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Abstract 
We present herein effective generation and cycloaddition of azomethine ylides and azomethine 
imines utilizing 1,4-metallatropic strategy in this.  Since the metallatropy are based on the strong 
affinity between silicon/tin and oxygen/sulfur, the method does not require any additives and 
bases for the generation of the dipoles, which can avoid limitations in the functional groups of 
starting materials and dipolarophiles in their cycloaddition.  Moreover, the present method could 
realize the efficient generation of less- or non-stabilized 1,3-dipoles. 
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1. Introduction 
 
Heterocyclic compounds1 possess a structure which contains two or more different kinds of 
atoms in the ring.  They are widely distributed in nature and play an important role for the 
maintenance of life.  For example, proline, histidine, and tryptophan are essential amino acids.  
The pyrimidine and purine bases are constituent units of DNA which is a genetic material.  The 
oxygen-transporting pigment hemoglobin and the photosynthesizing pigment chlorophyll are 
also heterocyclic.  A number of heterocyclic compounds in nature possess pharmacological 
activities and some of these have been used for the treatment of diseases.  Further, the most of 
the developed medicines are synthetic heterocycles.  On the other hand, heterocycles are also 
important as key compounds for the agricultural chemicals, dye stuffs, photographic sensitizers 
and developers, antioxidants, vulcanization accelerators, and copolymers.  Therefore, 
development of novel methods for the synthesis of heterocyclic compounds has been required. 
 1,3-Dipolar cycloaddition has been widely used for the synthesis of heterocyclic 
compounds because of its utility for creating two sets of bonds in a single operation and because 
stereoselectivity and regioselectivity are easily predictable.2  Among a number of 1,3-dipoles, 
azomethine ylides3 and azomethine imines4 are useful intermediates for the synthesis of various 
five-membered nitrogen-containing heterocycles.  They belong to the class of 1,3-dipoles of the 
allyl type5 with a cationic nitrogen atom and react with several dipolarophiles to give pyrrolidine 
or pyrazolidine derivatives, respectively. 
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 A number of researchers have developed practical and useful methods for the generation of 
azomethine ylides.  One involves the ring opening of aziridines,6 which works well when the 
aziridine has an electron-withdrawing substituent on the carbon atom. 
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 Another important method involves generation from α-silylimine derivatives.3  This 
enables the generation of less-stabilized azomethine ylides, which lack α-substituents to stabilize 
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the negatively charged carbon, by taking advantage of the fact that carbon-silicon bonds are 
easily cleaved by nucleophiles such as halide ion.  Thus, desilylation of α-silyliminium salts,7 
treatment of α-silylimine derivatives with an acyl halide,8 trimethylsilyl triflate9 or  
trifluoroacetic acid,10 and the water-induced desilylation of α-silylimine derivatives11 have been 
developed. 
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 On the other hand, N-unsubstituted azomethine ylides exist as tautomers of α-iminoester 
derivatives under thermal conditions.  Namely, the highly acidic hydrogen adjacent to the imine 
migrates to the nitrogen.  Thus generated azomethine ylides undergo 1,3-dipolar cycloaddition to 
give pyrrolidine derivatives.12 
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 Azomethine imines are much less studied than azomethine ylides.  One of the frequently 
employed methods for the generation of azomethine imines is a condensation of N,N’-
disubstituted hydrazines and aldehydes.13 
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 Hydrazones have been also used as azomethine imine precursors to achieve 
cycloadditions.14  The azomethine imines, generated by a formal 1,2-prototropic shift, undergo 
intermolecular cycloaddition with dipolarophiles to give pyrazolidine derivatives in low to 
moderate yields. 
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 Alkylation of dialkyl- or arylalkylnitrosamines with alkylating agents give 
alkoxydiazenium salts in excellent yield. The salts are treated with base to give azomethine 
imines, which react with acetylenic dipolarophiles to give pyrazole derivatives.15  The 
azomethine imines also react with heteroaromatics such as pyridine, quinoline, isoquinoline, or 
phenanthridine. 
 As noted above, several methods for the generation of azomethine ylides and azomethine 
imines have been developed.  However, in most cases, the substrates need special substituents 
and the reactions must be performed at high temperature or require multistep operations.  These 
limitations reduce the synthetic utility of the reactions.  From these reasons, we have created a 
potential strategy for generation of the 1,3-dipoles from N-silylmethylated imines and amides by 
the 1,2-16 and 1,4-migration17 of silyl groups.  Here, we will present effective generation and 
cycloaddition of azomethine ylides and azomethine imines utilizing 1,4-metallatropic strategy.  
Since the metallatropy are based on the strong affinity between silicon/tin and oxygen/sulfur, the 
method does not require any additives and bases for the generation of the dipoles, which can 
avoid limitations in the functional groups of starting materials and dipolarophiles in their 
cycloaddition.  Moreover, the present method could realize the efficient generation of less- or 
non-stabilized 1,3-dipoles. 
 
