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WATER-INDUCED FORMATION OF AZOMETHINE YLIDE 1,3-DIPOLE.
STEREOSPECIFIC AND REGIOSELECTIVE CYCLOADDITION REACTIONS
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An N-(trimethylsilylmethyl)imine generates the azomethine
ylide 1,3-dipole of nonstabilized type, when treated with water,
which cycloadds to olefinic dipolarophiles in a stereospecific

and regioselective manner.

The recent rapid growth of N-ylide chemistry owes much to the simple compound,

N-(trimethylsilylmethyl)imminium salts that are accessible by either the quater-

nalization of N-(trimethylsilylmethyl)iminesl)

2)

or the alkylation of imines with
trimethylsilylmethyl triflate. The former method seems more sensible at this
moment because a convenient and general synthesis for a variety of the N-silyl-

methylimines has been recently reported.s)

The quaternalization of N-silylmethyl-
imines with such electrophiles as acyl halides, alkyl halides, and trimethylsilyl
triflate is often followed by a spontaneous desilylation forming nonstabilized azo-

methine ylides.l)

In the course of our study on the desilylation of N-(trimethyl-
silylmethyl)imines, we have come across a novel desilylation reaction.

We wish to report here the water-induced formation of azomethine ylide 1,3-
dipole and its stereospecific and regioselective cycloadditions to olefinic
dipolarophiles.

The reaction of N-benzylidene(trimethylsilylmethyl)amine 1 with N-methyl-

maleimide 2a gave a mixture of two isomeric [3+2] cycloadducts 3a and 3a', while
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Table 1. The reactions of 1 with 2a and 2b under various conditions

Chemistry Letters, 1 9 8 4

Entry Reactiona) Reaction conditions Productd) Recovered Polymer
Solventb] Additivec) Temp Time/h 3+3 1 2 of 2
1 1+ 2a distil. HMPA CsF R.T. 24 - 100 - 100
2 distil. HMPA R.T. 24 - 100 - 100
3 comm. HMPA R.T. 24 60 40 - 40
] distil. HMPA H,0 R.T. 24 100 - - -
5 distil. THF R.T. 24 + 100 100 -
6 distil. THF H,0 R.T. 24 4o 60 60 -
7 1+2b distil. HMPA R.T. 24 30 70 70 -
8 distil. HMPA 75°C 24 100 - - -
9 distil. HMPA H,0 R.T. 24 83 17 17 -
10 distil. HMPA H,0 R.T. 24 65 35 35 -
11 distil. HMPA H,0 R.T. 2 30 70 70 -
12 distil. HMPA H,0-NEt, R.T. 2 30 70 70 -
13 distil. HMPA H,0-AcOH R.T. 2 71 29 29 -
14 distil. HMPA H,0-AcOH R.T. 12 100 - - -

b) distil. HMPA:
Predried HMPA (on molecular sieves 5A) was distilled twice over CaH2 under nitrogen.
distil. THF: Sodium-dried THF was distilled over LiAIHu under nitrogen.
and AcOH was used except for entry 10 where five equivalents
d) By 1H—NMR spectra of crude reaction mixtures.

a) All the reactions were carried out between equivalents of 1 and 2.

c) Each an
equivalent of H20, NEt3,
of water was employed.

it was found that this reaction was extremely affected by reaction conditions
(Scheme 1 and Table 1). The reaction in very dry hexamethylphosphoric triamide4
(HMPA) resulted in a quantitative polymerization of maleimide 2a and the imine 1

)

was recovered unchanged both in the presence and absence of cesium fluoride as a
However in commercial grade of HMPA, a moderate yield of the cyclo-
Surprisingly the presence of an equivalent of

silylophile.
adducts 3a and 3a' was obtained.
water inhibited the polymerization and gave the cycloadducts in a quantitative
yield (entry 4 in Table 1). 1In distilled tetrahydrofuran (THF), both the starting
materials were recovered, showing that HMPA was concerned with the desilylation.

The structures of cycloadducts were confirmed on the basis of spectral data
as well as elemental analysis.5) The isomer 3a with a small J2_3 (2.0 Hz) is
trans and the other 3a' with a large J2_3 (8.0 Hz) cis (Table 2).

