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Summary: r-ETxcessive heterocycles react rapidly with bis(dialkylamino)n&hanes (aminals) and 
alkoxydialkylaminanethanes (amino1 ethers) in acetonitrile to afford Mannich bases in good 
yields when activated by means of an acidic reagent such as aoetyl chloride or sulphur 
dioxide: the principal canpouM studied was g-methylpyrrole. 

It has been recognised for many years' that Mannich reactions may proceed via a number of 

mschanistic pathways. It has been suggested that the precise r#xhanism may depend on the 

nucleophilicityof the substrate andm3reparticularlyon the pHofthereacticmmedium. The 

axcensus view is ~tN,N~~~~yl~~~ salts are the electrophiles under acidic -- 
conditions while aminals may be involved at pH's ?7 and amino1 ethers have been suggested as 

possible intermediates in alcoholic media. It is !xcuGng clear that a failure to isolate a 

Kzuxxich base fran an atten@& reactionmay be as a result of thereagentbeingoftcolowan 

electrophilicity. Thus, N_methylpyrrole is reported not to react with formaldehyde and amines 

when the pyrrole derivative is added to a mixture of the aldehyde anl amine at IO0 and the 

mixture is then allowed to warm to rocxn temperature.2 On the other hand the addition of a 

mixture of the aldehyde and amine hydrochloride to ~methylpyrrole results in the rapid 

formation of a Mannich base.3 Similarly, although 2-methylfuran gave a Mannich base using the 

classical procedure, furan did not.4 

Our interest in Mannich reactions5 carried out in aprotic solvents prcxnpted a study of '%ne- 

poC' reactions of aminals and amino1 ethers with nucleophilic aranatic oanpounds in the 

presence of non-protic acids. The generation of imonium salts using the reaction of acetyl 

chloride with an amina16 or trifluoroacetic anhydride with trimsthylamine-N-oxide7 suggested 

the use of acid chlorides or anhydrides. We new report our preliminary findings using acetyl 

chloride and sulphur dioxide. We have concentrated on &msthylpyrrole because the classical 

reaction only succeeds when using strongly acidic conditions. 
3 &Wethylpyrrole does not afford 

a Mann&ah base with bis-(dimethylamino)methane in acetonitrile at nxxn temperature. Cur 

initial stties ware carried out using ~-msthylpyrrole and aminals in acetonitrife to which 

acetyl chloride was then added at ca. 5'. Ther~ctionmixturesw+xeallowedtowarmtorocm 

temperatuma and., after a suitable interval, the reactionmixtures wereworkedupandgavethe 

yields m in TAI!IE 1. 
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Although satisfactory yields of Z~ialkylamiMmethyl-1-methylpyrroles (1) were obtained using 

dipiperidylmethane and dimrpholinylmethane (!l?BB 1, entries 2 and 3) we were surprised that 

the yield of the prcduct obtained using bis-(dimethylamino)methane was only 18%. Very poor 

yields were also obtained in reactions in which acetyl chloride was added to &aethylpyrrole 

and amino1 ethers (TAEEE 1, entries 4 and 5). We observed a similar variation in yields of 

the 2,5-disubstitution products (2) when the same aminals and acetyl chloride (two equivalents 

of each) were allowed to interact with E-siethylpyrrole at ram teqxxature (TAELE 1, entries 

6, 8, and 9). We were surprised that no disubstitution product could be isolated frun the 

reaction of &-msthylpyrrole with bis-(din&hylamino)methane 2 n-o1 and acetyl chloride 2 mol 

(= 1, entry 6). An unsatisfacory yield of 2,5-bis(dimethy1 anxina~thyl)-1-methylpyrrole 

was obtained even when the reaction was conducted at -20° ('lXBT.E 1, entry 7). 

The most likely explanation for the failure of the latter attempted reaction is that the 

rmnosubstitution product reacts further with acetyl chloride to generate an acyl amTlonium salt 

which fragments to ~,N_aimethylacetamide and a benzylic-type cation, which then captures a 

second nkolecule of N_methylpymole and affords $$-dimethyl-2,2'-dipyrrylmethane (3). An 

experiment was carried out in which acetyl chloride was added to a solution of 2-~,&Xn~thyl- 

aminanethyl-N'-methylpyrrole in the presence of an excess of I$aethylpymole from which we - 

isolated the dipyrrylmethane (3j8 in 75% yield [t?d-en~]. 