 
2. Generation of Pyridinium Ylides from N-(Silylmethyl)pyridone Analogs via 
1,4-Silatropy 
 
As mentioned in the introduction, we have already revealed thermal 1,4-silatropic generation of 
azomethine ylides from N-(silylmethyl)amides as shown in Scheme 1 and their cycloaddition 
with olefinic and acetylenic dipolarophiles leading to five-membered N-heterocycles.17  One of 
the characteristic advantages of our original procedure is that no additives or bases are required 
to generate azomethine ylides, which greatly expands the types of the starting materials and 
dipolarophiles applicable to the cycloaddition reactions.  However, at the moment, 1,4-silatropy 
proceeds with difficulty when R3 is hydrogen; i.e. the generated 1,3-dipolar intermediates need 
an ylide-stabilizing group such as Ph or Me3Si on the a-carbon. 
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Scheme 1. Generation of azomethine ylides via 1,4-silatropy 
 
 If the methodology could be applied to N-(silylmethyl)pyridone analogs, where 
aromatization up to the silicon shift would be expected to become the driving force (Scheme 2), 
pyridinium ylides having no stabilizing group on the methylide carbon might be generated and 
their cycloaddition would give highly fused heterocycles.  Although there are a number of 
reports of syntheses and reactions of pyridinium N-acylmethylides,18 only a few works have 
appeared on the chemistry of non-stabilized pyridinium N-methylides;  preparation by the 
deprotonation of N-methylpyridinium salts,19,20 the decarboxylation of pyridinium N-acetate6 or 
the desilylation of N-[(trimethylsilyl)methyl]pyridinium salt.21  From these points of view, we 
developed the novel generation of non-stabilized pyridinium ylides from N-
(silylmethyl)pyridone analogs via 1,4-silatropy and their cycloaddition, leading to multi-fused N-
heterocycles. 
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Scheme 2. Generation of non-stabilized azomethine ylides (pyridinium methylides) forced by 
aromatization through 1,4-silatropy 
 
 A solution of N-[(trimethylsilyl)methyl]pyridone (1a) and an equimolar amount of 
dimethyl acetylenedicarboxylate (DMAD) in toluene was refluxed for 30 h to give 
tetrahydroindolizinone derivative 2a in 30% yield along with indolizine 3a22 (5%) and cyclazine 
4a (8%). 
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 The cyclazine derivative 4a was obtained as the major product (38% yield) by increasing 
the amount of DMAD (8 equiv) used in the reaction.  These results are summarized in equation 
(1). 
 The formation of cycloadducts 2a, 3a and 4a can be explained as follows.  Initially, the 
rearrangement of the silyl group of 1a onto the oxygen via a five-membered ring transition state 
gives rise to non-stabilized pyridinium methylide 5a, where aromatization of the pyridone ring of 
1a by 1,4-silatropy would constitute the driving force for the reaction.  The ylide undergoes 1,3-
dipolar cycloaddition with DMAD to afford two types of regioisomers, followed by hydrolysis of 
6a and the elimination of silanol from 7a to yield 2a and 3a, respectively.  It has been previously 
shown that the cycloaddition of 3a with DMAD gives cyclazine 4a with the evolution of 
hydrogen.23 
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Scheme 3. Plausible reaction pathways 
 
