Chapter 23
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Formation of a chiral product enriched in one
enantiomer by means of a chiral auxiliary.
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Representative successful chiral auxiliaries
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* Formation of a chiral product enriched in one
enantiomer by means of a chiral reagent
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* Simple diastereoselection in a reaction between an achiral reactant
and a prochiral substrate modified by a chiral auxiliary
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The four diastereomeric transition states for the
reaction between two chiral molecules to
generate a new chiral center
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* The

Figure 23.7

reaction energy profiles for the reaction

between two chiral compounds to generate a

new

chiral center gives rise to four possible

transition states, all of different energy. Based
on this diagram, one would expect the

olgele
olgele

uct formed via AB(B) to dominate the
uct mixture, with a small amount of the

olgele
dmo

uct formed via AA(A), and negligible
unts of the other two diastereoisomers.



Figure 23.8
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* Cram's Rule may be used to predict the stereochemistry of addition
of nucleophiles to the carbonyl group of chiral aldehydes and
ketones.



Figure 23.9
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The kinetic aldol addition of the enolate of a chiral
aldehyde to the enolate of an achiral methyl
ketone gives the Cram (anti) isomer of the
product as the major product



Stereochemistry in the aldol addition
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Figure 23.10
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The possible diastereoisomeric products of the addition of the
S-Evans chiral boron enolate to S-2-phenylpropanal
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The possible diastereoisomeric products of the addition of the
S-Evans chiral boron enolate to R-2-phenylpropanal
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Asymmetric crotylborations
B *’HGDEPH ”m: 11?53 S
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(94%)
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R=TBDMS; Re=Me:Ry=H 61 - 39
R = TBDPS; Rg= Me; R, = H 62 : 38
R=CH,Ph; Re=Me; R,=H 68 32
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Asymmetric crotylborations: Matched
and mismatched reagents

L
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(23.11) (23.12) (23.13)
H co.pr
27N LH . =98 <2
Me.~_B-g" v coPr
H co,pr
0<% H 16 84

Me_~_B.o *co,pri

Ph Ph Ph
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chiral borane | + i | (23.16) 1 >
borane: 22.14 98 : 2
borane: 22.15 5 : a5 (23.14) {23.15)

The stereochemistry of the crotylborane fixes the stereochemistry of the product

the Brown pinane-based boranes give higher e.e. in the mismatched reaction than the Roush
crotylboronates

reactions between matched reagents are in blue; mismatched results are in red
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Figure 23.14
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Rationalizing the stereochemistry of the Evans
aldol addition of boron enolates



Figure 23.15
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Stereochemical reversal by diamines in the aldol
additions of titanium enolates



Chiral sulfinylamines and
sulfinylimines

this chiral auxiliary is relatively easily
obtained as either enantiomer

chirality is generated by the
configurationally stable chiral sulfur

deprotonation is effected with LDA; the
resultant anion reacts with alkyl halides
or with aldehydes

the B-hydroxyalkylsulfinylimines formed
in the reaction with aldehydes can be
further elaborated to give
stereochemically defined chiral 3-
hydroxyamines or chiral (3-
hydroxyketones

the sulfinyl group is removed under mild
conditions, and resembles the Boc
group in this way

(23.31)

(23.33)
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Phenmenthyl acrylates in the Diels-
Alder reaction

approach from
W d;k{:—‘ this direction is

(23.37) preferred
(23.38)

Ph1

mmg +::H24a:|2 (23.39)
—55°C
(89%, 97% d.e.) : 0P

* diastereocontrol is effected by &t stacking between the
phenyl group and the acrylate © bond




Figure 23.16
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Figure 23.17
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 Asymmetric ene reactions of glyoxylate esters



Oxazolidinone amides: asymmetric
Diels-Alder reactions
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Oppolzer bornanes in Diels-Alder
reactions

Hapefle il ma
both classes of cﬁg O %J\/\é "

Cl,TI(O--PT);

chlral §UX|I|ary cHl 2ot @
give high levels

(24:1 Enmem ::-QQ d.e.)
of asymmetric ngs ‘E”H 2249
induction 5
j/_/_g Me,AICI (2 eq) %} SR
CHClp, -20°C N
(63%) <0, ~  (23.46)

