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Anion Relay Chemistry (ARC)

An Effective Tactic for Diversity Oriented Synthesis

Marc PRESSET

Bibliographical seminar, 09 /06 / 09



Presentation
History and Definition

» Well-known chemistry (First example in 1979)

=

» Concept formalized by B. Smith Il in 2006

a K

‘ Anion Relay chemistry (ARC) = Multi-Component Coupling Protocol

e S e 2
Nu E1 > |1 > |2 E2 > P
negative charge
migration

‘ Different types depending on the nature of the migration

(1) Chem. Commun. 2008, 5883 o+ .




Presentation
Classification

Anion Relay Chemistry

(ARC)
“Through-Bond” “Through-Space”
Example : Michael's Addition
negative charge propagation
through 1r-system Type | Type Il

‘ Limitation to Through-Space ARC




Presentation
Classification

:> Type | : Relay of negative charge back to its originating locus

O
Q . :
SLF{?) /LA @) SIR3 BROOK j)jEGD\ R3S|O
O = —_—
ASG R ASG rearrangement R ASG R
bifunctionnal nucleophile
linchpin

:> Type Il : Relay of negative charge to a new locus

S”Qs S”?s

ASG —
blfunctlonnal electrophile
linchpin

OSiR; R5SiO
BROOK Ny Q
ASG —> n
R R

‘ Importance of Brook rearrangement

ASG

ASG

Synthése al

ASG = Anion Stabilizing Group olevel
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Presentation
Brook rearrangement

:>Brook rearrangement = Reversible migration of a silyl group from C to O

OH [1,2]-Brook Rearrangement OSiR3
Pll;l,h SiR3 - PII~:|>h .
Deprotonationl T Protonation
0° 0 OSiRs
\
ng\SiR3 = P*F‘)h7LgiR3 — ng@

:> Later studies generalized Brook rearrangement to [1,n] with n=5 2

‘ Principal factors governing the equilibrium between oxy and carbanion :
- strengh of the oxygen-metal bond
- anion stabilizing ability of the carbon substituents

- polarity of the solvent

(2) Smith, 1l JACS, 2006, 12368 StereO




Through-Space Type | ARC

First examples

‘ First example : Matsuda’s work 3

CN 1)LDA, DME OO TMS OTMS 3 OTMS

T raising o _ M
e e T, T 1R

/A (73%)

‘ Tietze’s linchpin : 4
A A

Ss  DrBul 3)H,0  OH'S's OH
Yoy 0 4)NaF '
= (LLA (89%)
(2.2eq)

‘ Schaumann : dual functional partner ®

OTs OTs
& 1) n-BulLi
S'S > TMS - S
HO S

)/ 2 - S then \S
TMS NOTS o = SN SO ss/ﬁ e
Qs ANTIEA RS Ol
' e exelV

(5) Schaumann, ACIEE, 1994, 217 Réactivité Organique



Through-Space Type | ARC

Examples controlling Brook

‘ Oshima triggers Brook by additive © or solvent : ’

o)
X X 1) R, THF  TBSO Xx X R=H, X=Cl (80%)
> . )\)4 R=Me, X=CI (68%)
Li” “TBS  2) Mel, HMPA R R=Me, X=Br (60%)
1) n-BulLi Ph.Si
. . 3Sin A R =H, Ak, Ph
PhaSi_~ ELOTHF (21) 3) e _ E=Mel, PhCHO
OSiPhg (39-52%)

SiPh; 2) (\>>_R

‘ Smith, Il uses Tietze’s linchpin with solvent-co

1) t-BuLi, Et,0

2) [0
Ny T e

ntrolled Brook : 8

R'=0Bn, alk
1 L]
S>/S eq) ~ TBSO 83 R2=OR, CH,ODMP
TBS 3) R (56-74%)
(2eq)

HMPA (0.3eq)

(6) Oshima, Tetrahedron, 1996, 503
(7) Oshima, Tetrahedron Lett., 1998, 2575
(8) Smith, 1ll, JACS, 1997, 6925

Synthése Totale et

n-l—-.n 7
die\eV
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In Natural Product Synthesis

‘ Smith’s formal synthesis of mycoticin : °

OH OH OH OH OH OH
T - : /\L\
HO™ o~ R

Lo N \/\\“’/\\MO =

Mycoticin A (1) R
Mycoticin B (2) R

1) t-BulLi, Et,O 3)

H
Me

SN

2) O
& OBn <\ (1eq)
% © HMPA / THE TBSO S's S's OTBS

S'S (2.3eq) Ss O S em o e
s e A oBn O AN A Ao

TBS
59%
(2.5eq) (59%) l
‘ Five-component coupling tactic
Schreiber’s intermediate in 8 steps o><o o><o o><o

(five fewer) Bno.__A A I A NN _oBn

(9) Smith, 11l Org. Lett., 1999, 2001 -
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In Natural Product Synthesis

