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Stable configuration of ester-stabilized azomethine ylides is
found to depend upon the substituent on the ylide nitrogen. Thus,
N-substituted azomethine ylides derived from N-substituted 2-amino-
acetates and carbonyl compounds undergo cycloaddition with olefinic
dipolarophiles predominantly in anti forms, while N-protonated (or
N-unsubstituted) azomethine ylides generated from 2-iminoacetates

exclusively in syn forms.

Although 1,3-dipolar cycloaddition reaction utilizing azomethine ylide is now

i)

of current interest as a powerful tool in natural product synthesis, stereochem-
ical aspects of this reaction are left unsolved. Only quite recently, systematic
cycloadditions of heteroaromatic N-ylides with olefinic dipolarophiles have been
investigated, showing that anti forms of the ylides are stabilized by carbonyl sub-

2)

chain azomethine ylides is to be concerned in its cycloaddition. The present com-

stituents. However, it is so far quite difficult to predict which form of open-
munication refers to a factor by which the stable configuration of open-chain azo-
methine ylides bearing a carbonyl substituent is determined.

Reaction of ethyl N-methylglycinate 1 or methyl N-phenylglycinate 2 with benz-

3 which was captured

aldehyde under reflux in toluene generated azomethine ylide A,
by N-(p-tolyl)maleimide to give a mixture of endo and exo cycloadducts to the anti
form of ylide A, 3+3' or 4+4' (Table 1).%3)

yield formation of endo cycloadduct 8 to the syn form of A was accompanied. Use of

Only in the former reaction, a low

aliphatic aldehydes under similar conditions led to competitive generation of alkyl-
substituted A (R" =alkyl), alkenyl-substituted azomethine ylide B (R"=H), and/or
dienamines C (R"=H or Me). They underwent 1,3-dipolar cycloaddition or Diels-Alder
reaction with N-(p-tolyl)maleimide to give cycloadducts 5-7, 5'-7', and 9-10.

Thus, ester-stabilized azomethine ylides A and B bearing an N-substituent have
been involved in the cycloadditions with N-(p-tolyl)maleimide predominantly in anti
forms. The endo-exo ratio is independent upon the substituent R" on the ylide car-
bon; it is dependent upon the substituent R on the nitrogen. Presumably this low
endo selectivity has resulted from the steric repulsion between R and the maleimide
plane on an endo approach of the ylide A or B to the maleimide. Such steric repul-
sion was reduced when acyclic olefinic dipolarophiles were employed as dipolar-
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Table 1. Cycloaddition of Ester-stabilized Azomethine Ylides Bearing an N-

Substituent with Cyclic Olefinic Dipolarophilea)
R
RNHCH,COOR' + R"CHO —# R"CH=N-CHCOOR' R ,'3
+ = A R"u.N\aCOOR' R" 2 COOR!'
1: R=Me, R'=Et [ o
= and
2: R=Ph, R'=Me N-(p-tolyl) maleimide N N
Ar Ar
Ar: p-tolyl
" pioly 3-7 (anti-endo) 3'-7' (anti-exo)
Amine Aldehyde Time/h R  R' R" Product Yield/%P) Isomer ratio
endo:exo
1 PhCHO 24 Me Et Ph 3+3" 84¢) 75:25
2 PhCHO 24 Ph Me Ph 4+4' 77 45:55
1 EtCHO 24 Me Et Et 5+5' 484) 77:23
2 EtCHO 24 Ph Me Et 6+6"' 64 47:53
1 MeCHO 1 Me Et MeCH=CH (t) T+7! 76¢) 76:24

a) All reactions were carried out under reflux in toluene. The water formed was
removed by the aid of Dean-Stark trap. b) Isolated yield. cve) Accompanied by
c) syn-endo cycloadduct 8 (7%), d) Diels-Alder adduct 9 (18%), and e) Diels-
Alder adduct 10 (11%).

Me m M hllle
Ph. NNCOOEL R™ R™ 7€ RM
+ —a R"=\ /~NCH;COOEt
R NAr WN\?HCOOEt = -
OZN\N 0
Ar 9: R"=Me B c
8 (syn-endo) 10: R"=H

ophiles. For examples, cycloadditions of ylide A (R" =Ph) with acyclic olefins
such as methyl acrylate, trans-f-nitrostyrene, and dimethyl maleate were found to
be exclusively stereospecific with respect to both the ylide (anti) and the olefins
(cis or trans), stereoselective (endo), and regioselective (Table 2).