(100% Eﬂdﬂ 93 d.e.) da H

TBSO
TB SG



Nucleophilic addition to chiral
sulfinylimines

There is a very strong preference

for the s-cis conformation of the

sulfinylimine

— in this conformation, there is the

possibility of significant
delocalization of the lone pair on
nitrogen into the S—O c* orbital.

addition of the Grignard reagent

occurs through a cyclic activated

complex

stereochemistry of the addition is

reversed when alkyllithium

reagents are used as the

nucleophiles in the presence of

Lewis acid additives, or a

coordinating solvent

— in this case, the reaction proceeds

through an open transition state,

making the addition intermolecular
rather than intramolecular

DS—D a”

S O
v
L
\_/’@ 2

(23.47)

(23.51)

ME
. 0§

(23.52)



Representative Griognard additions to
chiral sulfinylamines
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* Note how the stereochemistry of the addition is reversed when the
Lewis acid, trimethylaluminum, is part of the reaction mixture

(23.53)*




quinidine (0.1 eq)
EtOH (5 eq), -50°C 1) Nak,: NH; 4

_ THF, ~48°C .
it =0 MeN NMez Qe 5=0 "ZJpurfication s=0 (23.55)
O =i (67%, >09% e.0.) 2N

HO NMes
1) (1.2 eq)
Ph Me
EtsN (1.2 eq), r.i. Ph 5=0  LiNH,, NH5 j{i .
GIJS:G 2) chromatography e O ) N,5='D (23.56)
(58%, »99:1 d.r.) NMe, (84%, =09% e.e.) 2

the chiral sulfinylamine auxiliary can be made either by asymmetric
synthesis of the sulfinate ester (which is configurationally stable) or
by synthesis and chromatographic separation of the
diastereoisomeric esters from the pseudoephedrine derivative



Representative asymmetric conjugate
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* there are two ways

Asymmetric substitution at the o

carbon

to accomplish this

transformation -
. R] \ O
— alkylation at the a \
carbon R,
— oxidation at the o

carbon

thd choice of base ij 1) Evger
can affect the Me. A s
regiochemistry of \[:) (d.r. not specified)
deprotonation and NMe, 1) sBul
alkylation of Me 2) e

N
I
cyclohexylimines \L j 3) Hy0

- "

(23.63)

Me

(23.64)



Alkylation of SAMP/RAMP hyrazones

chiral auxiliaries for the alkylation

of ketones and aldehydes

deprotonation of the
SAMP/RAMP hydrazones of
acyclic ketones leads to the E
double bond, and the eclipsed
conformation of the C—N bond
with nitrogen and carbon
eclipsed

guasi-1,3-diaxial interaction
between the methylene group of
the pyrrolidine ring and the
approaching alkyl halide hinders
the approach to one face of
enolate

1) LDA, Etz0O-hexane
=110°C

I|
.? ,
h OMe | ol
2) _>-!\ OMe
Et=0, -110°C to —20°C

3) Mel, A
4) HCI, H,0, pentane

1) LDA, Lil (0.1 eq)
THF, —95°C

2) I«_~_.CH{OMe)z
< OMe _ THF 0T

0 OH

M (23.67)7

(66%; d.r. 97:3)

i || ' (23.68)""

N 3) O, CH5Cly, =78°C

- N .
Q (79%; d.r.=100:0)

L

Me( OMe



Figure 23.18

N H LDA, THF

-
HEN’I; PhH. A ,55:::7/ —30°C

* Alkylation of chiral imines
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Alkylation of chiral oxazolines

Ph Rl 0O 1) base Rl O
1) LDA, THF, -78°C !{ 2 - : i
07\ - (23.72) % 2R R? X
(L‘N \OM 2) Etl, THF, -98°C to -50°C YCOzH . (23.73)
e
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B M
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2 1) EtLi, THF, -78°C Ph O._.N 1) !ﬂECHE}SU; THF, -85.C
2) AcOH, THF 2) Mel (excess), -85°C to r.t.

