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Introduction

- Oxacarbenium ions are important intermediates in a variety of synthetic
transformations including Prins cyclizations and many nucleophilic addition
reactions which form new C-C bonds.

- Oxacarbenium ions are generated in the presence of Lewis acids but are
not covalently bound to the Lewis acid — controlling enantiofacial addition

via a chiral, catalytic Lewis acid is not feasible, so a chiral auxiliary is
needed.

- Rychnovsky set out to develop a chiral auxiliary that:
(a) promotes nucleophilic addition to one diastereotopic face
(b) both enantiomers would be accessible

(c) easily incorporated into oxacarbenium ion intermediates
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Synthesis of a,f-Unsaturated Alcohols from Allysilanes and Carbonyl
Compounds Using TiCl,

The Hosomi-Sakurai Reaction:

0 1) TiClg, CH,Cl, CIJH
Messi\/\ )J\ > ///\/<R1
Ry R 2) H,0 R2

(1)  Aliphatic, cyclic, and aromatic carbonyl compounds have
been used

(2) Regiospecific transposition occurs in the allylic part
(3) Less satisfactory yields obtained with AICI,, SnCl., BF ,-
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Sakurai, H.; Hosomi, A. Tetrahedron Lett. 1976, 16, 1295-1298
Jim Mignone @ Wipf Group 3 12/20/03




Me,Sil Catalyzed Allylation of Acetals: Synthesis of

Homoallylethers
Rs o . Ri Ry Rs
Me;Si - Rs . RsO <OR8 10 mol% Me;;S:L RZ/\ V><OR8

Catalytic Cycle of the Allylation
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Sakural, H.; Sasaki, K.; Hosomi, A. Tetrahedron Lelt. 1981, 22 745-748
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Noyori’s Elaboration of Sakurai’s Results
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Noyori, R.: et. al. Tetrahedron Lett. 1980, ' QV\\
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The One-Pot Silyl Modified Sakurai (SMS)

Reaction
R _ TMSOTS R,  OR
=0 + R,08Me; + oOMEz R1></2\\
R CCI4,rt
|
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“Catalytic, one-step, formation of homoallylic ethers from carbonyl compounds”

Reagent | Product Yield

Substrate

Cj 07PN
TTH PR OTMS O/\/&‘\‘“‘ 89 o :
-Success is independent of silyl ether but

O CaHis . . )
T | CeHa0TMS 62 reaction does not proceed without it.

CeHyy~ TH

0 a2 - Chiral silyl ethers were also explored.
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Enantiopure Homoallylic Ethers by Diastereoselective Allylation of
Aldehydes Using N-trifluoroacetylnorpseudoephedrine

1) 0.1 eq TMSOTf R Ph COCF
i ?Ph E(:lCFs 2) allyisilane /\/L ;\/NH 3
+ [
R™ ™H TMSO™ > . F 07 ™
: CH,Cl,, -78 C :

Proposed Mechanism:
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Tietze. L.F.. etal Chem. Eur. J, 1996, 2, 1164-1168
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Enantiopure Homoallylic Ethers by Diastereoselective Allylation of
Aldehydes Using N-trifluoroacetylnorpseudoephedrine
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k -CH=CH-C H, 6l $7:13  ~133.58

I CH=CHACH.OH, 7 8713 403

w o -C,H, 7 8218 —108.0

w -p-C HOCH, %0 Ys:2 — 1254 75

o -C H L Br By 91:9 - M2

- Sterically hindered aldehydes can be allylated but reactions do not always
go to completion.

- Due to stabilization of the oxonium ion intermediate, lower selectivity is
observed for «,p-unsaturated and aromatic compounds.

Tietze, L.F.; et.al. Chem. Eur. J, 1996, 2. 1164-1168
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Stereoselective Nucleophilic Addition to Acyclic
Acetals: The Linderman Model

or s oM 1 |sncl, |1161 | 83
TiCl, | 11.6:1 86
The Linderman Model BF,- 1.3 re

OEt,
L T 0 e 4 |ELACK, [11.7:1 86
<5 o 5 |EAC, |[11.1:1 | 73
\ | 6 |AIC 11.6:1 76
e 7 TMSOTF | 12.5:1 70
8 Ti(O/Pr), 0

The «-silyloxocarbenium ion adopts a

conformation that provides maximum overlap
of ¢ C-Si and n C=0 of the oxacarbenium ion.

