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Background

4+2] cycloaddition of
heterodienophiles with
heterodienes.
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HDA Reactions with Aldehydes and
Ketones

 Importance: Formation of oxygen
based heterocycles such as 5,6-
dihydropyrans which are important
synthetic units found in many natural
products.

Vineomycinone B, methyl ester

 Problem: Only highly reactive J. Am. Chem. Soc. 1985, 107, 1285 - 1292
aldehydes and ketones readily
undergo HDA reactions with electron

rich butadienes. /ﬁ\ Cl
Cl
H H H

 Past solutions: Cl

1) High temperatures © ©
2) High pressures (15-25 kbar) OH  OH

3) Lewis acid activation

David Arnold 5/6/06 Top. Curr. Chem. 1997, 189, 1 - 107.
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On the Road To Milder Conditions

TBSO._- ™880~ N O~
" TL room temp. | AcCl or T\ )1(_‘
N R""R  CHLCl; Y HCI-THF ™5~
N..
N AN X =0 or N-R
1a R= alkyl or aryl,
acyl, or H
Table 2. Hetero Diels—Alder Reactons of Various Aldshydes

entry  aidehyde (2) ntime  productd  yiekd® In 2000, Viresh Rawal discovered that
= ~CHO a . . . .

'R ten ™o I-amino-3-siloxy-1,3-butadienes are easily prepared,

y-1,

R w e stable and highly reactive towards unactivated
| " ' . .
Mo, aldehydes at room temp. in CH,Cl, to give

s 2 CT7° e . dihydro-4-pyrone products, following N-acylation

i and subsequent 3-elimination, in good yields.
4 24 4:25;_'1__ cHo  25h 7d 72% . .
1) Aromatic aldehyde reaction rates corresponded to
e CHO . g e
s 2 2n 76 7% there respective carbonyl electrophilicities.
s 2 [©

Ty o e2sn D 2) Primary aliphatic aldehydes reacted within 2-3 hrs.
A R S T I 3) Secondary aliphatic aldehydes reacted within 6-8

hrs.
& 2h [l,a--.T,ACHD 6h Th g2eg"
4) The tertiary aldehyde reacted in 71 hrs.
M S oo David Arnold 5/6/06 Org. Lett., 2000, 2, 3321 — 3323.

“Yield of chromatographically purified product. * Obfamed as an
mmseparables mixmre of dastersomers.
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H-Bond Rate Acceleration of HDA Reactions of
Unactivated Ketones: Viresh Rawal 2002

Table 3. Cycloaddition Reactions of Diene 1 and Unactivated

Table 1. Rates of HDA Reactiong in Different Solvents Ketones
TESO TESO Ar
\q + Meo—@—cuo "m'.“ " \@ entry kabne time* product ratio yield (99 °
NMe, 1 C>=o sh © 6a 78
2 a
dieleciric rate constant refative 2 o
ad 6b 35
entry sohent comstant kP rate C2=o
1 THFE-ds 76 1.0 % 10-5 1
2 benzene-ds 23 1.3 x 10-5 1.3 3 ssh © 6c 421 75
3 acetonitile-ds 375 3.0 1075 10 ~
4 chloroform-d 48 3.0 x 1074 30 o
3 rerr-butyl alechol-dy 10.9 28 1077 280 4 —O—O 55h 8d  2.&1 74
6 1sopropyl alechol- ds 183 6.3 1077 630 S
o
“ For the commespondmnz undeuterated solvent, at 25 £ 5 °C . * Kinetics 5 au’—oﬁ SSh @B‘“ A b
meazured by WME mtegration usmg mntemal standard. =
. : _ &° sh © 1.5%1 81
Table 2. Reacfions of Cyclohexanone and 1 in H-Bonding 6f
Solvents Mo M'po o
Q N 2
0~ 1)sokentn O 7 srozc_u/\:P SEAS 0@ 6y i
% : - x
oy 2)AcCL-78°C o S »
1 L] 6a ( >"° 6h
=
entry sohent time (h) soholysis (%) yield (% F 9 o =;oh ©O 40
- - P 1 !/_ 6l
1 chloroform 43 20—25 43 =
2 tert-butyl aleohel 24 <5 71 10 o 6h O O Mo 33"
3 isopropy] alcohol 3 10-15 60 M__ome j\;/\f/ o)
4 ethancl 0.3 ~50P 30
5 methanol 03 ~40° 0 11 | ae 15n © ex 77
6 2-butanol 3 <35 78 =

David Amold /6108 5 Am. Chem. Soc. 2002, 124, 9662-9663.