- 23.7
N 0 3) H,S0, H,0, A (lﬁm | (23.75) O‘ (90%, d.r. 97:3)
2

_‘H (66%, 97% e.e.)
MeO— Ph OMe




Asymmetric catalysts

chiral catalysts are almost always formed from an achiral precursor and a chiral
ligand.
chiral catalysts 23.77 and 23.78 are formed from the reaction between the chiral
ligand and copper (ll) triflate (23.77) or a titanium halide or alkoxide (23.78).
common structural feature of many successful transition metal catalysts for
asymmetric synthesis

— presence of C,-symmetric (or quasi-symmetric) ligands on the metal

— entire catalyst has actual or approximate C, symmetry



Figure 23.19
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* C,-symmetric diphosphine ligands used in making asymmetric
hydrogenation catalysts (top row). The C, axis common to these
ligands is indicated by the dashed arrow.



Catalyzed dialkylzinc additions to
aldehydes

this catalyzed reaction
gives product with very
high e.e from a catalyst
with low e.e.

actual catalyst is
dimeric

the meso dimer is
inactive as a catalyst

the homochiral dimer is
an active catalyst

known as asymmetric
amplification

CHO

= Et.Zn, PhMe, 0°C

= |
NME‘E
OH

(15% ee)

éb' e
En
1|:’ MEE

(23.86)
meso—inactive

- | (23.85)
i

(92% yield
95% ee)

? MEE
(23.87)
homochiral—active



Figure 23.20
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Chiral amplification with a chiral

ytterbium catalyst

when formed from the metal
and ligand of relatively low e.e.,
the complex 23.88 appears to
generate the homochiral form
selectively.

only the homochiral forms
appears to be an active catalyst
for the hetero-Diels-Alder
reaction between Danishefsky's
diene and benzaldehyde to give
the chiral dihydropyran 23.89.

ligand with just 20% e.e. gave a
product with the limiting value
of 90% e.e.—the same level
attained with optically pure
catalyst in this system

ee of 23.89

(23.88)

20

T T
40 60

e.e of 23.88

1

80



Asymmetric catalysis of the Diels-Alder
reaction

/ N,.-'_\b @ . 23.77

. £y
g 23.90
0 \C'!J'/ CHyClp, =78°C \ N\TJ/G ( ) o \><(G
(80%; >98% e.e.) O 5 h . )
N, N, (e
0 P AN
f JDL () 27 Yo o’ ot
o N P cHgcn-ec T N\ @9
Hgﬁll\:ﬂ O HE H'I

R1= H, RZ2 = CH,Ph: 20% conversion, 36% e.e.
R1= CH.Ph, RZ= H: 100% conversion, >99% e.e.

*  Cu-BOX complex 23.77 catalyzes the Diels-Alder reaction of N-crotonyloxazolidinone

* replacing the achiral oxazolidinone with the chiral Evans oxazolidinone does not change the overall
e.e. of the product or its absolute configuration

 the absolute configuration of the product is determined mainly by the chirality of the catalyst



Representative asymmetric catalytic

aldol additions
T > 2

(23.92)
OH HO
0O OMe , OH O OMe , OH O OMe
iBuCHO, 23.92 (0.01eq) I
| EtzZn (0.02 eq), THF, —=30°C | + 1
OH »- OH OH
(84%)
(23.94) (23.95) (23.96
dr: 84 : 16
ee: 93% B87%
Ph Ph
CHO EtoZn (0.1 eq)
' 22.97 (0.05 eq) HO., N N
- (22.98)
PhCOMe (10 eq)
4A MS, THF

Me
(60%; 98% eea) (23.97)
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Organocatalysis of the aldol addition

by proline
C H o |* T
0 qLGOEH O OH E’“% T:F—“,D
AN, ME:SID—MEECD A Ak, e IR ;:|O..---1H
(54-04%; 60-77% e.e.) Fé;j'LH H@MH
) {23.105}_ ) (23.106) )
both nucleophilic (the secondary amine) and
electrophilic (the carboxylic acid) groups are

essential for good organocatalyst reactivity



Proline-based organocatalysts

( J{H ring size: usually 5
N E E = O, ArO, CO3, CONR, (RO)2PO3, RO(R)PO3,
Ho RaPOs, CRzNCOR, CRaNSO3R

(23.107)

structural features of successful organocatalysts for the aldol
addition

O TBDPSO, TBDPSO,
COzH

Q‘GGEH {N} ““COZH
DEDC Fa H H
[23 108) (23.109) (23.110)