Linderman. R 2 Anklekar, TV /. Org. Chem. 1992, 57. 5078-5080)
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Optically Pure a-(Trimethylsilyl)benzyl Alcohol via
Oxocarbenium lon Auxiliary
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— a-(trimethylsilyl)benzyl alcohol auxiliary leads to high levels of
diastereoselectivity , especially when used with alkyl oxocarbenium ions

- Observed selectivities were explained via the Linderman model

Rvchnovsky, 8.0 Cossrow, J. Org. Lelt 2002, 4. 147-150
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Diastereoselective Additions of Nucleophiles to -
Acetoxy Ethers Using the a-(Trimethylsilyl)benzyl
Auxiliary
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Limitation:

-Nucleophilic sp and sp® carbon atoms proceed in excellent yield but
suffer from poor selectivity
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Synthesis of Optically Pure Arylsilylcarbinols and Their
Use as Chiral Auxiliaries in Oxacarbenium lon

Reactions
=~ _~TMS Si(R1);:R
0 OTMS TMSOTS
. . O Ar
R)J\H Ar/l\Si(RHsz PhMe, -78 C )\/\

Preparation of Racemic and Chiral Auxiliaries:

Mg, THF NBS, AIBN B
N - N e R — e
Ar X Ar SI(R1)2R2 N
(Ry),R,SiCl PhH, 80 C Ar” Si(R1 LR
_-_AQOAC : o Noyor o
. ’ > l
Ho0. EIOH R SRR, Hydrogenation R™ TSR )R,
acetone
1) DIBAL
2y HMDS
Saccharin
OH
R Si(RLR,

Rvchnovsky. 8.0 Huckins, J.R.J. Qrg. Chem. 2003, ASAP
12
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Synthesis of Optically Pure Arylsilylcarbinols and Their
Use as Chiral Auxiliaries in Oxacarbenium lon

Reactions
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Preparation of Racemic and Chiral Auxiliaries:
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Rvchnovsky, S0 Huckins, J.R J Org. Chem. 2003, ASAP
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Substrate Limitations

- Aliphatic aldehydes lead to very good yields and diastereoselectivities with
the previous auxiliaries but the selectivities for aromatic aldehydes aren't as
good.

- Rychnovsky believed that the aromatic ring stabilizes the oxacarbenium ion,
reducing the selectivity.
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Fechimovsky, 5.0 Huckins. J.R.J Org. Chem. 2003, ASAP
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R : H
\r/ \]—- Ph R \l//O\I:Z-TMS
HoJ H  Ph
Linderman Model: Oxacarben.mn.'n
Si (front) attack Conformation:

Re (rear) attack

R, O\gMS (Minimum energy at
Wi B3LYP/6-31G")
H H

-The Linderman Model predicts the correct product for all auxiliaries but according

to this model as the bulkiness of the Si-group increases so should the selectivity-
this was not observed.

-The Linderman Model does not represent the realistic conformational minimum-
energy. The Oxacarbenium conformation is at least 4 kcal/mol more stable, but
this model predicts the wrong face of attack.

-Failure of the calculated model is due to the limitations of “ground state” analysis
and a transition state analysis would be more appropriate.

oo

clechnoveky, B0 Hockins LR Qg Chenr, 2003, 2840
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Conclusion

= The synthetic utility of reactions involving oxacarbenium ion

intermediates has prompted many groups to develop reactions that
Incorporate such intermediates.

- Rychnovsky has shown that a-trimethylsilyl benzyl is a practical |
chiral auxiliary for oxacarbenium ion reactions, yielding homoallylic |
ethers in good yield and high diastereoselectivity.

- The Linderman Model successfully predicts the selectivity in these
reactions but the this model does not represent the minimum-energy
conformation of the oxacarbenium intermediate.

- These reactions are currently being performed with carbon
nucleophiles other than allyltrimethylsilane.
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