‘ Hale’s synthesis of ring B of Bryostatin : 1°

1) t-BuLi, Et,0, HMPA
2)0 N
& %OPMB TBSO S's OTBS
%f (2eq) -
3) TBSCI
TBS ) OPMB OPMB
(87%)
X 5 OH
TBDPSO O
OPMB

10) Hale, Org. Lett., 2000, 2189
= ° oLeel
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In Natural Product Synthesis

‘ Smith’s total synthesis of (-)-indolizidine : 1%

1) t-BuLi, Et,0
2) OTBS
L\ W Bu N
1e
S 3)HMPA/E(t OQ) A=)
TBS 2
(1.2eq) TBSO
(1.3eq) (56%)

Synthése Tota et
vie\evV
Réactivite Organique

(11) Smith, Ill, Org. Lett., 2004, 1493
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First examples

- Moser’s complex : 12 13

CHO 1) Nucleophile
2)
TMS > Product
| 3) hv, air
Cr(CO)3
Li
Mel S \¥<
Me Me OTMS
C{'\OTMS @('\OTMS ©;}<
(55%) (65%) (70%) O
(12) Moser, Org. Lett., 2000, 717 S,:\M-lh::ta_l ,-:. 11

(13) Moser, Org. Lett., 2002, 1981 oie\eV
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Others linchpins

‘ Smith’s linchpin (Dianion synthon) : 14

TMS 1) t-BulLi
B 2) Aldehyde
' > Product
3) , HMPA
(commercial) 4) Acidic Workup
PhCHO
Ph(CH,),CHO PhCHO
OH OH OH

(0}

(60%) (63%) (31%)

Synthése Totale t

(14) Smith, 11l, Synlett, 2004, 1363 SteeO®2

ctivité Organique
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Others linchpins

‘ Smith’s design of new linchpin (Cation/Anion synthon) : 1°

1) t-BuLi, Et,0 A
L\ 2) 0
N S
S'S C ov\)f’
TBS

TBS

1) ssA

Qs TBS 2

Nucleophile - HMPA > Product

& &SS TBSO <S\s

(69%) (92%)

Synthése Totale et

(15) Smith, Ill, JACS, 2006, 66 vieseV

Réactivite Organique
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Others linchpins

‘ Smith’s design of new linchpin (Cation/Anion synthon) : 16

OH 1) n-BuLi, TMSCI O TMS

K{( 2) 0.5M H,SO, kﬁ
3) MnO,
O TMS

1) |
Y )
Nucleophile > i > Product
3) Acidic Workup

‘ OH
H/\/H(\
(83%) (38%)
—_— h a EA 14

(16) Smith, Ill, Org. Lett., 2007, 3307 o |Il e\e U

ité Organiqu




Through-Space Type Il ARC
Others linchpins

‘ Smith’s design of new linchpin (Cation/Anion synthon) : 17

i
! ©f
T™MS 2)
Nucleophile > ~ Product
2) Cul, HMPA 3) TBAF
OH
(69%) (69%) (68%) (66%)
(17) Smith, 11, ACIE, 2008, 7082 Q "_‘ M 15

Dl.e'ieu
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Others linchpins

‘ Xian’'s design of new linchpin (Cation/Anion synthon) : 18

1) LHMDS O\
OH PpC Br 2) TBSCI
14 \; 3ytBuli
S 4) DMF s~ TBS
\ 2)
1) Nucleophile HMPA
> > Product
/ \
x” ~TBS
TBSO TBSO TBSO TBSO
Bu 7 S Bu Ph
/ \ / \ / \ / \
o) o) S S
(73%) (62%) (87%) (48%)
AR

(18) Xian, Org. Lett., 2009, 1861 o |Il e\e U

ité Organiqu
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In Natural Product Synthesis

‘ Smith’s total synthesis of a gorgonian sesquiterpene : 1°

1) n-BuLi/t-BuOK

2) c? TMS
Y OH
m . W
3)
(38%)
4) 0.5M H,SO,
5) DMP

6) (R)-CBS-reagent, BH;

OH
W
(73%)

Synthése Totale t

(19) Smith,ll, Org. Lett., 2007, 3307 STH e O

ctivité Organique
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In Natural Product Synthesis

‘ Smith’s synthesis of BC-spiroketal unit of spirastrellolides : %°

OH
HO 47 p— N

. . 7 HQ
Spirastrellolide A (1): = g

R=Cl, X=X = HC=CH s
Spirastrellolide B (2): '

HO
R = H, X=X = H,C—CH,
(20) Smith,ll, Org. Lett., 2007, 3307 STER O
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In Natural Product Synthesis

‘ Smith’s synthesis of BC-spiroketal unit of spirastrellolides : %°

1) n-BuLi/t-BuOK
2) &
87 .0 <s\ Q OJ(
S oJ( PN ° OTBS]S .

C e
2y __TBS | )M/\‘/\/
3)

(77%) OMe

10 steps (16%)

Synthése Totale t

(20) Smith,ll, Org. Lett., 2007, 3307 STER O

ctivité Organique




Conclusion

‘ Numerous linchpins

‘ Applications in natural products total synthesis

:> Limited to Brook rearrangement

:> Good yields but not excellent

Synthése Totale t

oLeéexeV
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