 The present reaction was successfully applied to the synthesis of heterotricycles from N-
silylmethylated bicyclic amides as listed in Table 1. When N-(silylmethyl)isoquinoline 1b was 
treated with DMAD at 180 °C for 6 h, pyrroloquinoline derivative 3b was produced as the sole 
cycloadduct in 69% yield. Thus the cycloaddition was completely regioselective in clear contrast 
to that of pyridone 1a. The employment of isoquinoline 1c to which a phenyl substituent is 
attached to the silyl group permitted the reaction temperature to be lowered (80 °C) to give the 



Issue ICHC-20                                                                                                               ARKIVOC 2006 (vii) 370-389 

ISSN 1424-6376                                                               Page 376                                                                 ©ARKAT 

desired product efficiently. Although it took 48 h to complete the cycloaddition of N-
[(trimethylsilyl)methyl]phthalazone (1d) with DMAD at 200 °C, the introduction of phenyl 
group on the silicon, which is the migrating unit, reduced the reaction time by half at the same 
temperature. Quinolone and quinoxalone derivatives 1f and 1g were also converted into the 
corresponding heterocycles in high yields by reactions with DMAD. When an unsymmetrical 
dipolarophile, ethyl propiolate, was employed in the reaction of quinoxalone 1g, the 
cycloaddition proceeded regioselectively to give 8g in 59% yield. The present reaction was 
found to be applicable to olefinic dipolarophiles such as dimethyl fumarate and acrylonitrile, 
leading to unsaturated heterotricycles 9g and 10g in the cycloaddition with 1g. 
 
Table 1. Synthesis of heterocycles from N-silylmethylated bicyclic amides via 1,4-silatropy 

substrate dipolarophile (equiv) temp. (°C) time (h) product yield

N

O

R1

SiMe3
R1 = H   
R1 = Ph

1b
1c

DMAD (2.5) 180
80

6
14 N R1

MeO2C CO2Me

69%
89%

(3b)
(3c)

N
N

O SiR2Me2
R2 = Me  
R2 = Ph

1d
1e

DMAD (2) 200
200

48
24

N
N

MeO2C CO2Me

80%b

83%b
(3d)
(3d)

N O
1f DMAD (3) 180 6 N

CO2Me

84% (3f)

SiMe3

CO2Me

N

N O 1g DMAD (1.5) 140 12

N

N

CO2Me

82% (3g)

SiMe3

CO2Me

CO2Et 110 96

N

N 59% (8g)CO2Et

CO2Me

MeO2C
140 12

N

N 63% (9g)CO2Me

CO2Me

CN
180 6

N

N 64% (10g)CN

(1.5)

(1.5)

(2)

 
aReaction conditions: in benzene or d6-benzene, sealed in a glass tube. bDetermined by 1H-NMR. 
 
 As described above, the novel generation of non-stabilized pyridinium ylides from N-
(silylmethyl)pyridone analogs via 1,4-silatropy and their cycloaddition lead to fused N-
heterocycles.  In the present cycloaddition series, the aromatization of 6-membered heterocycles 
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would be predicted to be the driving force, not only for the generation of non-stabilized ylides 
but also the induction of 1,4-silatropy. 
 
3. Generation of Azomethine Ylides as Nitrile Ylide Equivalents from N-
(Stannylmethyl)thioamides via 1,4-Stannatropy 
 
The azomethine ylides generated by our method are regarded as nitrile ylide equivalents, because 
adducts of the corresponding nitrile ylides were obtained as the result of cycloaddition of the 
azomethine ylides followed by the elimination of silanol. 
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H
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a

A B.  
 

