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Summary: Azomethine ylides, prepared from imidazolinium salts, undergo 1,3dipolar cycloaddition with 
a variety of dipolamphiles to produce hexahydropyrrolo[ 1,2-u]imidazoles, which are reduced to pyrrolidines; 
with 2-chlomacrylonitrile as dipolatophile, pyrroles can be prepared from the cycloadducts by elimination. 

The use of azomethine ylides (1) as 13dipoles in cycloaddition reactions has received much attention 

recently as a route to new five-membered nitrogen-containing rings1 To date, however, there have been only 

liited reports of the use of amidines as a source of azomethine ylides.2 As an extension to our studies on the 

annulation of imidaxolines (4,5dihydroimidazoles),3 we now report the prepamtion and stereoselective cyclo- 

addition reactions of the imidazolinium azomethine ylides (2) to produce novel hexahydropyrrolo[ 1,2-a]- 

imidazoles (3), and, by subsequent reduction or elimination, pyrrolidines and pyrroles. The fused imidazoles 

(3) are of interest (i) as analogues of naturally occurring pyrmlizidines, e.g. retronecine (4), the heterccyclic 

subunit of many of the toxic pyrrolizidine alkaloidsP and (ii) because pyrrolo[ 1,2-u]imidazoles have been 

reported to have anti-inflammatory properties.5 
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We fast investigated stabilised azomethine ylides, that is those carrying an electron-withdrawing group 

attached to the formally negatively charged end of the dipole. The substrate was 1-be@-2-imidamliie (5)p 

which was first quatemised by reaction (THF, u)‘C) with the a-haloesters methyl, ethyl, and t-butyl bromo- 

acetate, and ethyl 2bromopropionate, as well as with 2bromoacetophenone, bmmoacetonitrile, and Cnitro- 

benzyl bromide to produce the salts (6a-g) (Scheme 1); the salts were isolated as hygroscopic solids or semi- 

solids in high yield by simple filtration or evaporation, and used directly. Attempts to use diethyl bromo- 

malonate led merely to the hydrobromide salt of (5). 

After investigating a range of bases and solvents for the generation of ylides from the ester salts (6a-d). 

two protccols were evolved for ylide formation and cycloaddition: (A) dropwise addition of diazabicyclo- 

[5.4.Olundec-7-ene (DBU) to a slurry of freshly prepared quaternary salt (6) in excess dipolarophile; and (B) 

very slow (over s 4 h) addition of DBU to a solution of quaternary salt (6) and dipolarophile in THF at reflux. 

By these methods and using methyl methactylate as dipolarophile, the pyrroloimidaxole cycloadducts (7a-c)7 
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were prepared regiospecitkally (Scheme 1); use of methacryloninile as dipolarophile afforded the bicyclic 

products (8a-d)7 as shown. Similarly, the salt (6.~) led to bicycles (7d) and (8e)7 using methyl methacrylate 

and methacrylonitrile. respectively. Method B was generally found to be mom efficienu no cycloadducts could 

be isolated ftom reactions with salts (6f) and (6g). a-Methylstyrene was examined as adipolarophile but failed 

to produce any cycloadducts, indicating that these azomethine ylides require electron-deficient dipolamphiles 

as cycloaddition partner~.~ The observed regiochemistry is as expected.lbJte9 

When the pyrroloimidazolcs (7) and (8) were analysed by ‘H n.m.r. spectroscopy directly after chromato- 

graphy over silica with an EtOAc: hexane eluent., they were seen to consist of a single diastemoisomer. On 

storage, or if the chromatography was performed with a basic eluent (CH&Q EtOH: NH3 aq. or EtOAc: 

EtsN), then varying amounts of a second stereoisomer were encountered. The new isomer has been assigned 

as an epimer at C-7a of the primary cycloadduct (see also below). The relative stereochemistry of the primary 

products is proposed as (9) based on n.0.e. measurements in the lH n.m.r. spectra.‘* For example, in the 

diester (7a=9a) irradiation of the C-7(Me) signal at 6 1.40 led to an enhancement of 2.5% of the bridgehead 

proton signal C-7a(H) with no change in the methine signal C-5(H); similarly for (8c=9b), itradiation of C- 

7(Me) at 6 1.375 gave an enhancement of 2.1% at C-7a(H) 6 3.875, whilst irradiation of the double doublet 
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for C-S(H) at 6 3.675 gave no change in either the C-7a(H) or C-7(Me) signals. Other signals were consistent 

with thii assignment, and the same behaviour was seen for ketone adducts (7&9c) and (8ep9d). 