David Arnold 5 5/10/2006



Chiral-Alchol Catalysts: Viresh Rawal

TBSO

< + Hp
NG O

Chiral Catalyst

Ar  Ar

David Arnold

2003

Toluene, -78 °C -78 °C, 15 min
70 %

CH,COCl
(R,R)-1-napthyl TADDOL | TBSO CH,Cl,/toluene
= | — & 0 R
O
NGO

| S-enantiomer
>09:1

* Novel example of a hydrogen bonding chiral
catalyst, catalyzing an HDA reaction.

* Good yields and enantioselectivities

» Uncatalyzed HDA reaction does not proceed in
toluene under identical conditions.

Nature 2003, 424, 146.
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A Natural Extension: Axially Chiral Biaryl
Diols: Viresh Rawal and Hisashi Yamamoto
2005

Synthesis of Axially Chiral BAMOLs

IO, e, OO SN
H,Cl,, 0-20 °© ,
OH 272 CO,Me ArLi, THF

8 - OH

OH 2. Pd(OAc),, dppp, Pr,NEt CO_Me
CO (1.5 atm), MeOH, i 78->-10°C OH
DMSO, 80 °C, 48-72 h Ar
Ar

J. Am. Chem. Soc. 2005, /27, 1336-1337
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1. 0.2 equliv. 3, toluene 0

TBSO
HO R -40 or -80 oC R
< + -
o 2. AcCl, CH,Cl,-toluene Xx°
PN 78 °C, 30 min
entry product R catalyst® yield (%)° ee (%)°
1 4a Me 3b 73 97e
2 4b n-propyvl 3a 76 o4
3 dc Ph{CHa,), 3a 95 95
- 4d PhS(CHy)x 3a 76 04e
3 4e Phth(CH;)y 3a 67 92¢
6 4f 1-propynyl 3a 42 0ge
7 4g i-butyl 3a 79 90¢
8 4h c-hexvl 3a 99 84
9 4i Ph 3b 84 o8
10 4j 3-(MeO)-CsHy 3b 86 08¢
11 4k 2-(NO,)-C¢Hy 3b 93 0ge
12 41 1-naphthyl 3b 67 o7
13 4m 2-furyl 3b 96 =99
David Arnold 5/6/06
David Arnold 8

A Natural Extension Continued...

Ar
Ar
3a Ar=4-F-3,5-Me,C4H,
OH

3b Ar = 4-F-3 5-Et,C4H,

Straight-chain aliphatic aldehydes:
good yields excellent ee’s

*Branch-chain aldehydes: lower ee’s

*[ewis basic heteroatoms are well
tolerated

*Electron rich and electron poor
aromatic aldehydes give comparable
ee’s.

J. Am. Chem. Soc. 2005, /27, 1336-1337
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Crystal Structure of the Inclusion Complex of
2,2’°-bis-(diphenylhydroxymethyl)binaphthylene

and benzaldehyde
;"_'F * 1:1 complex
y L
L\ s M- * Intramolecular hydrogen bond
;.:*"'r____i" j::!'_"i, —f-ﬁ’; between hydroxyls
T | » & '-
ﬂﬁ__’;’ | 'li  Intermolecular hydrogen bond to
AT } * carbonyl of benzaldehyde
o _E; ﬁ;—i
o :T' E‘gf * Carbonyl activation through a

single-point hydrogen bond

David Arnold 5/6/06  J. Am. Chem. Soc. 2005, 127, 1336-1337
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Conclusion

 The use of hydrogen bonding solvents and chiral
hydrogen bonding catalysts as carbonyl activators has
proved to be an efficient method for both accelerating
the hetero Diels-Alder reaction and controlling the
stereochemical outcome.

e Chiral alcohol catalysis offers a potentially very
useful alternative to traditional metal based Lewis
acid catalysis and may possibly be extended
successfully to many other asymmetric reactions
requiring carbonyl activation.
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