Scheme 4. Generation of azomethine ylides via 1,4-metallatropy 
 
 Stabilized azomethine ylides having aryl or electron-withdrawing groups at 1- or 3-
positions are generated under moderate reaction temperature.  However, when precursors of less- 
or non-stabilized azomethine ylides were employed, a high reaction temperature was required to 
generate the ylide intermediates.  While generation of stabilized azomethine ylides under mild 
conditions is comparatively easy, generation of less- and non-stabilized azomethine ylides is a 
significant challenge in this field.  Since it is well known that a sulfur atom stabilizes an adjacent 
ion and C=S bonds of thioamides are extensively polarized compared to C=O bonds of amides, 
α-metallothioamides would be expected to be better candidates for 1,4-sila- and/or stannatropy 
leading to less or non-stabilized azomethine ylides.  Moreover, a tin atom has stronger affinity 
for a sulfur atom than a silicon atom, suggesting that N-(stannylmethyl)thioamides might be 
better starting materials.24  In this section, the highly effective cycloaddition of azomethine 
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ylides generated by 1,4-stannatropy of N-(stannylmethyl)thioamides under neutral conditions is 
described.  Although a number of studies of 1,2-25 and 1,3-stannatropy26 have been reported, 
there is just one example of an anionic reaction via 1,4-stannatropy,27 and, hence, this type of 
migration under neutral condition is unprecedented to the best of our knowledge.28 
 The cycloaddition of azomethine ylides generated from α-metalloamides with dimethyl 
fumarate (12a) is shown in Table 2.  The reaction of N-(silylmethyl)amide 11a with the fumarate 
in benzene at 200 ºC for 30 h afforded cycloadduct 13a in very low yield.  In clear contrast to the 
silylmethylamide, the reaction of N-(silylmethyl)thioamide 11b proceeded much more smoothly 
to give the same product.  Surprisingly, the reaction of N-(stannylmethyl)thioamide 11c was 
complete within 3 h even at 60 ºC giving the cycloadduct 13a in high yield.  Thus N-
(stannylmethyl)thioamide 11c is the best precursor for the generation of the azomethine ylide.  
Since the reaction of amides 11 with alkenes and an alkyne gave the cooresponding pyrrolines 
and pyrrole, the azomethine ylides generated from amides 11 are nitrile ylide equivalents most of 
which are difficult to be generated by conventional methods.28c,29   
 
Table 2. Cycloaddition of azomethine ylides generated by 1,4-metallatropy 

R3M

N
H

Ph

X

PhH
in a sealed tube

N

MeO2C CO2Me

Ph

13a

CO2Me

MeO2C
+ R3MXH

11

12a

substrate MR3 X time (h)temp. (°C) yielda (%)

11a
11b
11c

SiMe3

SiMe3

SnBu3

O

S

S

30

30

3

200

200

60

4

74

80
a 1  

a Determined by 1H-NMR. 
 
 The reactions of N-stannylthioamide 11 with various dipolarophiles are shown in Table 3.  
The reaction with dimethyl maleate (12b) gave cycloadduct 13a which is the same product 
obtained in the reaction with dimethyl fumarate (12a) (entry 1).  The result can be explained by 
isomerization at the 3-position of the initial 3,4-cis adduct because of the high acidity of the 
hydrogen at the 3-position and the stability of the 3,4-trans structure.  When fumaronitrile (12c) 
was employed, 2-pyrroline derivative 14a was obtained probably because of smaller steric 
repulsion between the substituents at the 3- and 4-positions in cycloadduct 14a compared to 
cycloadduct 13a (entry 2).  The reaction with N-phenylmaleimide (12d), a cyclic dipolarophile, 
afforded cycloadduct 13b in high yield (entry 3).   
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Table 3. Cycloaddition of azomethine ylides generated from N-
(tributylstannylmethyl)thiobenzamides 11c,d 

Bu3Sn

N
R

Ph

S
dipolarophile 12

(3 eq)

PhH, 60 °C

11c : R = H
11d : R = Me

dipolarophile time (h) cycloadducta (%)

CO2MeMeO2C

N

MeO2C CO2Me

Ph
3

CN

NC

Ph
NO O

0.5

0.5

N
H

NC CN

Ph

Ph
NO O

N Ph

MeO2C CO2Me 40
N
H

MeO2C CO2Me

Ph

entry

51 (13a)

95 (14a)

90 (13b)

53 (15a)

1

2

3

4

40
N
Me

MeO2C CO2Me

Ph

6

110

N
Me

NC CN

Ph

15

64b (14b)

96 (14c)

81b (15b)

