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UNUSUALLY VERSATILE VILSMEIER-HAACK REAGENTS
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The adducts of dimethylformamide (DMF) with acyl halides
[(CHa)zN-CHX]+y_ (1) are the key reagents in the Vilsmeier-Haack reaction
(2). while phosphorus oxychloride has been the halide mainly used, there
have also been reported reactions using other phosphoryl halides, thionyl
chloride, phosgene and aryl sulphonyl chlorides. We now report the first
use in such reactions of sulphamyl halide-DMF systems and record three
different kinds of reactions with these.

The first of these reactions was the normal Vilsmeier-Haack substitution
exemplified by the reaction of dimethyl sulphamyl chloride with primary
aromatic amines in DMF solution when the corresponding formamidine hydro-~

chloride was obtained, thus

(cna)en-sozcl.(cna)gnlc'—n + XNHp —-PH—C,-N(CHg)g. HC1
N-X

I, X = Ar, II, X = NHAr

Table 1 summarises the data obtained in this reaction together with that
from the corresponding reaction with substituted arylhydrazines (where the
products were the corresponding hydrazidines (II), ) and the table also
includes the results of some cognate reactions. In our work we made
products of types I and II, by reaction (1) and confirmed their identities
by their synthesis in one or both of two other ways as well, namely from
the corresponding reactions with either toluene-sulphonyl chloride-DMF
adducts (3) or from dimethylaminoformacetal (). A typical example of
one of our runs is as follows.

To a mixture of 0.025 moles of dimethylsulphamyl chloride in u.28

moles of DMF was added 0.025 moles of m-chlorocaniline. The resulting
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solution was heated at 75° for one hour. On standing overnight at room
temperature, N,N-dimethyl-N'-(m-chlorophenyl)formamidine hydrochloride m.p.
230-233° separated out in 68% yield. An additional 23% of product was
obtained on work-up of the filtrate. Recrystallisation from ethanol gave
the pure product m.p. 233°.

We next attempted to extend these sulphamyl halide-DMF reactions to sub-
stitution in aromatic nuclei. Thus, repeat of one of the standard proced-
ures (5) in this type of reaction, namely treatment of dimethylaniline with
POClz.DMF (at 0°c) followed by basification and steam-distillation of the
reaction mixture yielded p-dimethylaminobenzaldehyde in 56% yield(reported
(5) 50%). On the other hand, under identical conditions, treatment of dimethyl-
aniline with (CHs)2NSOoCl.DMF resulted in the formation of tetramethylsulph-
amide in 71% yield. Control of the reaction temperature was critical because
the dimethyl sulphamyl chloride-DMF plus dimethylaniline reaction mixture
when maintained at 750for 1 hour yielded p-dimethylaminobenzene sulphonic acid
in 80% yield. In cognate experiments, tetramethyl sulphamide did not sulphon-
ate dimethylaniline nor did dimethyl sulphamyl chloride yield tetramethyl
sulphamide on treatment with triethylamine or pyridine in DMF at 0°c.

We can formulate the three modes of behaviour of these sulphamyl halide-

DMF complexes as follows :

cép /N(Cﬂs)z * T
H- + RzNSO2C1 =—= (2)
\(NCHS )2 \0-302N'R2
S 1II
+ -—
/N( CHsz )2 (CH3 ) 2NSOg
111 —> (3)
N
ArNRz + (CHg)pNSO; ——3» SOZArNRs +  (CHs)2NH (4)
+ —
C - N(CHz)z _—» | HON(CH3)z2| c1

Cl'\ | + . S0, (5)
Q\S/NRz NR>
0

H-C - N(CH3)2
-
— HEO +  RoNSO2N(CHs)» (6)
O0— S—NR>
Oz
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The sulphonation reactions we have detected thus can arise either via
the counter anion, dimethylsulphamate (reaction 4) or from SO; (as in 5).
The generation of SOz by the reaction of primary sulphamyl halides with amides
has been reported very recently by Lohaus (6).

The formation of sulphamides of type RpoNSOzN(CH:)z can arise in the way
suggested (reaction 6) or perhaps first by decomposition of the DMF to
dimethylamine which then reacts with the sulphamyl halide. Interestingly,
when a solution of DMF and dimethylsulphamyl chloride was refluxed for 4
hours no substituted sulphamide was obtained (contrast the reaction of DMF
with aroyl halides (7) . We have demonstrated elsewhere (8) that
sulphamides of the type RoNSOzNRz can arise from RpNSOoCl in the absence of
any DMF.

We have found that when DMF is excluded from the aromatic reactions

substitution of a different type takes place as shown in reaction (7).
CgHsNMez + MepNSOzCl —3» MeoNCgH4SOoNMer + MezNCgH4S02CgH4NMeo (7)

Thus, when 0.019 moles of dimethylsulphamyl chloride and 0.047 moles of
dimethylaniline were heated at 120° for 4 hours and kept at room temperature
for a further 24 hours N,N-dimethyl-p-dimethylaminobenzene sulphonamide
and bis-(4-dimethylaminophenyl) sulphone were obtained in 33% and 6% yields

respectively.

REFERENCES
(1) For a critical structural review see G. and M. Martin, Bull.soc.chim.
France, 1637 (1963).

(2) For reviews see M. R. de Maheas, Bull.soc.chim. France, 1989 (1962) ;

E. Kuhle, Angew.Chem. inter.edit., 1 647 (1962).
(3) W. Hoyle, J.Chem.Soc. ({c), 690 (1967) ; N. Steiger, U.S. Patent

3,073,851, Chem. Abs. 59, 1662 (1963).

{(4) H. Meerwein, W. Florian, N. Schon and G. Stopp, Ann. 641 , 24 (1961).
A. Vilsmeier and A. Haack, Ber. 60 , 119, (1927).

(6) @. Lohaus, Chem. Ber. , 100, 2719 (1967).

(7) G. M. coppinger, J. Am.Chem.Soc., 76, 1372 (1954).

(8) F. L. Scott and J. A. Barry, Tetrahedron Letters (in press).



