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Diaster eoselective and Enantioselective Synthesis of (1S, 25)-2-
Ethyl-1-aminocyclopropane Carboxylic Acid
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Abstract: Pd(0) Complex prepared from Pd(dba), and chiral quinolinyl-oxazoline ligand can
catalyze akylation and cyclization reaction of 1, 4-dichlorobut-2-ene 1 with anion of N-(di-
phenylmethylene)amino acetonitrile 2 to provide (E)-2-ethenyl-1-N-(diphenylmethylene) amino
cyclopropane carbonitrile 3 with 100% de and 20% ee. Reduction of (E)-3 by diimide followed
by acidic hydrolysis afforded (1S, 29)-2-ethyl-1-aminocyclopropanecarboxylic acid 9, a natural
product coronamic acid.
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During the last decade, 1-aminocyclopropanecarboxylic acid and its derivatives (ACCS)
have attracted increasing attention of organic and bioorganic chemists due to their
outstanding biological properties, ranging from antimicrobial, insecticidal, plant growth
and fruit ripening controls, etc.". Moreover, the three-membered carbocycle provides
building blocks of unprecedented synthetic potential because it undergoes selective ring
opening, ring enlargement or cycloaddition reactions’. The most exciting applications
of ACCS arein the design and synthesis of conformationally constrained peptidometics’.
Therefore development of stereoselective synthesis of this attractive class of compounds
presented a challenging task of research.
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Approaches to diastereomerically and enantiomerically synthesis of ACCS involve
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mainly chemical and enzymic resolution of racemic compounds or use of chiral
auxiliaries in cyclopropanation reactions® . So far, only a few papers reported the
synthesis of ACCS using asymmetric catalytic strategy. Salaiin® used Pd(0) complexes
of (9- and (R)-BINAP to catalyze the reaction of (E, Z)-1, 4-dichlorobut-2-ene 1 with
N-(diphenylmethyleneamino)acetonitrile 2, providing (E)-2-ethenyl-1-N-(diphenylme-

thylene) aminocyclopropane carbonitrile (E)-3, a suitable precursor of plant growth
regulator coronamic acid. But the enantiomeric excess is lower than 5%°. We
recently used chiral quinolinyl-oxazoline compounds as ligands in cyclopropanation®,
alylic oxidation” and Heck-type hydroarylation®. Herein, we report our investigation
on the one-pot tandem alkylation and cyclization of 1, 4-dichlorobut-2-ene 1 with anion
of N-(diphenylmethyleneamino)acetonitrile 2 catalyzed by Pd/quinolinyl-oxazoline

complexes (Scheme 1).

Results and Discussions

To a 95 : 5 mixture of (E) and (2)-1, 4-dichlorobut-2-ene 1 containing 0.05 equiv. of the
palladium(0) complex prepared from Pd(dba), and quinolinyl-oxazoline ligand (Pd/L* =
1:2) in THF, were added 1.2 equiv. of the nitrile 2 and 2 equiv. of NaH successively.
The mixture was stirred at room temperature for 2 h to provide a diastereomerically pure
(E)-2- ethenyl-1-N-(diphenyl methyleneamino)cyclopropane carbonitrile (E)-3 with 71%
yield (Table 1, entry 4), together with 17% dialkylation byproduct (E)-5. In the
absence of Pd (0) catalyst, no reaction occurred. Replacement of the NaH by N,
O-bis(trimethylsilyl)acetamide (BSA) gave (E)-3 in lower than 5% yield (entry 1). Use
of 1 equiv. of NaH remarkably increased the amount of byproduct 4 (entry 6). It must
be underlined that the reaction of (E, Z)-1 with 2 in the presence of 0.01 equiv. of Pd(0)
catalyst gave a mixture of (E)-3 (35%) and monoalkylated products 4 (26%) at room
temperature for 2 h. After 3 days, however, monoakylated products disappeared and
(E)-3 increased to 65% (entry 2). Increasing the amount of Pd(0) to 0.02 equiv., the
reaction time could be shortento 2.5 h.

It is obvious that the first step of the reaction is alkylation of allylic palladium
intermediate with anion of diphenylmethyleneamino acetonitrile to afford monoalkylated
products 4. Intramolecular substitution of compound 4 to afford the final product 3
through an allylic paladium intermediate 6 in the precence of second eqiv. base. Low
temperature led to slow intramolecular cyclization because conversion of 4 to (E)-3
took alonger time (entry 5 vsentry 4).  Moreover, the intramolecular attack of carbon

Tablel Pd(0) catalyzed reaction of (E, Z)-1 with aminoacetonitrile 2

Entry  Pd(0) Base Temp.(°C) Time 3(%) 4(%) 5(%)
1 005eq. BSA(2eq) RT 65h <5 16 -
2 00leq. NaH (2eq) RT 3days 65 -
3 0.02eq.  NaH (2eq.) RT 25h 65 - -
4 0.05eq. NaH (2 eq.) RT 2h 71 - 17
5 005eq.  NaH (2eq) 0 17h 63 <5 13
6 005eq.  NaH (1eq.) 0 17h 18 30 12
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anion in the intermediate 6 was completely stereoselective providing a sterrically favored
trans isomer.

As a comparison, the chira ligand (4S)-2-(2-diphenylphosphinophenyl)-4-iso-
propyl-oxazoline®, which has been successful in various asymmetric reactions, was also
tested in this tandem reaction, and only trace amount of desired product (E)-3 (<2%)
companied with 12 % of 4 was obtained after 10 h under reflux.

Reduction of (E)-3 by diimide (prepared from azodicarboxylate, acetic acid and
pyridine in methanol>'%) offered the saturated cyclopropane derivative 1-[(N-(diphenyl-
methylene)amino)-2-ethylcyclopropanecarbonitrile (E)-7 in 85% vyield (Scheme 2).
Acidic hydrolysis of 7 with 1 mol/L HCI, followed by 6 mol/L HCI and then chroma-
tography through a Dowex 50w < 8-100 ion exchange column led to (1S, 2S)-coronamic
acid 9 in 62% vyield with an optical rotation of [a]2 + 6.47 (c 0.52, H,0), the
enantiomerical excess was 20%".
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(1S, 25)-Coronamic acid

In conclusion, one-pot tandem alkylation and cyclization of (E, 2)-1, 4-
dichlorobut- 2-ene 1 with the benzophenone Schiff base 2 catalyzed by chira
palladium (0) complex of quinolinyl-oxazoline provided an efficient method for the
preparation of cyclopropane derivative (E)-3, which is a key intermediate in the
synthesis of natural product (1S, 2S)-coronamic acid.
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