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Abstract:

Abstract: The results presented here provide experimental support for a hypothesis made by us to rationalize literature
observations on intramolecular Diels—Alder reactions (IMDA) and our own observations on IMDA with a furan
diene (IMDAF) regarding the quantity (catalytic or stoichiometric) of Lewis acid required to facilitate reaction.
Evidence suggests that the reactions can be divided into two classes: those that procesd with catalytic quantities of
Lawis acid (hersin defined as type A) and those that require a stoichiometric quantity of Lewis acid (type B). We
believe that the relative basicity of the controlling functional groups in addend and adduct can be critical in determining
the quantity of Lewis acid required. The relative Lewis basicity has been studied using competitive complexation
studies using low-temperature NMR experiments to study the coordination of methylaluminum dichlonide (MAC)
and BFyEfRO with mode] oxygen Lewis bases and IMDAF addends and adducts,
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Figure 1. 'H NMR spectra (—60 °C in CDClL) of competitive
complexation experiment 1, Table 3, between cycloheaenone (7) and
cyclohexanone (8), A=T. B =8 C = 11 mixmre of 7:8; D = 1:1:1
mixture of 7:8:MAC.
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Figure 2. 'H NMR. spectra (—50 °C in CDCl,) obtained for the IMDAF
reaction of 1g 1o 2g in the presence of 0.1 equiv of MAC. A = 1g; B
= 1g <+ 0.1 MAC. 5 min; C=1g + 0.1 MAC, 15 min; D = 1g % 0.1
MaAC, 3y E = 2p.



Tables:

Table 1. Isolated SM:P Ratios for the Example Reactions of
Schemes 1 and 2

SM 0.1 equiv of MAC" 1.1 eguiv of MAC®
la 0:100 0:100
1b 31:69 7822
1c 95:5 10000
1d 2476 82:18
le 27:73 T3:27
ir 100:0 100:0
1g 17:B3F T9-21%
3a 0100
3h 91 13:87°

# Conditions are 1.1 equiv of MAC, CH;Cl;, & h, =78 °C and 0.1
equiv of MAC, CH:Clz, 2 h, —63 *C,™" unless indicated otherwise,
Isolated yields are generally good, and no decomposition products are
detected. *In this eaanple two products ae fooned jn the atios 79.4
(0.1 equiv of MAC) and 16:5 (1.1 equiv of MAC). * 1.1 or 0.1 equiv
of DMAC, =50 °C, 2.5 h. Note that DMAC was used 1o reduce
aromatization of adducts that was seen with MAC.

Table 2. Change in the Chemical Shift, Ad, for Nucleus i of Each
of the Model Compounds Complexed in the Presence of 1 Equiv of
MAC, Eelatuve to the Uncomplexed Base, m CDCly at = &0 °CF

Add/ppm®
base i 1 2 3 4 5 6
cyclohexenone 'H 060 076 027 014 045
BC o135 0% 193 -—-0% -12 09
cyelohexanone 'H 052 025 013
WCo 27 13 0% =12
methyl propionate 'H 041 032 022
e 83 07 54 =05
methyl acrylate  'H 039 043 029
B J4  —31 102 5.7
THF 'H 0863 036
Be 55 -0l

* 2-Methylfuran polymerized under the experimental conditions and
has been omited from the table. f Column headings refer 1o the
positions defined in the structural diagrams,



Table 3. Change in the Proton Chemical Shift, Ad, and Percent
Complex for Each of the Model Compounds Complexed in the
Presence of 1 equiv of BFsERO in CDCL at —60 *C2

Ady/ppm®
base % complex 1 2 3 4 5 6
eyclohexenones T2 brde 0894 034 014 0.58
cyclohexanone 26 0.55 025 nd*
methyl propionate 9 0.64 nd® 051
methyl acrylae v
THF 70 0451 037

# 2-Methylfuran was not included in this study. * Column headings
refer to the positions defined in the structural diagrams. © The H2 peak
for the complex is broad due 10 exchange between sy and andi forms
at =60 *C, At —90 *C, both the H2 and H3 peaks are resolved into
two signals of approximately equal intensity, with Adyy = 0.84, 0.47
pom and Adg: = 0.97, 083 ppm for the syn and anti forms. ¢ The
shift of this peak could not be accurately determined due to overlap
with H2 of the free base, * The shift of this peak could not be accurately
determined due to overlap with peaks from Etz0. /No evidence of
complexation (even in the presence of 5 equiv of BFvEtRO).

Table 4. Shifis Observed for Each of the Bases in the Competitive
Complexation Experiments with 1 equiv of MAC, in CD}Cly at —60
=C

expt hase X H Adippm® hase ¥ H Adippm®

1 evclehexenone 3 0,36  cvclohexanone 2 0,00
2 methyl proplonatz 2 .38 methyl acrylate 3 0.04
3 cyclohexenone 3 066  2I-methylfuran b

4  cyclohexenone 3 0,01 THE 1 016
5 cyclohexanone 2 001 THF 1 036

“ Values are for the shift of the 'H peak that exhibited the largest
shift on complexation in the model studies. ® Mo figure is available for
2-methyifuran becapse of the polymerization observed dunng the model
studies.

Tahle 5. Percentage of Each Base Complexed in the Competitive
Complexation Experiments with 1 equiv of BF+EtO, in CDCl. at
—&0 °C

expl base X e complex” base Y % complex
&  cyclohexenone 65 cyclohexanone 5
7 methyl propionate £l methyl acrylate 0
#  cyclohexenone 0 2-methylfuran ]
9 ecyclohexenone 1] THF B3
10 evelohexanone 1 THF 87

“ Walues are based on peak integrals of free and complexed species,

Table 6. Isolated SM:P Ranos for 1d — 2d with 0.1 and 1.0
equiv of Various Lewrs Acids, 2 h, =78 °C, CHxCl,

Lewis acid 0.1 equiv of LA 1.1 equiv of LA
AlCIs §:92 68:32
MeAlCl: 2474 8228
MeaAl 10

BFEnO 96:4 63:37
TiCls 2003 B9:11

Ti(O-i-Pris 1040:0 1000




Schemes:

Scheme 1
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