(u 
Me, - 

(3 U3pCl; (ii) - asoesy”2; ( iij.1 _KMethylpyrrple; (iv) - HI1 

Because of the relatively pcor yields obtained in reactions carried out using acetyl chloride 

we have begun an investigation of alternative non-protic acidic reagents. We decided to 

investigate the use of sulphur dioxide because it is a relatively mild reagent amd in addition 

the expect& by-produ&s would be relatively waak acids. 
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TaBLEt 

Reacticxxs of N~~yl~ole~~ aminalsandamino~ethers 

tcgether with acetyl chloride 

Reasent Acid Time FrcxSzt (1 or Z)+Yield (%) 

(~2N)2~/1~1 IWXCl/lrml 2h 2-Me2NcH2- 18 

[ (C32)5N12(JH2/- t4Hxcl/1ml 2h 2-W.&N~- 41 

[O(CH2cF12,2N12CH2,1ml &x?JCl/lml 2h 2-wH2cH@x2- 54 

(~)~~2~/1~1 BaaXlllml 6h 2-KX&NQIz- 9 

0(~~)2~2~/~~1 HaCGClflrml 6h 2~(~2~2)2N~2- 18 

(Me2N)2~2/2mol &&axl/til Says 2,5-d&(Mz2NCE2)- 0 

w2N)2cH2/2mol MtSXl/?liDl 6dSys* 2,5-d&(Me$CH2)- 20 

[(CH2)5N12cH2/2mol max!1/2mol 6daYs 2,5-di-(CH2)5NCH2- 82 

[O(CH2CH2)2N12~2/2nml -/2mol Ways 2,5-di-0(~2~2)2K'H2- 87 

* 
Reagents mixed at -30° and kept at -2OOfor 6 days. 

iA.llnew ~reportedinfhisletter~~beenfully~a~~isedby spectroscopic 

m&.haS andeletxntalanalysis oraccuratemassmeasuremmtof then&zcularian. 

whenwedeterminedthe13 C! rmr s-of bis-(dim&hylamino)m&hane in amixtureof sulphur 

dioxide and CD3cNwe observedno change in the spectrum overaperiodofabout24h. However, 

cm -ition of 1 ml equivalent of g-mthylpyrrole the zqxctmm shcwed after about lh that 

additional signals were present that could be assigned to 2-~,N_d~~ylaminanethyl-l-methyl- 

pyrmle and ~,+Xmethylaminosulphinate. when reactions were carried out on a preparative 

scale in the presence of an excess of sulphur dioxide we were able to isolate useful yields of 

mm-substituted derivatives from F+&hylpyrrole and frcm a number of other heterocycles, 

including 2-iwthylfuran (41, indole (5), and P+&hylindole (6) f !IWLE 2 I. 

We failed to obtain a Mmnich base fm an attempted reaction bstwxm furan and ethoxy- 

pyrrolidinylmathme in the presence of sulphur dioxide. We did, ?~~~ver, isolate di- 

WrrolidFny~~fromthislatterreactionandcondLudethat~e int tmediate, of type (81, 

foxxlEdbetweenthe amimletherand sulphurdioxide, although not electro@ilic enough to 

reactwithfuran,does fragmenttoafforddi~lidinylmethane. 
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Reactions of heterocvcles with amimlsandanaminolether 

Heterccycle 

1. E-Me-pyrrole 

2. g-Me-pyrrole 

3. g-&-pyrrole 

4. N_Me-pyrrole 

5. E-Me-pyt-role 

6. indole 

7. y-Me-insole 

8. 2-Me-furan 

9. 2-Ma-furan 

in thepresenceof sulphurdioxide 

Reagent Time Prcduct(s) Yield (%) 

(Me2N12CH2 2h 2-(Me2N)CH2- 40 

(Ms2N)2CH2 4daYs 2-'Ma2N'CH2- 58 

['~'5N12cH2 4days f 2-(CH2)5NCH2- 74 

{+2,5-di-(CH2)5NCH2- 7 

[O((=2=2)2NC=2 3days { 2-C(cH2cH2)2NCH2- 49 

{+2,5-di-O(CH2CH2)2NCH2- 10 

[ (a2)4N2m2 4daYs 2-(CH2)4NCH2- 83 

(Me2Nj2CH2 4daYs 3-(Me2N)CH2- 96 

(Ma2N)2CH2 
zdays 3-'M"2N'CH2- 80 

[‘a2’4N2Q12 2days 2-(CH2)4NC!H2-,5-Ma- 34 

'a2'4NCH20Et 2days 2-(CH2,4NCH2-,5-Ma- 68 

Although the mechanism, or mechanisms, involved in these reactions are not clearly established 

it is most likely that free imonium salts are not involved and that acyl amonium salts are 

involved in the reactions using acetyl chloride. In certain other investigations where imnim 

salts are kncwn to be involved they appear as precipitates on mixing the reagents. In the 

reactions using sulphur dioxide, dipolar species, for example (7) aud (81, are the most likely 

reactive intermediates. 

We thank the University for a research training award ( to R.F.W. ). 
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