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Functionalization of Aldehyde C-H Bonds

Umpolung of Aldehydes with N-Heterocyclic Carbenes (NHCs):

©
<N BF4
A2 TBDPSO-_«" N ) o
O r | (10 mol%)\; ~-Ph A2 Bugaut, X.; Glorius, F. Chem. Soc. Rev.
Ar1JJ\H + Ar®  DBU (10 mol%) Ar! . 2012, 41, 3511-3522.
o) THF, 0°C, 6 h g Ar
O
43-98%; 56-78% ee
MeQO
N
O/\r/N‘ C|@ O/\// N
N-Mes N @
N
o YO MeO ©
(10 mol%) O @) Ph 5 " BF4

N H Ph™DBU (20 mol%) Me L (20 mol%) o 1

= ; S > r 3 (1. ,
R/ O/\]/ dioxane, 80 °C, 20 h g l// A r + KsPO4 (1.5 equiv) - Ar)Kv/.,Rg

Ar R O . dioxane, 40 °C, 24 h

8-99%; 96-99% ee = |><p» up to 95% yield

R >20:adr

up to 96% ee

: _ . 1 s s _ Liu, F; Bugaut, X.; Schedler, M.; ; Frohlich, R;
Piel, I.; Steinmetz, K.; Hirano, R.; Frohlich, R.; Grimme, S.; Glorius, F. Angew. Chem. Int. Ed. 2011, 50,

Glorius, F. Angew. Chem. Int. Ed. 2011, 50, 4983-4987. 12626.12630

Melissa Sprachman @ Wipf Group Page 2 of 17 7/29/2012



Functionalization of Aldehyde C-H Bonds

Starting Point: Intramolecular Alkene Hydroacylation:
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Willis, M. C. Chem Rev. 2010, 110, 725-748.
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Intermolecular Alkene Hydroacylation

@
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No hydroacylation products were formed when saturated aldehydes were
used as substrates.

It was hypothesized that internal alkene coordination was required for
reactivity.

—> Use of heteroatom chelation as a strategy for intermolecular

hydroacylation
Lochow, C. F; Miller, R. G. J. Am. Chem. Soc. 1976, 98, 1281-1283.
Vora, K. P; Lochow, C. F; Miller, R. G. J. Organomet. Chem. 1980, 192, 257-264.
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Hydroacylation via Heteroatom Chelation

Pr [RhCI(COD)], (1.0 mol%)
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quant.

Kokobu, K.; Matsumasa, K.; Nishinaka, Y.; Miura, M.;
Nomura, M. Bull. Chem. Soc. Jpn. 1999, 72, 303-311.
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Dehydrogenative Heck Reaction (DHR)

Traditional Mizoroki-Heck Reaction: base HX
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Rh(III)-Mediated C-H Olefination

Use of an oxidizing directing group:
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Rakshit, S.; Grohmann, C.; Besset, T.; Glorius, F. J. Am. Chem.
Soc. 2011, 133, 2350-2353.
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Inspiration for the Title Paper
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Lu, Y.; Wang, D.-H.; Engle, K. M.; Yu, J.-Q. J. Am. Chem. Soc. 2010, 132, 5916-5921
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Rh-Catalyzed Synthesis of Chromones

. |‘ [{RhCl(cod)},]/CsHoPh, Ph
Cu(OAC)»H.0 |
OH o-xylene, 140 °C, 2 h O" "Ph
86%

2 Cu''X, / \
O 2
R

RA'X wm
//////7 o-RhX

R2
@fl\/l[ Shimizu, M.; Tsurugi, H.; Satoh, T.; Miura, M.
o0~ R! Chem. Asian J. 2008, 3, 881-886.
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Rh(III)-Catalyzed DHR of Salicylaldehydes

Catalyst and Oxidant Optimization:

@) [catalyst] @)
©\)LH + /\COQEt oxidant _ @E‘g—\
OH solvent, 120 °C, 18 h 0O CO,Et
Entry Catalyst (mol%) Oxidant Solvent Yield
(equiv)
1 [RuCl,(p-cymene)], (2.5) Cu(OAc), (2) t-amylOH 0%
2 [Cp*RhCl,], (2.5) Cu(OAc), (2) t-amylOH 12%
3 [Cp*RhCl,], (2.5) Cu(OAc), (4) t-amylOH 48%
4a [Cp*RhCl,], (2.5) Cu(OAc), (4) DCE 76%

410 mol% 1,2,3,4-tetraphenyl-1,3-cyclpentadiene was used as a ligand

cymene
Cp* =
Selected examples from the SI from the Title paper.