(23.111)

proline analogs useful as organocatalysts for the aldol addition



Figure 23.22
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Proline amide organocatalysts for aldol
additions in aqueous solution



MacMlillan imidazolidinones as
orga nocatalysts

_>\ME O Me
,?\* |
o] 2K

(23.119) (23.120)

the function of the amide groups 8
in aligning the pyruvic acid in the
aldol addition reaction with a
methyl ketone (23.119)

O

the prototypical MacMillan chiral ’jS'MEs P
imidazolidinone (23.120) ~cHo [;i/ —
Me CHO

\{ 23.120 (0.2 eq)
use of 23.120 as an organocatalyst 2,4-(05N)2C5HCO-H
EH2G|2—H2G Me

for the Mukaiyama-type addition

. (B0%; dr=8:1 anii)
to a silyloxyfuran (ce = 92%)
a model for the reactive
conformation of an iminium ion %
based on the MacMillan V\r ;C'}i

imidazolidinone
(23.122)



The enantioselective total synthesis
of salicylihalamides A and B

Co
{HH
K 5
\_7 51?
CH O %
L3
12
W A

(23.123)



Figure 23.23
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The retrosynthetic analysis of the salicylihalamides



Figure 23.24 (a)
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J ) 1) NaAl(OMe)gH ) 1)DIBALH, J B
o~ Ti(O-iPr)4, Bu'OOH 0 THF, 0°C o CH,Cl, 0°C o O™ co,pPr
= L-(+)-DET, CH5Cl. 2) p-MeOCgzH4,CHO 2) DMP, CH2Cl2 cHo  PhMe, -78°C,8h i
-23°C 0 | MesSiCl, MeOH, 16 h rt,1h
OH OH D.T,D OPMB
(23.132) (23.133) Ar (23.137)
(23.136)
HO 0. .Ph
OH 1) TBDPS-CI, Im, DMF, 1) DMP, CH,Cly, 30 min
\ OPMB 100°C OTBDPS  2) PhyP=CH,, —78°C fo .. T
d 2) 9-BBN, THF, 30 min & {__prus 3)DDQ, CH,Clp; HO ¢ i
] ] m1n ..?"- ] 2 2; E LT
79 3) NaBO3, 16 h o OTBDPS
Ph /S 7z
Ph
(23.138)

(23.139) (23.140)

* The synthesis of salicylihalamides A and B
(part 1)



Figure 23.24 (b)

Ph. _O
e T e PC
Ya o
Meo—d_\ OMe O Ci:HImCHF'h 1) BBra, CHzClp ~78°C
Gl 2) TPAP, NMMO, CH.Cl,,
(23.141) PCya < 4A MS 5
DEAD, Phsp, EtED 13 "‘"GTEDPS CHEC[Q, EL, 3 h 3} TlPS-C], EtN{f-PF}E,
DMAP, DMF

TIPSO O

 §

2) TBAF, THF, r.t.
3) TBAF, THF-HMPA, 40°C

(23.144) (23.145) (23.123)

* The synthesis of salicylihalamides A and B
(part 2)




Figure 23.25

RO OR N B
. : . . 5 HOE
rgglospec!flc epoxide /- )‘*b ™
ring opening a2k
i O "
(23.134) (23.135)
DIBAL-H F'h Ph Ph Ph
- 5 o o
reduction of
the acetal oo
23.136 D\r":’ ONCAl(iBu)2 Au:: Bu)z O~Al(-Bu)z
Ar Ar H Ar

(23.136) (23.146) (23.147) (23.148)



The enantioslective synthesis of
aigialomycin D

10




Figure 23.26

[DIS] 5 7 [DIs] SR, x~1" ORz  HO_ .
— ; ' '
~8 — 2 (22.154) JD
Ha| & T H. /56 7 g
0’5 e, 3 N (23.155)
H Q Iy
)ro 4—0
(23.150) (23.152) (23.153)

o fL

E?

