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The amination of aromatic and heterocyclic rings has attracted
considerable attention in recent years.1-4 Mention can be made
of work describing nucleophilic halide displacement reactions
(SNAr) of substituted halobenzenes,2 the use of enamines3 and
the recent introduction of transition metal promoted amination
reactions.4 In particular, amino substituted benzophenones,
which may be obtained by the aforementioned routes, are
valuable intermediates for the preparation of di- and tri-
phenylmethane dyes,5 photo-6 and thermo-7 chromic mole-
cules, colour formers8 and polymeric triarylamines.9

We now report an unusual nucleophilic aromatic substitu-
tion of halide on heating halobenzenes in 1,1,3,3-tetramethyl-
guanidine (TMG).

The displacement of chloride or fluoride from electron defi-
cient aromatic compounds on heating either in neat amine or
with an amine in a co-solvent (e.g. DMSO,10 DMF11 or
tetramethylene sulfone12) has proved a fruitful route to
aminobenzenes.2 One function of particular interest to us was
the guanidine unit. There are relatively few reports of SNAr
reactions using TMG. In all cases a halogen was displaced
from a highly activated system e.g. 2-chloro-4,6-dimethoxy-
1,3,5-triazine,13 2-chloropyrimidine14 and 2,3,5,6-tetrabromo-
1,4-benzoquinone,15 and resulted in the formation of a
2-substituted TMG through displacement of the halogen by
the imine N atom. We now report that heating 4-fluoroben-
zophenone in neat TMG at 100°C gave a new more polar pale

yellow product that, surprisingly, was 4-dimethylamino-
benzophenone, together with some intractable highly polar
material after routine aqueous work-up and column chro-
matography. None of the desired benzophenone containing a
TMG unit could be detected in the mixture by GC-MS.
Repeating the procedure with other fluorobenzophenones
(Table 1) revealed that this dimethylamination was a general
reaction.

Dimethylamino group displacement of halides has been
observed on heating activated chlorobenzenes at ca 200°C16

and fluorobenzenes at ca 100°C17 in DMF or hexam-
ethylphosphoramide.18 Also attempts to displace halogens
with relatively non-nucleophilic amines e.g. diethanolamine,
using DMF as solvent results in significant dimethylamina-
tion.11

A possible mechanism for this reaction is outlined in
Scheme 1. Initial attack by the NMe2 function of TMG is fol-
lowed by re-aromatisation of the intermediate anion through
loss of fluoride. Elimination of dimethylcyanamide completes
the sequence. GC-MS analysis of several of the reaction mix-
tures confirmed that dimethylcyanamide was present and thus
supports the proposed mechanism.

To further explore the generality of this reaction we investi-
gated the displacement of halide from some halogenoarenes
(Table 2). Thus warming 1-fluoro-2-nitrobenzene in TMG
resulted in the formation of two bright yellow components
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Table 1 Substituted benzophenones

Reactant Producta

No. R X Y R X Y Yield/%b M.p./b.p./°C (lit. value)

1 Ph H F Ph H NMe2 58 87–88 (87.5–89)19

2 Ph F H Ph NMe2 H 51 105–109, 0.08 mm
(141–142, 1.0mm)20

3 4-FC6H4 H F 4-FC6H4 H NMe2 29 109–111
4-Me2NC6H4 H NMe2 27 170–172(172–172.3)19

4 2-FC6H4 H F 2-FC6H4 H NMe2 25c 83.5–84
5 4-MeOC6H4 H F 4-MeOC6H4 H NMe2 54 131–132 (131.4)19

6 2-thienyl H F 2-thienyl H NMe2 55 91–93 (92–94)21

aAll new compounds were fully characterised by 1H NMR spectroscopy, HRMS and gave satisfactory elemental analysis. Known
compounds had comparable spectroscopic data and physical properties with authentic material. bIsolated yields are unoptimised.
cEntry 4 is particularly noteworthy because C-4 substitution was entirely regiospecific, no other aminated products could be iso-
lated.
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having markedly differing polarities. Separation by column
chromatography gave the less polar minor fraction as 2-nitro-
N,N-dimethylaniline (14%) and the more polar major 2-nitro-
phenyl substituted TMG (54%). Similar behaviour was
observed with the chloronitrobenzotrifluoride (Table 2, entry
5). However, none of the TMG substituted product was
obtained from the reaction of the isomeric chloronitroben-
zotrifluoride (Table 2, entry 6) and only the dimethylamino
substituted product was obtained. These results suggest that as
the ability of the aromatic ring to stabilise the negatively
charged σ-complex increases, attack by the imine nitrogen
atom prevails.

The transformation of TMG, on heating with electron defi-
cient aromatic halides, into 2-aryltetramethylguanidines pro-
vides a valuable alternative to the existing syntheses of these
compounds, which are typically obtained from the reaction of
an aniline with the chloroiminium salt derived from tetra-
methylurea and POCl3.25
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