Condensation of methyl glycinate 16 with carbonyl compounds leads to methyl

iminoacetates, which undergo thermal tautomerization into N-protonated azomethine

Table 2. Cycloaddition of Ester-stabilized Azomethine Ylides Bearing an N-

Substituent with Acyclic Olefinic Dipolarophilesa)

R
Phua. COOR!
lor2 + PhCHO + R"CH=CHW  ————= \
W R" 11-15 (anti-endo)

Amine Olefin Time/h Product R R' R" v Yield/%b)
1 CHo=CHCOOMe 1 11 Me Et H COOMe 73
2 CHo=CHCOOMe 24 12 Ph Me H COOMe 31
1 PhCH=CHNO3 (t) 1 13 (3,4-trans) Me Et Ph  NOg 72
2°)  PhCH=CHNOg (t) 24 14 (3,4-trans) Ph Me Ph  NOg 39
1 MeOOCCH=CHCOOMe (c) 1 15 (3,4-cis) Me Et COOMe COOMe 62

a) All reactions were carried out under reflux in toluene (Dean-Stark trap).
b) Isolated yield. c¢) In the presence of diisopropylethylamine (1.5 equiv.).



Chemistry Letters, 1986

1273

Table 3. Cycloaddition of Ester-stabilized Azomethine Ylides Bearing no N-
Substituent with Cyclic Olefinic Dipolarophile
H
Ra, N W
R w
NH,CH,COOMe + RCOR' + N-methylmaleimide —_—
16 N
- Me  17-21
Carbonyl Reaction conditions Producta) R R' w w' Yleld/%b)
compound
PhCHOC) toluene, ref, 24 h 17 Ph H COOMe H 100
PhCHO®)  MeCN, AcOH (10 mol%), 17+189) 18: PpPh H H COOMe 100
rt, 13 h
PhCOCHO CHClz, ref, 16 h 19 PhCO H  COOMe H 100
i-PrCHO toluene, ref, 20 h 20 i-Pr H COOMe H 58
(CHy)5C0%) toluene, ref, 19 h 21 (CHy); COOMe H 85
a) 17, 19, and 20: syn-endo; 18: anti-endo. b) Isolated yield. c¢) The corre-

sponding imines were isolated and used for cycloadditions.

NMR).

ylides.

d) 17:18=1:2 (lu-

6) These ylides were trapped by N-methylmaleimide to give single stereo-

isomers 17 and 19-21, but the reaction of methyl N-benzylideneaminoacetate in the
presence of a catalytic amount of acetic acid afforded a mixture of two stereoiso-

meric cycloadducts 17 + 18 (Table 3).7

to the syn form of the corresponding N-protonated azomethine
8

endo cycloadducts

ylides, and 18 as endo cycloadduct to the anti form of the ylide.
cycloadditions of ester-stabilized azomethine ylides, anti form D

Thus, in the

of the ylides has

)

been involved if the ylide nitrogen is substituted

form F has predominantly participated if the ylide nitrogen bears no
Although three forms D, D', and E of N-substituted azomethine ylides

ed to have comparable stability from a stereochemical point of view,

is most highly stabilized by 1,5-dipole interaction.

2)  0On the other

F of N-unsubstituted azomethine ylides is more stable than the other
since F is sterically most favored and stabilized by hydrogen bonding between the

ester and NH moieties.

H

R R
R" .& H H &f COOR' R"
Ho R’ R" H
D (anti) D' (anti)
H---0 H
R r!I:TJL R & H
7 Ny OMe R
:SA H 15:6;1;3Me
F (syn) G (anti)

In the presence of acid catalyst,

R

N COOR!
T

E (syn)

H .-uo

\rf@;ru\OMe

R H
G' (anti)

RII

) The products 17 and 19-20 were assigned as

whereas syn
substituent.
are anticipat-
anti ylide D
hand,
two (G and G')

syn form

stabilization by the hy-

1 o
R OOC\,_._..;%\ repulsion
: R
endo interaction € 7
SAr
RXR.
MeoOC/ VH
endo interaction ‘¢
N‘M
e
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drogen bonding is reduced and the anti form G gets a chance to participate in the

cycloaddition.
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