5

6

7

8
N
Me

MeO2C CO2Me

Ph

N
Me

CO2Me

Ph

43b (14d)

cycloadduct

12b

12c

12d

12e

12a

12c

12f

12e

CO2Me

thioamide

11c

11c

11c

11c

11d

11d

11d

11d

 
a Determined by 1H-NMR. b isolated yields. 
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In the case where dimethyl acetylenedicarboxylate (DMAD, 12e), an electron-deficient alkyne, 
was used, pyrrole derivative 15a was obtained (entry 4).  Analogously, the reactions of N-
methyl-N-(stannylmethyl)thioamide 11d with dipolarophiles, electron-deficient alkenes and an 
alkyne, gave the corresponding cycloadducts in good yields under very mild conditions (entries 
5-8).  Among these, it is noteworthy that cycloadduct 14d obtained from the reaction with 
methyl acrylate (12f), an unsymmetrical dipolarophile, was produced with complete 
regioselectivity. 
 Surprisingly, the cycloaddition of azomethine ylides having destabilizing substituents or 
no substituents could also be carried out (Table 4). 
 The introduction of an alkyl group to the 1- or 3-position of 1,3-dipoles causes extensive 
destabilization of the 1,3-dipoles.  However, when N-(stannylmethyl)thioisobutyramide 11e was 
employed in the reactions with dimethyl fumarate (12a) and fumaronitrile (12c), the 
corresponding cycloadducts 13c and 14e were readily obtained (entries 1 and 2).  The reactions 
of N-(stannylmethyl)thioformamide 11f and N-methyl-N-(stannylmethyl)thioformamide 11g 
with these dipolarophiles afforded 2,5-unsubstituted pyrrolines 13d, 14f, 14g, and 14h in good 
yields respectively (entries 3-6).  It is noteworthy that the azomethine ylide generated from 
thioamide 11f is an ultimately non-substituted nitrile ylide equivalent, and thus, it is a very useful 
reactive species for the synthesis of less-substituted N-containing 5-membered heterocycles.  
When DMAD was employed, the reaction proceeded at ambient temperature to give pyrrole 
derivative 15c in high yield (entry 7).  The 2,5-unsubstituted pyrrolines and pyrroles are known, 
for example, to be precursors of polypyrroles which are mainly useful for conducting polymers.  
 As mentioned in this section, we demonstrated an unprecedented method of effective 
generation of azomethine ylides on the basis of a new strategy using 1,4-stannatropy.  
Cycloaddition of the azomethine ylides, or nitrile ylide equivalents, proceeded under mild 
conditions to give pyrroline and pyrrole derivatives in good to excellent yields. 
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Table 4. Cycloaddition of azomethine ylides generated from N-
(tributylstannylmethyl)thiobenzamides 11e-g 

time (h) cycloadducta (%)

35
N

MeO2C CO2Me

6

8

1

entry

31 (13c)

1b

2b

3

6

N
H

NC CN

N

MeO2C CO2Me

N
H

NC CN

N
Me

MeO2C CO2Me

N
Me

NC CN

11e

11e

11f

11f

11g

11g

4

5

2

6

thioamide dipolarophile

12a

12c

12a

12c

12a

12c

80 (14e)

50 (3d)

74 (14f)

80 (14g)

80 (14h)

<0.17c

N
Me

MeO2C CO2Me

11g 12e

89 (15c)
a b

Bu3Sn

N
R

R'

S
dipolarophile 12

(3 eq)

PhH, 60 °C

11e : R = H, R' = iPr

cycloadduct

11f  : R = H, R' = H
11g : R = Me, R' = H

 
aIsolated yields. b Reaction temperature: 100 °C. c Reaction temperature: 20 °C. 
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3. Generation of Azomethine Imines from α-Silylnitrosamines via 1,4-
Silatropy and Their Cycloaddition 
 
Azomethine imines30 are important intermediates for the synthesis of various pyrazole, 
pyrazoline, and pyrazolidine derivatives.  In spite of their significance, there are few established 
methods for the generation.  As mentioned in the introductory part, the typical procedures 
reported so far are a thermal 1,2-hydrogen shift of hydrazone derivatives31 and a condensation of 
aldehydes with N,N’-disubstituted hydrazines.32  Alternatively, treatment of N-nitrosamine 
derivatives with alkylating agents or organometallic reagents followed by deprotonation of the 
hydrogen on the α-carbon also gives azomethine imines.  However, in most cases, the generation 
and subsequent cycloaddition of the azomethine imines must be performed under reflux in high-
boiling solvents with long reaction times or they require multistep operations.  Therefore, it 
appeared to the author that there exists the need for development of a novel method which can be 
performed under mild conditions. 
 The efficient generation of azomethine ylides from N-(silylmethyl)imines16 or N-
(silylmethyl)amides17 via an intramolecular silatropic shift, whose methodologies have been 
developed by our group, is based on the strong affinity between silicon and oxygen or nitrogen.  
In connection with this, N-nitrosamines are close analogues of tertiary amides and a lone pair of 
electrons on the amino nitrogen is delocalized into the π-electron system of the N=O bond to a 
greater extent than in the case of amides.34  Thus, dipole moments of N-nitrosamines are 
significantly larger than those of tertiary amides, and, as a result, should indicate a larger affinity 
of the nitroso oxygen atom towards a silicon atom.34  With these facts in mind, it may be 
expected that α-silylnitrosamines could be excellent precursors of azomethine imines (Scheme 5). 
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Scheme 5. Comparison of resonance structures of α-silylamides 
 