Compared with the imide 2a, dimethyl fumarate 2b is rather sluggish in poly-
Thus the reaction with 1 in dry HMPA afford-

In this case also, water was effective

merization under similar conditions.
ed the cycloadduct mixture 3b and 3b'.
(entries 9 and 10). Although triethylamine did not affect the reaction at all, the
use of water-acetic acid mixture gave satisfied results (entries 11 to 13).

As a result, the reactions of 1 with several other olefinic dipolarophiles 2

were carried out in dry HMPA in the presence of each equivalent of water and
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acetic acid, since at least water is essential to avoid the polymerization of 2.
All the results obtained were shown in Table 2.

It is clear that this reaction is highly stereospecific but at the same time
awfully nonstereoselectivea) from the facts that each two stereoisomeric [3+2]
cycloadducts 3b, 3b' and 3c, 3c' are formed in the reactions with 2b and dimethyl

Table 2. Reactions of 1 with Olefinic dipolarophiles in the presence of water-acetic acid a)
Olefins Products Yield/$ TH-NMR spectra (& ppm, Hz)
(3/31b) 3E  4E 2-CH J, 3 others
N N
Ph
’(-—-)% g Ph woam | 2 - 4.60% 2.0 [2.98% (N-Me)
0% N ' - - 4.32% 8.0 [2.85° (N-Me)
Me "“ 0 NSO -
Me Me
= ) 3’
H H < < d
E: Q’Ph CIPh 3b  3.63° 3.70° u4.50° 8.0
E ) ) 100 (1/1) | 3 3.15% 3.70° 4.279 7.0
2b E E E E -
- 3b 3b!
H H
E
s~ Ph Ph 3c 3.62° 3.63% 4.599 6.0
100 (7/3) | = s s d
2% E E E E 3c' 3.20°7 3.637 4.39 6.0
- 3c 3c'
H H
N NYy-Ph ¢Npph d - - 5069 7.0
TN ) ). 80 (5/7) | —, 4
2d NG CN nNné CN 3d - - 4.25 9.0
- 3d 3d'
H H
= Ph Ph 3e  3.55° - 4.559 9.0
E A 72 (1/3) - s d
) P E Ph E 3e' 3.11° - 4.70° 9.0
= 3e 3!
Me H H
— CIPh C‘IPh o | X 3.6 - a0 [1.109 (4-me)
E W S S 3 3.16° - waed 8.0 |1.139 (4-Me)
2f
- 3f 3f
M N N
e Ph Ph
=(E < Z’ < Z’ 25w | 2 3.66° - 4.55° - |o0.84° (3-Me)
29 wé E ME E 3g' 3.17° - 3.86° - |1.37° (3-Me)
39 3g'

a) All the reactions were carried out by using each equivalent of 1, 2, water, and acetic acid in
distilled HMPA at room temperature for 12 h. b) The ratios were based on the 1H—NMR spectra of

crude reaction mixtures.
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maleate 2c, respectively, and that these four are different each other. The
structural assignment was based on the downfield shift of 2-H cis to the 3-ester
group as well as the upfield shift of 3-ester methyl cis to the 2-phenyl group.7)
This cycloaddition reaction is also highly regioselective: the reactions of 1
with such unsymmetrically substituted olefins as methyl cinnamate 2e, crotonate
2f, and methacrylate 2g yielded the stereoisomeric mixtures of single regioisomers
3e+3e', 3f+3f', and 3g+3g', respectively.

Two types of 1,3-dipoles A and B might be possible for the active species in-
volved in the above cycloadditions, while another species C is omitted on the
basis of their different chemical properties.s)

sponds to a tautomer of imine 1.

A is a new species that corre-
9 B has been
proposed in the reaction of 1 with a silyl

triflate.t?’

able to know the actual species. We believe

R
PhCH=§-§H2 PhCH=N_§H2 So far no informations are avail-

A: R=H; B: R=TMS C

that the origin of high regioselectivity of
the above reactions, especially of the orienta-
tion of products, may be an important clue for the determination of the involved

intermediate.
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