Melissa Sprachman @ Wipf Group Page 10 of 17 7/29/2012




Salicylaldehyde Substrate Scope

R1 Yield ZIE ratio
H 76% 98:2

Me 80% 98:2
OMe  82% 95:5
SMe 85% 100:0
NO, 44% 100:0

Ph 71% 99:1
CO,Me 68% 99:1

Melissa Sprachman @ Wipf Group

[(Cp'RhCly),] (2.5 mol%)
C5H2Ph4 (1 0 m0|°/o) R AN

+ 2 CO,E [ =

Cu(OAc), (4 equiv) Z>~0 R
DCE, 120 °C, 18 h

ZIE ratio
98:2
96:4 O

95:5
95:5

CO,Et
O  CO,Et
63% (97:3) 75% (100:0)

=

76% (93:7)
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Salicylaldehyde Substrate Scope

Q [(Cp'RhCl),] (2.5 mol%) 0
X CSHQPh4 (10 m0|°/o) 7N
R1+ H + /\CozEt - R1T P __
Z OH Cu(OAc), (4 equiv) @) R
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/kaH CaboPhs (10 mol%) Of[g; . oo,
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Olefin Substrate Scope

O [(Cp'RhCl,),] (2.5 mol%)
C<H.Ph, (10 mol%
= Cu(OAc), (2 equiv) N~ OH oh

DCE, 120 °C, 18 h

b e ol

44% (4 equiv Cu(OAc),  34% (2 equiv Ag,CO4

51 Yégloz was used as the oxidant)
Me 71%

F 47% + < 10% chromone

Cl 43% + < 10% chromone

CO,Me 64% + < 10% chromone

@)
0
(@) OH OMe

=

57% (lonchocarpin) 54% (4-methoxylonchocarpin)
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Mechanistic Insights

[(Cp RhCl,),] (2.5 mol%) o]
CsH5Ph, (10 mol%
+ /\0025 shaPha (10 mole) > Z COEt
Cu(OAc), (4 equiv) H
DCE, 120 °C, 18 h
not detected
CO,Et
[(Cp RhCl,),] (2.5 mol%) O Xy O
% =
co P (10more) @f‘\/\COZEt .
Cu(OAc), (4 equiv) OMe OMe
DCE, 120 °C, 18 h
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[(Cp'RNhCl,)] (2.5 mol%) NTS/ N-T
+ A COZEt C5H2Ph4 (10 mol%) @f‘\/\COZEt + m
Cu(OAc), (4 equiv) OH O  CO,Et
DCE, 120 °C, 18 h not detected not detected
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Proposed Mechanism
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Salicylaldehyde-Based Natural Products
0 9] (@) (@)
Clom, OO, G OO
o Ph 0~ “Ph OH 0
aurone flavone 2'-hydroxychalcone flavanone

Alternative synthesis of aurones:

AuCl/K5CO4 OH O
oH (10 mol%) MnO, : /(
X MeCN, rt | | > CH,CIl, rt, 1 h =
\ ’ 2vi2 L
©\)C)H\Ph 84% O Ph  go% O Ph

Harkat, H.; Blanc, A.; Weibel, ].-M.; Pale, P. J. Org. Chem. 2008, 73, 1620-1623.

O  ph—=——H (3 equiv) OH o
@fLH Cy3AgCl (10 mol%) X m\ MnO, _
i-Pr,NEt (20 mol%) —\,, [CH.CL, 11,2 h |: | =
OH AN ) O PhT O Ph
H>O 75% (2 steps)

Yu, M.; Skouta, R.; Zhou, L.; Jiang, H.-f,; Yao, X.; Li, C.-]. J. Org. Chem. 2009, 74, 3378-3383.
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Summary and Outlook

A catalytic DHR reaction using salicylaldehydes has been
developed.

The methodology for forming aurone derivatives may be
limited to cases where electron-deficient olefins are used as
substrates.

The authors demonstrated the necessity of heteroatom
chelation for the reaction to proceed.
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