
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t902189982

IMPROVEMENT OF THE VILSMEIER-HAACK REACTION
Denis Blasera; Monique Calmesa; Jacques Daunisa; François Natta; Anne Tardy-Delassusa; Robert
Jacquiera

a Aminoacides et Peptides: Synthèses-Méthodologies-Applications, URA CNRS 468, Université
Montpellier II, Montpellier Cedex 05, FRANCE

To cite this Article Blaser, Denis , Calmes, Monique , Daunis, Jacques , Natt, François , Tardy-Delassus, Anne and
Jacquier, Robert(1993) 'IMPROVEMENT OF THE VILSMEIER-HAACK REACTION', Organic Preparations and
Procedures International, 25: 3, 338 — 341
To link to this Article: DOI: 10.1080/00304949309457972
URL: http://dx.doi.org/10.1080/00304949309457972

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t902189982
http://dx.doi.org/10.1080/00304949309457972
http://www.informaworld.com/terms-and-conditions-of-access.pdf


OPPI BRIEFS Volume 25, No. 3,1993 

styrene, 1.02 min, 1-phenethyl formate, 3.87 min, 1-bromoethyl benzene, 4.83 min; 2-bromoethyl- 
benzene, 6.35 min, 1-methylnaphthalene, 9.19 min 
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During the course of a study of the asymmetric alkylation and deracemization of a-amino 
acids supported on a chiral polymer,’ we required compound 2 in order to prepare one of the 
monomeric precursors. It has been reportedz that treatment of N-methylformanilide (1) with a mixture 
of POC1, and E l , ,  gives p-N-methylaminobenzaldehyde (2) in 33% yield. However, when the litera- 
ture conditions were used, the yields were erratic ranging from 530%.  Moreover, purification of the 
product is somewhat difficult on account of the numerous by-products. We therefore undertook a 
study of the experimental conditions of the Vilsmeier-Haack reaction? such as dilution with a solvent, 
the use of various halogenated reagents, the relative quantities of reagents, the reverse addition of 
reagents, etc. 
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It was found that the use of a solvent ( q C l , ,  CHCS, AcOEt, etc.), gave less than 10% yield 
We found it unnecessary to use a mixture of POC1, and Pa,, since similar results were obtained with 
each of these reagents alone. On the other hand, with SOCl, the expected compound was not formed. 
The Vilsmeier salt 4 failed to react with N-methylanilme 3 when 3 was added to the reagent mixture, 
no 2 could be isolated. The Vilsmeier complex [ Cl-CH=N+(CHJ, C1- ] of oxalyl chloride with 
dimethylformamide has been employed in numerous reactions such as esterification," reduction? 
halogenation: formation of acyl chlorides,' etc. However, oxalyl chloride alone has not been used in 
the formylation of aromatic substrates. 

Addition of an equimolecular quantity of oxalyl chloride without solvent to N-methylfor- 
manilide (1) gave p-formyl-N-methylformadide (5) (26%), N-methylaniline (3) (26%) in addition to 
unreacted N-methylformanilide (48%). These results suggest the following mechanism. 

The intermediate formation of p-formyl-N-methylformanilide (5). which can be easily isolated 
by chromatography on a silica gel column and the formation of equimolecular quantities of 3 and 5 
suggest that 6 does not react with 1 and oxalyl chloride to give an oligomer such as 7. Under these 
conditions and according to the mechanistic scheme below, the yield cannot exceed 50%. The low 
yield (26%) of p-formyl-N-methylformanilide is at least partially the result of a loss of oxalyl chle 
ride, the latter being carried away in the vigorous gas evolution during the reaction. By using two 
equivalents of reagent, the yield of 2 increased to 40%. p-Methylamhobemaldehyde (2) was obtained 

Ph 0-CO \ +  / \ 
Ph\N - !H 0 N- cH3 

I 
c o - 4 -  

CH/ Cm, 
1 -  

6 

nearly quantitative yield following by treatment of 5 with 6N NaOH. This basic hydrolysis could also 
be performed directly on the crude reaction mixture. In the latter case, N-methylaniline must be elimi- 
nated by steam distillation and 2 extracted with CH.$I,. Few by-products are formed thus allowing 
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ready isolation of 1 in the pure state. The addition of solvent (ClI$h) at the end of the introduction of 
oxalyl chloride decreased the yield (6.5%). Finally, no 2 was obtained when the Vilsmeier complex 
was pre-generated by reaction of oxalyl choride with DMF, either with or without solvent. 