 For example, N-methyl-N-nitroso-α-(trimethylsilyl)benzylamine (16a) was treated with 1 
equiv of dimethyl acetylenedicarboxylate (DMAD) in refluxing toluene for 1 h to give 3,4-
dimethoxycarbonyl-1-methyl-5-phenylpyrazole (17) in 83% yield (eq 2).  The product was 
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isolated by silica gel chromatography and the structure was determined by spectral analysis.  The 
role of the silyl group is very important, as evidenced by the fact that N-methyl-N-
nitrosobenzylamine (18), which lacks a silyl group, did not give any cycloadduct with DMAD in 
refluxing toluene for 10 h (eq 3). 
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Me
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(DMAD)

DMAD

 
 
 Scheme 6 shows a plausible mechanism which accounts for the formation of the 
azomethine imine A and the subsequent cycloaddition.  A thermal 1,4-shift of the silyl group 
onto the oxygen of nitroso group gives the azomethine imine intermediate (A) which undergoes 
1,3-dipolar cycloaddition with DMAD to give the 5-membered ring adduct (B).  Elimination of a 
silanol from B affords the aromatized product, pyrazole 17. 
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Scheme 6. Generation of an azomethine imine by 1,4-silatropy and its cycloaddition 
 
 To assess the reaction efficiency, we examined the effect of temperature on the reaction of 
16a with DMAD (Table 5).  The reaction was rather sluggish at room temperature and 17 was 
obtained in 30% yield after 7 d, with ca. 50% of the starting 16a remaining (entry 1).  The 
reaction was accelerated by heating and was essentially complete after 12 h at 50 °C or 1 h at 
80 °C (entries 2 and 3).  Furthermore, it is noteworthy that at 110 °C, the reaction was complete 
within 5 min, giving a quantitative yield of 17 (entry 4).  To gain additional insights into the 
reaction mechanism, the rates of formation of 17 at 80 °C under several concentrations of 
substrates were compared.  For all concentrations, the reaction rates were nearly the same, 
indicating that the formation of the azomethine imine involves an intramolecular silatropic shift 
and is the rate-limiting step. 
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Table 5. Effect of temperature on the reaction of 16a with DMADa 

entry temp. (°C) time (h) yield of 17 (%)b

1 25 168 30
2 50 12 82
3 80 1 98
4 110 0.05 100

 
aReactions were carried out under N2 with 16a (0.05 mmol), DMAD (0.05 mmol) in C6D6 in a 
sealed NMR tube. b determined by 1H-NMR analysis. 
 