(23.149)

m 0O

HO": 5
OH

(23.151)

Retrosynthetic analysis of the Harvey synthesis of aigialomycin



Figure 23.27

1) NaH (1.5 eq), THF, 0°C
2) n-BulLi (1.0 eq), hexanes,

\ﬁc} —78°C to reflux HO OH Ac,0, EtzN AcO | =y OAc NBS (2.0 eq) AcO OAc
3) HCI, H,O i CH,Cl, : BeE A
COoMe ) 2 CO.Me i Z>co,Me 4 CO.Me
Me

(40%) Me (98%) (71%)
(23.156) Br
(23.157) (23.158) (23.159)

* Synthesis of the orsellinic acid synthon



Figure 23.28

OH |
CO,M
MeO.. O MeO., O 1) Zn, HOAC joooene COzMn
" 5 1) TsCl (1.25 eq), py 5. A MeOH, A —=  NaBH,, CuCl,c-CgHyq ——=
2) Nal, MEK, A ] 2) PhaP=CHCO,Me >/ © MeOH, —78°C 3
o) o. 0 o. 0 o. .0
x (83%) x (74%: d.r. = 4.7:1) >< (96%) x
(23.160) (23.161) (23.162) (23.163)
OH SAc
1) MsCl, EtzN, DMAP
LiAlHg4, Et20, —10°C — CH,Cls —
i 5| BI = 5 E'
{9?“.-"'9} 0 2} I‘{SAC, DMF, r.t. O 0
X e X
(23.164) (23.165)

* Synthesis of the ribose-based thiol synthon



Completion of
. :
Figure 23.29  thesynthesis
. 7 :
of aigialomycin
AcO OAc
<
HO OH MOMO OMOM MOMO OMOM
CO,Me
o)
{23'1591 Br C’GEMQ '::'DEH U
9 K2COa, MeOH 1) NaH, DMF = HO
(86%) 2) MOM—CI PhsP, DIAD
3) KOH, MeOH, Hz0 = (94%)
72% Q
(72%) 34
(23.167)
MOMO OMOM MOMO.__~_OMOM HO.__~_-OH
| = O ?I\fﬂ
0=
m-CPBA, CHzClz Grubbs Il KOH,CCl, HoLH o O
5 CHClp, uWW £BUOH, CH,Clp
P 750 Tagec T::;}
(86%) (84%) " Ho

dde (23.170)

(23.171)

OH

(23.149)



The enantioselective synthesis of
chinesiolide B

(23.172)



Figure 23.30

He [DIS]
- :}
o 0
H "'r
i\? "ﬂ- f K H 0 b
RO  * RO = 1 (
(23.172) (23.173) (23.174) (23.175) OR;
(23.176)
[DIS] “[DIS]
]
[FGI] [HEAFIH] MeO.C 5-©.
— | \
QO i 8]
H 0 OH
(23.180) (23.179) (23.178) (23.177)

Retrosynthetic analysis of chinensiolide B



Figure 23.

31 (a)

1) H,0,, NaOH Cl cl MeO.__O
;:Qﬂ\ MeOH, 0°C TBS-OTH, py NaOMe, MeOH M
@) 2) LiCl, CF3COgH, THF M MeCN M Et,0 |
(98%) (97%) (85%)
(23.180) (23.179) (23.181) (23.182)
MeO,C._~p.0
HO TBDPSD\/\J/\ ri:-wf
LiAIH,, THF, 0°C M (COCl)z, MepSO {%/L - CHO N
i . CH,Cly, -78°C i _ BF3+OEt,, PhMe .
Sl OTBS o OTBS s R >
Q 4]
(23.183) w2 (23.184) (87%)
0
BF3 TBAF, THF, AcOH 0-02NCgH,SeCN
— : (70%) BusP, THF
", 'S
TBSO * 7 “OTBDPS TBSO * 7 "OTBDPS OH  (60%)
- (23.185) - (23.186) (23.187)

* The synthesis of chinensolide B (Part 1)



Figure 23.31 (b)

o 0
o 0
'\ i CN Grubbs Il Hu--r m-CPBA
4 I ) i CHClpA @ Q7 O CHxCl,

% £ % .,
886 *» ¢ | 1BSO {; . }xfs’f’ 93%) 1psg’ (90%)
(23.188) ) (23.189) ) (23.190) (23.191)
1) (i) DIBAL-H (3.5 eq), THF HO
PhMe, ~78°C, 2 h L |
(i) LiEtsBH, r.t., 30 min _ Hn MezSiCl, PDC, CHzCly
2) MnO5, (20 eq), CH,Cl, @ oo 71%)
50%
(30%) TBSO
(22.192) (23.172)

* The synthesis of chinensolide B (Part 2)



Key ring closing metathesis

7 0
= e H O
Hwaﬁ -— : S—
iy H 1
H
s TBSO’ ~F
TBSO  *
(23.193) (23.188) (23.190)

there are at least two potential ways for the ring-closing metathesis
reaction to occur.

