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to give the optically active amides
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iminium salts, prepared from 8 and 14ab, were reacted with

15and 16ab in high yield and with good diastereoselectivity.

A major goal in synthetic organic chemistry today is the easy and efficient production of optically active
materials from prochiral precursors

by asymmetric

our preliminary results regarding the Diels-Alder

induction. 2 Several recent publications3
reaction of dienopbiles

In 1976, Baum and Viehe reported the first cycloadditions
cycloadducts

2 in good to excellent yields.4 Hydrolysis

These alkoxy iminium salts exhibit substantially

of acetylenic iminium salts such as 1 to afford the

of the cycloadducts

under mild conditions

increased reactivity in Diels-Alder

iminium group was found to be more activating than the corresponding
should provide stereoselectively

chiral auxiliary in a single operation. To our knowledge

NR;= chiral

4

auxiliary

induction in Diels-Alder

reactions.

the bicyclic ester 6 and allow recovery of the

6

5

the Diels-Alder

COOEt

there are no reports concerning

of acetylenic or vinylic alkoxy iminium salts. Examination

that bulky cyclic amines would offer the best opportunity for asymmetric
The chiral pyrrolidine

In fact, the alkoxy

there are no published reports concerning

reaction of simple vinyl alkoxy iminium salts, such as 5. Furthermore
amines in the preparation

reactions.

gave the ester 3.

acid chloride, nitrile, aldehyde, amide, or ester

group. It occurred to us that a chiral amide such as 4 might allow for asymmetric
Hydrolysis of the resulting cycloadduct

have prompted us to report

activated by an adjacent positive center.

the use of chiral

of Dreiding models of 5 suggest

induction.

7 was prepared by known methods and acylated with acryloyl chloride and Hiinig’s base

at -78 “C in ether.5 Removal of the cooling bath and stirring for lh gave the required acrylamide 8 in 95% yield.
Exposure of acrylamide

8 to triethyloxonium

tetrafluoroborate

was cooled to 0 ‘C and treated with. cyclopentadiene.
Chromatographic

separation

furnished

at room temperature

11 and 12 in a ratio of 2.3: 1 in 84% yield. Hydride reduction of 12 afforded

the known alcohol 13, the optical rotation of which corresponded
of diastereoselect-ivity
encouraging.

for 2 h provided 9. The solution

After 12h the reaction mixture was quenched with water.
to an enantiomeric

excess of 85%.6 The high degree

coupled with the high chemical yields achieved in this cycloaddition

It was disappointing

however to find that the hydrolysis

1893

of cycloadduct

process were verjl

10 gave mixtures of amide and

1894

ester products.

Generally the hydrolysis

of alkoxy iminium salts gives ester and amine products, but as the steric

hindrance of the alkoxy iminium salt increases, various mixtures of amide, alcohol, amine and ester products are
observed.7

10 to a single product via hydrolysis

All attempts to convert the cycloadduct

[H20, B(OMe)3/MeOH, AcCUH20, MeI&O],

assisted hydrolysis
K/18-Crown-6,

Na(Hg), Na(nap)],

pyridine, Na2&,

Hz&)

or nucleophilic

were unsuccessful.

(neutral, acidic, or basic),
DIBAL, LiEQBH, EtgSiH,

attack (ROH, ROH/H+, RONaROH,

RSH, K@, HzS/pyridine,

Et3o+ BFT
)
cH*c!2 /25”C

Qipr

0

ä
Q--+
BFT!$,?,+-&2$c
Q;,~~dq+-piPr

H

K

iPr2NEVEtp

0

-7%to 25°C
95%

w

d

7

iPr

R

2h

\o

9

12

A

iPr

12hJO”C

Et BF;

4

8

10

morpholine

NaBQ,

Frangois and Gittos reported that alkoxy iminium salts derived from

w-‘,

0

reduction

11

afforded exclusively

iPr

H

2.3

13

:1

ester and amine products upon hydrolysis,

85%ee

whereas the iminium salts of other

secondary amines gave mixtures of products. 8 We prepared a series of chiral morpholinyl
examined their Diels-Alder
failed, again presumably

chemistry.9

Unfortunately

all attempts to convert the cycloadducts

to a single product

The possibility

iminium triflates cleanly regenerates

of using the the trimethylsilyl

triflate salts of acrylamides

the amide

8 and 14 was explored and

was found to give the desired amides such as 15 and 16 in high yields and as the sole reaction products.
R;

14a

14 and

due to the steric hindrance associated with the cycloadduct.

It is known that the hydrolysis of trimethylsilyloxy
functionality.10

acrylamides

The

1) l.ieqTMSOTf/CH$12M”CIlh

14b

16a

16b

optimum reaction conditions were concentrations
-30 and -40 ‘C.11 The high diastereoselectivity,
this cycloaddition

process are very promising.

of 2.0 M or greater in methylene chloride and temperatures

between

good endo/exo ratios, and excellent chemical yields associated with
However the removal of the chiral auxiliary remained.

cleavage of hindered tertiary amides is often not a trivial task. Of all the procedures

The C-N

available for amide cleavage, only

the method of Roush proved successful. 12 Treatment of 15 with NBS in a mixture of 50% aqueous AcOIXlXF

at

1895

room temperature

provided the bromolactone

Zinc and acetic acid reduction
an enantiomeric

17 in 88% yield. The chiral auxiliary 7 was recovered in 65% yield.

of 17 gave the desired acid 18 in 92% yield. The optical rotation of 18 corresponds

excess of 86% with the S configuration

same two steps was found to be predominately

predominating.

Compound

to

19 obtained from 16a by the

the R isomer in 88% optical purity.

88%

65%

19

68% BB

16a
The stereochemistry

of the products obtained from the cycloaddition

transition states 20 and 21.13 In transition state 20 the diene approaches
hindered side of the dienophile,

reaction can be rationalized by considering

in an endo fashion from the more sterically

while in transition state 21 the diene again approaches

less sterically hindered side of the dienophile.
and leads to the observed Diels-Alder
can be applied to the dienophiles
dienophile resulting in Diels-Alder

in an endo fashion but from the

Transition state 21 is clearly lower in energy than transition state 20,

product 15 with the S configuration

a to the carbonyl group. The same rationale

14ab where the alkyl groups of the chiral morpholines
products with an R configuration.

are on the opposite face of the

Both the R and S acids 18 and 19 are readily

prepared in optically active form by using either the morpholine or pyrrolidine chiral auxiliaries.
the scope and generality

of this cycloaddition

isoprene and 1,3-cyclohexadiene,

However our preliminary

work less well with these dienophiles

reactive dienes, such as cyclopentadiene.

and thus this process may be limited to very

20
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