17.9

Scheme 4. L=PH;. AG at 298 K {energies in kcal mol™") and selected
bond lengths [A] for 17a, 17a, and TS,

The anti attack of the alkene is more favorable, [7a] the syn
attack could compete if substitution at the alkene and/or
the alkyne disfavors the skeletal rearrangement.

In particular, this should be more favorable for the
formation of bicyclo[3.2.0]oct-6-enes from 1,7-enynes, in
accordance with the calculations (17'b to 22b, Scheme 4).

MeC,G.| H-J f [Bu]  Mel.C [Au) MG Il,;:
- P - R |
MeCy FH r b Mel,C 1. | a MeQ,C A |“
26 23:n=1 25
24 n=

Scheme 5. Reactions of 23 and 24: a) 9b (2 mol%), CH,Cl,,
room temp., 14 h (80%); b) 8c (2 mol%), AgSbF¢ (2 mol%),
CH,Cl,, room temp., 45 min (67%); c) PtCl, (5 mol%), MeCN,
120°C, 20 h (67%).

Cyclopropane
LT Mo, ME
= 17; [Au{PPh){NCMe)|SbFg B '
: L, :
: H>< 17 (2 mol%s) j '
E "}-) " CH:Cly, rt., 5 min - E
' Me Me !
' 1.l"“--—r'.n'le '
' 0Ga-c . 107a: B = COMe {(98%) |
! 107b: R = S0:Ph (100%):
' 107c: R = CHyOMG (36%)
e '

. LA .

H, p,l\l Lot

f P Al [ AL I v
__,_'_qH o - —————— = . . r _[‘dH -II'I
o M Loon

35 (Natural)

Scheme 7. Mechanistic proposal for the stercosclective formation of tet-
racycles 32 via anni-TX.

(unnatural) 35

Antonio M. Echavarren, Chem. Eur. J. 2006, 12, 1694.
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Figure 2. Reaction pathway for the hiscyclopmopanation from complex 34 calculated at the B3 LYP/6-31G(d) (CH.P), LANIIDZ (Au) level (ZPE-cor-
rected energies are given in kealmaol™"). Color code: Au: vellow; C: gray:; P: purple: H: turquaoise.

)

| e SRR L _|‘

Figure 3. Reaction pathway for the biscyclopropanation from complex 34 calculated at the BALYPS-31G(d) (C.HP ), LANLIDZ (Au) level (ZPE-<or-
rected energies are given in kealmaol™'). The biscyclopropanation pathway from complex 3 (blue) is induded for comparison. Color code: Au: yellow;
C: gray: P: purple; H: turquoise.

3.4 Construct Guaiane sesquiterpene
A.M. Echavarren et al. Chem. Commun., 2009, 7327.

=
RO ]
=
1. R=TES
1
Entry [M] t Products (yvield, %)
1 AuCl 24 h —*
2 12 20 min 2(14) + 11 (34)
3 13a 3h 2(25) + 11 (12)
4 13b ih 2(65) + 11 (4)
5 PtCl5/(Po-Tols) M h _F
6 14 lh 2(28) + 11 (42)

“ Reactions in CH-Cls with 3 mol% catalyst and 4 A molecular sieves
at 23 °C. ° Starting material was recovered. © Reaction in 1,2-dichloro-
ethane at 70 °C.

(+)-orientalol F

) L
Bu + _ Mas—" '!‘T? “Mas + _
B s SbFg oTol gTal SbF;
P—Au—HNCMe AuCl i AgShiFg .

13a @:Fi\P{NCMB
* -
& 2= T e
12 nr"”kl;r““nr 14

A

|
licn 130 A= 2B-(PrisCoHs
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4. Echavarren's Total synthesis
4.1 Retrosynthetic Analysis

4.2 Key Reaction

4.2.1 Au catalyzed [2+2+2]
alkyne/alkene/carbonyl cycloaddition
reaction

: = oHd O :‘C'Jf /'-
: H::‘i, - fll:"r-"-‘-uhCP"ujShFﬁ ; /?)_._;?\
oy B
: OTES , - \I.{
: A e
L ,
""--#'F::# -"I-..JL
] i RO.J Y oo |
e g [AwL]’ P & F0 s N
']- Ixx--' H'N‘ﬂ:'-.
S Hi
5 8
v
II— Aul b
H‘D../’ RO, |
- (Aul] | e
b % 1 g ) 'S | J;,*f.
- ) L )
HT * ey SN AP
| ¥ . = %
8 7

After testing a number of protected derivatives of
aldol in gold(I)-catalyzed reactions, they found that
the best results were obtained by using unprotected
aldol(67 %).

Au catalyzed
[2+2+2]
cycloaddition

JM&
e

R oR O

ratalysl MOH j,___ e _.-l-\,__,. -J-w-.,_, M=
CHaCl, BT I C"‘_&L N {J\ | L b
alala, o - =
r'.-1|z---(2 I‘""H Ma
L 10
5

Entry R Catalyst t[min] Product {yield [3&]*)
1 TBS A 30 10b (80}
2 TBS B 30 10b (40}
3 TES A 20 10c (30}
4 Me A 1] =5
5 Me B 30 104 (10}
6 H A 20 Sa (48)
7 H B 20 5a (20}

|z] Reaction conditions: enyne (0.1-05 mmol), catalyst {10 mol3),
CH,Cl,, RT; catalyst &: AuCl, B: [Au{PPh.)Cl]f AgShF,, [b] Yield of isolated
product, [c] 50% conversion was observed. [d] 2 complex mixture was
obtained. [e] 20% conversion was observed.