The more reactive alkene t bond, from the a-methylene lactone
could react to form a six-membered ring (23.193), or

the terminal m© bond of the side chain may react to form the seven-
membered ring (23.190). Only compound 23.190 is formed.



The enantioselective synthesis of
plakortethers F and G

MeO

O (R)™~"(R) COz;Me
OH

(23.194)



Figure 23.32

— E — = : JIV
COzMe OHC @) ®"CHO g X

i
OH CHOOH CHO
(23.194) (23.195) (23.196) (23.197)

MeO™ o m™~m)

Simplified retrosynthetic analysis of
plakortethers F and G



Figure 23.33 (a)

F*r::l Ph Ph

|
o 1) NaHMDS, THF,-55°C £ K;’\ LIOH, H202 L
g | - o L [s) g |
N 2) dilodide 22.193, THF N N THF-Hz0 HO OH
r —EE°C, 16 h r ~
o 0 (75%) o o o 0 (90%) Y 0
(23.198) (23.199) (23.200)
Pl
o
i QH Y 1) (COCI)z, MesSO -
: 1) n-BuQCOCI, EtsM CHzCl3, EtaN 2
CFaCO2H i B Ee P (23.202 major) _78°C B ! e
HOLC - .
(quant.) o 2) NaBHj, HO i—f : 2) TsOH, MeOH s 2
o] (82%)
(23.201) (71%) K\/{QA/ (23.204)
OH
o)

- (23.203 minor)

* The total synthesis of plakortethers F and G (Part 1)



Figure 23.33 (b)

N e B i 1) LIOH, Hz05
| e . 2 THF-H0
LiAHy, THF : —78°C * . 2
v e e . - # % - (23.194)

(95%) o | MeO*"g N 2)MesSICH=N

- T

MBO N {:'. Smlg DH 0 D [BU%&}
23.205
: By b (23.206)
THF, -78°C
(56%)

* The total synthesis of plakortethers F and G
(Part 2)



The asymmetric synthesis of a

proposed structure of iriomoteolide-
1b



Figure 23.34

OH 2 OTBDPS
H 5 ]
13 = 23
0 MOMO
(23.208)

" [DIS] (estarification)

[DIS] | Ox-OH
(allylation) A : =
TBSO
(23.210) (23.209)

Major disconnections of the iriomoteoilide-1b molecule



Figure 23.35

OH - OTBDPS N-p - OTBDPS - OTBDPS OTBDPS
n ¥ | N, W | .
13 = 53 —> N S — —— OHC
0 MOMO [DIS] Ph 2 MOMO [FGI] OH [DIS]
(23.208) 23.211) (23.213) (23.214)
M[DIE] [FGI] L [FGA]
\}{DTES OTBDPS
TBSO CHO EtOsC” ™=
(23.212)
(23.215)

* The retrosynthetic analysis of synthon 23.208



Figure 23.36 (a)

Etﬁgﬂ\/fﬂgEt 'MEN (o]
<ol \__Ph
N %r’\
OTBDPS ) DIBAL-H, CH,Cly, ~78°C OTBDPS ks N OTBDPS
= - o
S 2) (COCl)s, MesSO Etan~ OHC CF4CO,H, CHClg, ~30°C OHC
CHaCla, —78°C .
(23.215) (23.216) (94%, d.r. > 20:1) (23.217)
(B9%)
CO4PY N
0 - N
2 Neco.pr 1) MOM-CI, EtNPrs, BugMI N
~~Bg 2 - i OTBDPS sl pelie OH OTBDPS o sH
4 A M3, PhMe, -78°C i 2) BHz*SMez, THF, r.t } DIAD, PhaP, THF "
¥ g lala 2 ar, . I.L
OH 3) EtOH, NaOH, Hz03 MOMO
(95%) sy (06%)
(23.218) (78%) (23.219)

* The synthesis of synthon 23.208 (Part 1)



Figure 23.36 (b)