 In Table 6 are listed the results of the cycloadditions of α-silylnitrosamines (16a–e) with 
several dipolarophiles.  When 16a was reacted with a monosubstituted dipolarophile such   as 
ethyl propiolate, a mixture of 3- and 4-substituted pyrazoles was obtained in good yield (entry 1).  
These pyrazoles were readily separable by silica gel chromatography and the ratio of 3- and 4-
substituted pyrazoles was found to be 85 : 15.  Both substrates bearing electron-donating (4-
methoxy, 16b) and electron-withdrawing (4-fluoro, 16c) substituents at the phenyl group reacted 
smoothly with DMAD to afford the desired pyrazoles in excellent yields (entries 2 and 3).  Thus, 
it appears likely that the substituents at the 4-position of the phenyl group had no effect on the 
high reactivity of the α-silylnitrosamines.  3-Thienyl substituted substrate 16d also reacted with 
DMAD under the same conditions to give nearly quantitative yield of pyrazole 23 (entry 4).  We 
next examined whether or not the less-stabilized azomethine imines, which possess no ylide-
stabilizing substituents on the carbon, can be generated.  Thus 16e was treated with 1 equiv of 
DMAD in refluxing toluene for 1 h to give pyrazole 24 in 84% yield, suggesting that this 
reaction proceeds via a less-stabilized azomethine imine intermediate (entry 5).  
 The results of extensive experiments with other dipolarophiles are also summarized 
(entries 6–9).  The reaction with ethyl propiolate gave regioselectively one product, the 3-
substituted pyrazole 25 (entry 6).  However, with an unsymmetrically disubstituted dipolarophile 
such as methyl phenylpropiolate, a mixture of 26 and 27 was obtained with no selectivity (entry 
7).  The reaction with phenylacetylene also proceeded to give only the 3-substituted pyrazole 28 
albeit in a low yield  (entry 8).  Diphenylacetylene showed no reactivity toward 16e (entry 9).  
The observed order of reactivity of these acetylenes is in good agreement with those of the 
cycloadditions of well-known 1,3-dipoles with dipolarophiles.35 
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Table 6. Cycloaddition reactions of α-silylnitrosamines with dipolarophilesa 

MeO2C CO2Me

CO2Et
N
Me

NPh

CO2Et

N
Me

NPh

EtO2C

N NO
Me3Si

Me
N
Me

N

MeO2C CO2Me

MeO MeO

N NO
Me3Si

Me
N
Me

N

MeO2C CO2Me

F F

N NO
Me3Si

Me
N
Me

N

MeO2C CO2Me

S S

Me3Si N NO

Me
N
Me

N

MeO2C CO2Me

CO2Et
N
Me

N

CO2Et

CO2Me
N
Me

N

CO2Me

Ph

Ph

N
Me

N

PhMeO2C

Ph
N
Me

N

Ph

PhPh

entry substrate dipolarophile product yieldb

16a1

19 20

72%
(85 : 15)

2 96%

16b 21

3 88%

16c 22

4 98%

16d 23

5 84%

16e 24

6 83%16e

25

7 70%16e

2726
(57 : 43)

8 11%16e

28

9 0%16e No reaction

(DMAD)

DMAD

DMAD

DMAD

 
aAll reactions were carried out in refluxing toluene for 1 h with 1 equiv. of the dipolarophile. 
bIsolated yields. 
 
 All the reactions described above gave N-substituted pyrazole derivatives, since the readily 
available substrates 16 are secondary nitrosamines.  For the synthesis of N-unsubstituted 
pyrazole derivatives, α-silylnitrosoamide was chosen as a precursor of the 1,3-dipole.  A similar 
1,4-silatropic shift would generate N-acylazomethine imines which react with dipolarophiles to 
afford N-acylpyrazole derivatives, whose acyl group is expected to be a potent leaving group as, 
for example, acyl pyrazoles are readily hydrolyzed to N-unsubstituted pyrazoles.36  Indeed, this 
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strategy was so successful that N-unsubstituted pyrazole derivatives were obtained without any 
treatment after cycloaddition.  For example, α-silylnitrosoamide 29 was reacted with 1 equiv of 
DMAD in toluene at 80 °C for 1 h to give N-unsubstituted pyrazole 30 in 96% yield (eq 4). 
 

Me3Si N
NO

PhO

+
toluene

N
H

N

MeO2C CO2Me

80 °C, 1 h
29 3096%

(4)DMAD

 
 
 
Conclusions 
 
The present studies are concerned with the novel methods for generation of azomethine ylides 
and azomethine imines.  This series of works provide novel methodologies for the synthesis of a 
variety of five-membered nitrogen-containing heterocycles including heteropolycycles, which 
are useful as frameworks or side-chains of drugs, agricultural chemicals, functional materials, 
and so on.  The methodologies for generation of the 1,3-dipoles are based on the strong affinity 
of silicon/tin and oxygen/sulfur atoms.  One of the useful features of the methods is that the 
dipoles can be generated under completely neutral conditions in the absence of additives.  
Moreover, less- or non-stabilized dipoles, which are very difficult to generate, are successfully 
created by the strategy providing the general procedure for synthesis of a variety of heterocycles. 
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