In conclusion, the use of oxalyl chloride in the formylation of N-methylformanilide provides 
the following advantages: (a) improved yields approaching the theoretical maximum of 50 %, (b) 
good reproducibility, and (c) few by-products. 

EXPERIMENTAL SECTION 

Mps are uncorrected. 'H NMR spectra were recorded in CDCL, on a Brucker AC 250 instrument, 
using TMS as an internal staudard. 

p-(N-Methylamino)benzaldehyde (2).- An equimolecular quantity of oxalyl chloride (19.4 mL, 0.22 
mole) was added without solvent to N-methylformanilide (30g, 0.22 mole) at such a rate that the 
temperature was maintained between 40-50". Stirring was then continued for 12 hrs at room tempera- 
ture. The resulting viscous oil was dissolved in 150 mL of water and the solution made basic with a 
6N sodium hydroxyde solution. The by-product N-methylaniline was removed by steam distillation 
and the residual solution was extracted with C5CJ (3 x 30 mL). The combined C$CJextracts were 
dried over sodium sulfate and the solvent was removed in vucuo; the residual crystallized red oil was 
distilled to give 7.75 g (26%) of pure product, bp. 127-130"/0.04mm, lit. bp. 185-187'/15mm? By 
using two equivalents of oxalyl chloride and with the same experimental procedure pure 2 was 
obtained in 40% yield after distillation. R, = 0.60 (SiO,, CH+&-AcOEt 21); mp = 54': 'H-NMR 
(CDCIJTMS): 6 2.80 (d, 3H): 6.72 (d, 2H); 7.75 (d, W); 10.10 (s, 1H). 
p-Formyl N-methylformanilide (5) may be isolated from the reaction mixture obtained above. After 
Wing stirred for 12 hrs at room temperature, the resulting viscous oil was hydrolysed with water and 
neutralized with a saturated sodium acetate solution (pH 5-6). After extraction with CH,Cl,, the 
organic phase was dried over sodium sulfate and the solvent was evaporated. The residual solid thus 
obtained was chromatographed on silica gel with 1:l AcOEt-CHLCI, as eluent; Rf = 0.67. 'H NMR 
(CDCIJI'MS): 6 = 3.45 (s, 3H); 6.78 (d, 2H); 8.13 (d, 2H): 8.90 (s, 1H); 10.20 (s, 1H). 
Anal. Calcd. for C W O , :  C, 66.24; H, 5.56; N, 8.58. Found: C, 66.14; H, 5.69; N. 8.71 
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2-Hydroxy-3-methylcyclopent-2-en- 1 -one (6, corylone) is a commercially important 
perfumery and flavouring material. In 1963, it was identified, along with some other cyclic 12-dike- 
tones, as a component of the roasted coffee aroma complex.' Mainly because of its organoleptic prop 
erties 6 has been the target of a great deal of synthetic activity. Indeed, its value does not reside solely 
on its aroma and flavor: the compound has also been found useful as a synthetic precursor of 
cyclopentenoid natural products, including dihydrojasmone.* methylenomycin B3 and 
oxaprostaglandins analogs! A preceding paper, described a synthesis of 2-hydroxy-3-methylcy- 
clopent-Zen-lane (6). The key to this synthesis was the preparation of 2-hydroxy-2-methylglutaric 
acid dimethyl ester (4) from 2-ketoglutaric acid? The present work, describes a alternative synthesis 
of compound 4 starting from linalyl acetate (1). 

Treatment of linalyl acetate by von Rudloff permanganate-periodate m e t h d  gave 2-acetoxy- 
2-methylglutaric acid (2). Methylation of this crude product with dimmethane' gave 2-acetoxy-2- 
methylglutaric acid dimethyl ester (3). Our initial intent was cyclize diester 3 by the acyloin 
condensation to give the bis(trimethylsily1) ether (7).* Simple hydrolysis and dehydration of this ether 
would give 6. To our surprise, however, the reaction of 3, under the usual conditionsg used for the 
acyloin condensation failed. We suspected the source of our problem to be the presence of the group 
acetoxy. In order to overcome this problem, compoud 3 was treated with QCOfleOH to give 4. It 
was necessary to protect the hydroxyl group before acyloin condensation. The trimethylsilyl ether (3, 
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