Dawei Ma et al. Angew. Chem. Int. Ed. 2010, 49, 3513.

lF'.uLj o "
Me &
M .
\E:X_'\L_}_{”* —— 10bd
OR
] H
Ao far ﬁb—6d|
& kY
i )
» A L] 9 /[P-u o »
Me—4 Me O B ™ Me &
o) or JAut] [haL) ™ ""-_ X \,__,{
{ L_H/ r-.-1e .'___ / Me:
o by OR ~4 OR
MIZ-‘_{ A B
Me [arﬁal Ma Me
Y M&' ¢
6 o Mg Y
't -
(AW LA i“.u
C‘ ’H _{ - /-H —= 8a
__{ J o "“'H Me
C

The best result is When used R =H

The exclusive formation of monocyclic products from ether
substrates 6b, 6d could be rationalized by the steric hindranc{
of their protecting groups, which might prevent the attack of
the carbonyl group at the cyclopropanyl ring as indicated for
the formation of intermediate C.
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4.2.2 Stereoselective Denmark aldol reaction

1
[ ]
! QS5iChk '
1
. I T OH O
[ == e,
! x“'-]/‘h., "53?.7-*'3”0 : h“““;{_ﬁ'a.,_,f'hb i
! OTES OTES T :
e e e emeemmeeeeeeemeeeeeem—aaa. )
Me Me iy e, -
Ph, Phy s . o] W |
;[N_P?D \[H_F,’O I.- Th""l-l b, -h-rﬂ; .._F.|
R K - § I
pr” N M o N N B el T, HR |
e e 2 el [:«v-“a W, F R
e 2
(5.5127 (R A7 oy -3 1P S :

Table 8. Catalvzed Aldol Additons wath Aldehyde (5)-35¢

1. 10 mel: sal,

oscy O sohent. —78 “C O OH
P S HA\,HELHHU Ma
n-ou Mg ] i i z
aTesS 2. NaHCOy [ ag.) &res
2 (5)-35 36
entry catalyst solvent oyn/antt’ vield © Y&
1 HMPA CHaClz 1713 41
2 31b CHaClz 1/6.7 37
3 (RR)-19 CH,Cl; 1/10.1 51
4 (R)-30 CHaClz 1/1.8 54
5 (5527 CH.C 271 A7
& | (R.F)-17 CH,Cl, 1/15.6 50 I
7 [ Et:0 150 45
S (RE»-127T toluene 1/6.7 40
9 (RE)}-27 CH;CH,CH 1/11.5 43

“ R.eactions performed at 0.5 M for 6 h. * Determuned by GC anabysis.
¢ Chromatographically homogensous material.

Scott E. Denmark et al. J. Am. Chem. Soc. 2000, 122, 8837.

4.2.3 Reduction

1
1
1
WClg(2 eq.), HO :
nBuLi(4 eq.) I '
6 :
1
1
1
H OTBS :
S A
~Z C Z-2 _-C
[
—M=0 + | = M + 0 |
I'."\\ < . r
o Yield of 9 retention of |
Epoxide olefin, ¥  sterecchemistry
trans-Cyclododecene oxide 08 (94) ]
gg 195
98 |
cis«Cyclododecene oxide B9 94
88 96
70 %8
trans-4-Octene oxide 99 70
84 =98
97 =48
cis-d=-Oictens oxide B4 66
31 &0
81 93
rrans-Stilbene oxide g 100
eis-Stilbene oxide ED &
Cyclooctene oxide 1]
1=Dodecene oxide 80
55
4-Ethylcyclohexene oxide 75
65
47
Geraniol methyl ether bisepoxide 7 72
Citronellol methyl ether oxide 83
Stigmasterol acetate bisepoxide! (B3)e

K. B. Sharpless et al. J. Am. Chem. Soc. 1972, 94, 6538.

4.2.4 Hydrogenation
L E
CygP, Mo CyyPe, Mo
1 Crabtree catalyst 13
1 ke 1 k|
T 1 mol % catalyst R ng_ ”HR‘
H; :Ha 50 bar H, CH,Cl, rt, 21 A"
Entry  Substrates
117l 13
Ph 0
-~
1kl b 16 91
14
n-Hex 0
=
28] =T = 0l
15
Ph g
e
ca \ 31 =09
16
n-Hex 5
=
48l o = by = U
17
] M = N 2 I
5 w 2 ]
18
G
Gl Rz "aN." = O = 0
19
-]
N
7kl == 7 7
/ lIII I|l i =
Ph 5
gl < : i 61 (6.0:1dr) =99 {4.0:14dr)
21
e
gl /@J\( 0 8
Med
22

Andreas Pfaltza et al.Adv. Synth. Catal. 2008, 350, 174 .
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4.3 Total synthesis
L-(+)-diethyl tartrate

Ti(OiPr),, o o
CCl,, PPh
HO\/Y\/Y TBHP »HOW i C'\/\i/\/Y
TESOTT, Et;N AD-mix-o

H .
CH,Cl1 tBuOH/H,O . 5
nBuLi (3.5 eq.), THF . \ 2Ch W 2 Rs—
o] OTES HO OH

H Me
osicifP<-N O

N 0
PQN
NalO,/SiO PhsP WA <T=N
CH2C412 ? 0 X CHO Ph'H Me
S e oY >
‘OTES benzene,reflux OTES

CrO; (2,5-dimethylpyrazole)

[ OH O 1prauNcPnisbF, RO
‘OTES -
OR'

TBAF R=TES,R'=H

R=R'= H
TBSCIl, DMAP
imaamte LR =H,R = TBS

CyaP- | Bag

LB

WCl(2 eq.), HQ N/

nBuLi(4 eq.) .
—_—
66 H, (80 bar)

H OTBS

Cl
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