N-p OTEDPS N-pny OTEDPS
N’ I'§ : Hs0s, E1OH, .t N’ Y . 1) LIHMDS, DMF-HMPA, —40°C
S (NH4)eMo70248dH20 N™ =5 OTBS
Ph MOMO B Ph %2 pmomo 2) TBSO._*
(92%) CHO
(23.220) (23.221) (919%)

OTBDPS

TBSO il 1) HF=py, py, THF, r.i. : PH : OTBDPS
g 2) DMP, NaHCOg, CH,Cly 3
» N2 3. CH3Clz
i 3) TBAF, THF, r.t. 0O MOMO
(23.222) (B0%) (23.208)

* The synthesis of synthon 23.208 (Part 2)



Figure 23.37

Rl o J'G\ [DIS] j}\/
i FG'] E _ = [DIS] oR
\L\/\(_/,f D‘H1 I, — 'GH1 ? — QGHD
TBSO M
(23.209) (23.223) (23.224} (23.225) (23.226)

Retrosynthetic analysis of synthon 23.209



Figure 23.38

COzPr!
o\ . OTBDPS OTBDPS OTBDPS
5 =~COuPH
OTBDPS ~.._B.y 2 HoC=CHCOCI, EtgN f,:— Grubbs Il {:_
- 4AMS, PhMe, 78°C _ /N DMAP, CHoClz °_, ~ CHLCha ._<__G/E 5
919, — 059 919, —=
(23.227) (81%) (95%) y <: (81%)
(23.228) - (23.230)
OTBDPS 1) NaBHg4, CeCls, MeOH
I %) PhaCCl, Im, DMAP 1) TsCl, EtsN, DMAP
1) MesCuLli, EtO, -20°C to r.t. \ 5 CHsCls CHaCla
2) LDA, MesSiCl, PhSeC ] o 3) TBAF, THF, r.t. ] 2) TBS-OTY, 2,6-lutidine
THF, —78°C == (73%) CHaCls, 0°C
3) NaHCOg, HaOs, THF-EtOAC (949%)
(72%) (23.231)
OTs
/ 1) 1.0 M HCI, H,0, CHCl
i 1) Nal, Me,CO —oTES 2) DMP, NaHCOs, CHzCl _
OTr  2) KOBW, THF OTr  3) NaCIO,, NaH,PO,,
':94%} —_— MEEG:‘GHME
£BUOH, Hy0
(23.233) (23.234) (74%) (23.209)

The synthesis of the C1-C6 synthon 23.209



Figure 23.39

SnBus Br
o~ P § OH 0. OFEt
“h [FGI] H [DIS] . [DIS] H [DIS] =
g —_— i p—— OoR —— ] — i
OTBS OR P OR OR
= o= CN Cl
(23.210) (23.235) (23.236) (23.237) (23.238)

The retrosynthetic analysis of the C7-C12 allylstannane synthon 23.210



Figure 23.40

Oy, ~OF 1) TBD-CI, DMAP, Im /' -OH 1) TsCl, Im, DMAP, GH,Cl, OTs 1) NacN, LiCIO,
H GH3Cly H 2) TBAF, THF, r.t. H MeCN, A
OH  2) EtMgBr, TI{OPri), KT'GTBS (74%) 0 2) TBS-CI, DMAP, Im
Cl Et;0 ~cl CHaClg
(78%) (83%)
(23.239) (23.240) (23.241)
Br SnBus
OTs OTs
ik BuaSnSnBugy
H R D'Eﬁ%’l&c”ﬂ? H MgBra»OElp, CHaCla H Pdadbag H
OTES - OTBS . I - T
2) PhyPMeBr, NaHMDS g A . TheEC e
CM THF, 0°C (88%%) (63%)
88%
(23.242) (88%) (23.243) (23.244) (23.210)

e Synthesis of the C7-C12 allylstannane synthon
23.206



Figure 23.41

OH I OTBDPS OH | OTBDPS
& = & L
=
23208 1) Ibx, Me:xS0, r.t. V\nw
23.210 io OH
Yb(OTf) 5 0 OTBES
p-0aNCgH4COsH ) DB-En CH,Cls
THF, r.t. —78°C W (23.246)
(81%) (70%)
cl cl
1Yo OH E OTBDPS OH : OH
0. _OH = =
II : ‘“-T’ EtgN, O°c tor.t. X 11 23 1) HFspy, THF X ;H{) .
\l/\lff 2) 23.246, DMAP Py 2) Grubbs 11 oH !
—_— PhMe, 0% to r.i. = CHsCly e =
(60-70%) ! (54-63%) 3y
(23.209) (11Z:11E 25:1) “TBS
(23.247) (23.207)