The above cycloadditions could be extended to unstabilii imidaxolinium azomethiie ylides pmpared by 

the protodesilylation strategy of Vedejs? 1 Thus the imidaxoline (5) was converted to the salt (10) (Scheme 1) 

(CB3SO$X-L$ilv+, E%O. 2OC) which was added directly in diglyme to a slurry of excess CsF and a 

dipolarophile in diglyme. With methyl methacrylate and methacrylonitrile the pyrrol~les (1 la) and 

(lib)’ were prepared (Scheme 1) as 1:l and 2:l mixtures of diastemoisomers, respectively (using basic 

eluents for their chromatography). 
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(9) a;X=R=CO$& 

b; X= CO&‘, R= CN 

c; X= COPh, RP C02Me 

d; X= COPh, R= CN 

(13) a;X=CQEt 73% 
b;X=CO$kt 59% 

c;X=COPh 50% 

Attempts to utilise alkynes as cycloaddition partners for the axomethine ylides were unsuccessful, with 

alkyne polymerisation intervening under the basic reaction conditions. On the other hand, using 2-chloro- 

acrylonitrile as an alternative dipolarophile at the same oxidation level, pyrroloimidaxoles (12a-d) could be 

prepared by method B (Scheme 1); in these cases the adducts were formed as 1: 1 mixtures of diastereo- 

isomers, epimeric at C-7 (see below). Treatment of (12) with base (DBU, DMF, 1OOC) resulted in a double 

elimination, presumably via initial loss of HCl to form the elusive alkyne cycloadducts. to afford the novel N- 

substituted pyrroles (13a-c).7.12 

All of the dipolarophiles used to this point are substituted a- to the activating group. When cycloaddition 

partners lacking an a-substituent are employed, a ring-opening elimination is observed in equilibrium with the 

bicyclic adducts after chromatography. Thus salt (6b) with methyl acrylate and DBU gave a mixture (58%) of 

(14a) and the dihydropytrole (15a) (Scheme 2); this mixture, for example, showed bands in the i.r. spectrum 
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(6) b; X= CQEt, Y= Br 

(10) X= Me& Y= CF3m 
c; X= H, R= COMe 

Scheme 2 

at 1730 (GO, unconjugated ester), 1680 (GO, conjugated ester), and 1600 cm-l (C=C), and had m/z 322 

(iW+). Likewise the salt (10) with methyl acrylate (CsF, diglyme) gave a mixture (43%) of (14b) and (15b) 

[vmax. 1735,1675, and 1599 cm-t; mlz 260 (W)] and with but-3-en-2-one a mixture (73%) of (14c) and 

(15c) (v&n&u .1710,1670, and 1570 cm-‘). This elimination is related to observations we have reported in the 
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six-membered series.3%13 and to that observed with the 2chloroacrylonitrile adducts (see above). 

It is possible to envisage the above equilibrium being established under basic conditions (self-catalysed, or 

during chromatography eluting with EtOAc: Et3N or CHCl3: PrkI$ or under acidic conditions via a 

protonation at N-l. This latter suggested a further modification of the cycloadducts (7), (8), (1 l), (12). and 

(14/M). Thus reduction under acidic conditions (NaRH$N, H+) converted the appropriate pyrmloimidazoles 

into the substituted pyrrolidines (16a-e)’ in high yields as single stereoisomers. These stereochemical results 

are consistent with the second stereoisomer that appears in the bicyclic materials (7) and (8) on standing being 

the C-7a epimer. Reduction of (12c) afforded (160,’ with an unchanged 1: 1 diastereoisomer ratio, confirming 

that the isomers of (12) am epimeric at C-7 rather than C-7a (see above). 
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(16) a; X= CQEt, R= H, R’= CO&le, R2= Me 88% 
R’ b; X= CQEt, R= H, R’= CN, R2= Me 99% 

N c; X= CO@, R- H, R’= CN, R2= Me 88% I 

A Me 
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d; X= C&Et, R= Me, R’= CN, R2= Me 71% 

X R e; X= H, R= H, R’= CO&le, $= Me 8% 
3” 

1; X= CO&, R= H, R’= CN, tip Cl 88% 

g;X=R’=C2+W,R=H,R=Me 
(&=CH#i 87% 

b;X=H 98% 

Reduction need not necessarily lead to ring opening. Treatment of (7~) with LiAlH4 in E%O gave the 

bicyclic diol(17a) and similar treatment of (1 la) gave (17b)’ (still as a 1: 1 diastereoisomer mixture). Hydrog- 

enation of (17a) (1 atm., Pd/C) led to the pyrrolidine diol (lag) (70%). 

We have thus defined conditions for the preparation of azomethine ylides from 2-imidazolines, for their 

use in annulation to pyrroloimidazoles, and for further conversions to pyrrolidines and pyrroles. We thank ICI 

Pharmaceuticals and SERC for a CASE studentship (to J.R.N.). 
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