Completion of the synthesis of the structure
proposed for iriomoteolide-1b



An enantioselective synthesis of
manzacidin-C



Figure 23.42

x.,iff
e HN =N s \l/
1 A\)%CE’EH — HDM Hall: R

'[23'25“]' (23.251)

Retrosynthetic analysis of manzacidin-C



Figure 23.43

#/ i; 1) MeMgBr, THF S0

! LHMDS, THF, -78°C 1 5
- e 2 -
v J< O N 2) HCI (2 M) ” Gm
ph._o M Ph. N thﬂwph MeOH-dioxane O ~pn
Os (65%, d.r. =88:1) =
(23.251) (23.252) (23.253) (23.250)
(79%:; er »09:1)
-
1) AcOCH{OMe),, DMF HIN “‘*riJ 1) O3, MeOH, -78°C :D Hz, Pd-C
P el ske sheur - Ph._O
2) HGISU‘% AcOH S a ZPh  2) MesS ~ "™COH  MeOH
3) NaClOg, MeCN, Hz0
(74% over 2 steps) (23.254) (77% over 3 steps) (23.255) (96%)
- HNSN
o
HN N 1) NaH, DMF e " CO.H
B iR
HO
O pynt "
3.249
= (22.256) (22.248)

Synthesis of manzacidin-C by means of chiral
control by a sulfinylamine chiral auxiliary



The enantioselective synthesis of
ecklonialactones

(23.257-A: R, R' = n bond)
(23.257-B: R = R' = H)



Figure 23.44

H i Me—"= Me
Oy~ - ! Z CHO
| [FGI 3 DIS] Qw1 Me [DNS] [DIS]
A —n ——— — —_— e @:
H ; ] o oH CONR;
o L H
o o)
(23.257-B) (23.258) (23.259) (23.260) (23.261)

ois] PP~ ~pCHC Dig) Q@
—_— —_—

= ~~"""CONR; 0
(23.262) (23.263)

* Retrosynthetic analysis of ecklonialactone B



Figure 23.45

T

0 F""I"I7 F‘hj
J
(23.263) [Hhmﬂ?ﬁﬂ%i:nﬂaw . J% 1) LDA, THF, -78°C 1) AlMes, MeNHOMe, CHzClp
Ph.~g-0 - OMe Qﬂ 2) HzC=CHCHjl Ph
E}% )\}Eff\"; o (879%) J o 2 Y cH:Ch
¥sP-gy,.
(23.264) & (52%: 80% e.e.) e S o’ ;Slm'-"i’-
0

HO Nyt M2 S p Me
d i DMP, CHCl @,ﬂHﬁa ““come Me 1) LIHMDS, THF, —78°C C/h’da

oy N (73%) N KoCOs3, MeOH w N 2)MeOTf N

“OMe “OMe “OMe M‘}r’ OMe
iltr}r Er (75%) tl’.r}r (80%) o]
(23.267) (23.268) (23.269) (23.270)
< Ma 22 Me
EtMgBr @/ Li{s-Bu)sBH, THF 3 SynthESIS Of the alkynyl
THE THF, —78°C
b b alcohol synthon 23.260,
(935%) o . .
22271 23250 carrying three contiguous

chiral centers



Figure 23.46

Ph
=
Me Me Ll Phesio- ll_osiPha
iz &, Va MeCC(CHz),COH M Phasio- Y%-oEt
VO(acac),, -BuOOH v DMAP, CHCly 1/ =—Me . 2
OH CH2Cla OH Cy-N 0 PhMe, 5 A MS
; 04% " R 5
(94%) O _@N N Brs a (809%)
(23.260) (23.272) (61%) (23.273)
H
Hg, Lindlar Pd Q7 s
CHsClz o
(90%) H
o
(23.258) (23.257-B)

Completing the synthesis of ecklonialactone B



