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Scheme 11

extent of the conjugation. It is of interest here to point
out that the A, values of 13 (423 nm) and 12 (420 nm)
agree well with that of 11’ (421 nm), manifesting the mu-
tual relevancy of molecular structures determined in this
work.

Conclusion
NZ2.[(1E,3E)-1,3-Butadienyl]-N'-1,3-butadienylbenz-

amidine (11’) and N-[(1E,3E)-4-methanoyl-1,3-butadi-
enyl]benzenecarboxamide (13’), but not 2, have been found
to be responsible for the red color in the Fujiwara reaction
when benzotrichloride was used as a chromogenic reagent.
In alkaline media, these compounds take the anionic forms
11 and 13 as a result of deprotonation of the NH group.
Owing to these extended conjugated systems, they develop
an intense red and yellow color, respectively. These com-
pounds appear to be formed by the hydrolysis of a di-
pyridinium cation which results in ring breakage of the
pyridine rings.
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2-Aminothiazole and 4-methyl-2-aminothiazole act as bident nucleophiles toward 2,4-dinitrofluorobenzene
(DNFB) in dimethyl sulfoxide. Product structures have been ascertained by 'H NMR spectroscopy as well as
by X-ray analysis. In the absence of steric hindrance, the “aza” nitrogen is a more effective nucleophile site
than the exocyclic “amino” nitrogen of the 2-aminothiazoles.

2-Aminothiazole reacts as a nucleophile with either of
its nitrogen atoms, the exocyclic nitrogen or the endocyclic
nitrogen, depending upon the electrophilic center and the
experimental conditions. For example, with alkyl halides,’
in the absence of strong bases, the endocyclic nitrogen is
the main nucleophile, while with acyl? and sulfonyl® halides
the exocyclic nitrogen is the main nucleophile. In order
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to collect further information on this behavior and to test
an example of nucleophilic attack on an aromatic sp?
carbon, we have investigated the reactions of 2-amino-
thiazole, 4-methyl-2-aminothiazole and 2-(sec-butyl-
amino)thiazole with 2,4-dinitrofluorobenzene (DNFB) in
dimethyl sulfoxide. The structures of reaction products
have been assigned by 'H NMR spectroscopy and X-ray
analysis.

Results and Discussion

The reaction between 2-aminothiazole and DNFB, in
equimolecular amounts or with a deficiency of DNFB, is
complete in about 48 h in dimethyl sulfoxide at 25 °C. The
major product of this reaction is an imino derivative, as
ascertained by its 'H NMR spectrum (see Table I'%). In
fact, the signals of the protons of the thiazole ring are in
the same field range (H,) or shifted to higher field (Hj)

© 1981 American Chemical Society



Reactivity of 2-Aminothiazole

Figure 1. Perspective drawing and numbering scheme of com-
pound I. Hydrogens have been omitted for clarity.

with respect to the signals of the corresponding protons
of 2-aminothiazole itself (3y, 7.08 and oy, 6.66 in Me,SO-dg)
in spite of the electron—wilgﬁdrawing effect of the dinitro-
phenyl group.* Two possible imino derivatives exist in
principle (I and Ia), and they cannot be easily distinguished

NO,

s S
[ >=NH E >=N——DNP where DNP =

N N

| |

DNP H NO,
I Ia

by 'H NMR. However, X-ray analysis indicates that the
dinitrophenyl group is bonded to the endocyclic nitrogen,
as in L.

Bond lengths and valency angles of compound I are
collected in Table II,'” and Figure 1 is a perspective
drawing of this compound. From the reported data the
C;-N; bond has a strong double bond character; in fact,
its length (1.265 A) is perfectly comparable with that of
the analogous bonds of 2-[(2,6-dimethylphenyl)imino]-
thiazolidine (1.264 A),% 2-(phenylimino)thiazolidine (1.284
A) % and similar systems.” The other geometrical param-
eters involving the C, atom are also in agreement with an
exocyclic C-N double bond. The Nj deviation from the
plane of the heterocyclic ring is about 0.034 A, while the
deviation calculated for the C¢ atom is 0.347 A, as expected
for an N which is sp® in character. The angle between the
two rings is ~48°.

This same behavior is observed for 2-(sec-butyl-
amino)thiazole (see *H NMR data in Table I) whose re-
action gives compound II in high yield and in the absence
of detectable amounts of other reaction products. A com-
pound analogous to Ia, of course, is not possible in this
case.
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If the reaction of 2-aminothiazole is carried out in the
presence of an excess of DNFB, the main reaction product
is III, as is reasonably inferred from the 'H NMR data

E:>=N—-DNP
l

DNP
I

(Table I). This same compound (III) is also present, in
low percentage (~10%), in the reaction mixtures initially
containing equimolar amounts of the reactants and likely
comes from a nucleophilic attack of the imino nitrogen of
I on DNFB.

When the reaction is carried out with 4-methyl-2-
aminothiazole, the main product is a crystalline orange
compound (IV) whose structure has been assigned by

s H
L
CH3 N onp

v

X-ray analysis. 'H NMR spectral data (Table I) show that
the Cs—H signal is shifted at lower fields with respect to
the corresponding signal of 4-methyl-2-aminothiazole (o,
6.08 in Me,S0-dg). This difference in chemical shift (Ad
= 0.9 ppm) is expected in view of the electronic effect of
the dinitrophenyl group on this amino aromatic form. The
structure of IV agrees with the structure previously pro-
posed for the product of the reaction of 4-methyl-2-
aminothiazole with picryl chloride.?

Figure 2 is a perspective drawing of compound IV, whose
geometrical parameters are collected in Tables III and IV.Y’
In this case the C,-N; bond length (1.389 A) is consistent
with a single C-N bond,® and the geometrical parameters
of the atoms of the thiazole ring agree well with the aro-
matic character of the heterocycle.l? The angle between
the rings is 172°. By examining the Fourier maps of IV
it appears that the H; of the molecule A is bonded to the
N; (exocyclic) atom, as expected for an amino tautomer.
In principie, compound IV can exist in two tautomeric
amino—imino forms, but in the solvent here considered and
in the crystal state only the amino tautomer was detected
in practice. This may be due to the fact that the elec-
tron-withdrawing ability of the 2,4-dinitrophenyl group is
not sufficient to stabilize the imino form of this molecule.!

From the reaction mixture of 4-methyl-2-aminothiazole
with DNFB is also obtained compound V as a side product,

£SN>=N_DNP
|

CH3
DNP
v

in addition to IV which is the major product, even when
DNFB is in molar excess (1:2). The 'H NMR spectrum
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J41H
Figure 2. Perspective drawing and numbering scheme of com-
pound IV.

of V is very similar to that recorded for IIl. We guess that
this compound (V) comes from a nucleophilic attack of the
compound analogous to I on DNFB. We have made sure
that compounds I and IV do not isomerize even in the
presence of DCI and after long reaction times (2-3 days).
Compound IV does not react with DNFB in Me,SO, while
I is easily converted to III in the presence of DNFB in
Me,SO.

These findings agree with the reaction mechanism
proposed by Coburn!! for the reactions of 2-aminopyridine
with picryl halides: i.e., products of structure III and V
are obtained from a preliminary nucleophilic attack of the
endocyclic nitrogen on the electrophilic center and sub-
sequent further attack of the exocyclic nitrogen of the
imino form. Both nitrogen atoms of the aminothiazole
moiety are, in principle, nucleophilic sites although for any
individual aminothiazole this nucleophilicity could well be
related to actual position of the tautomeric equilibrium

(11) B. W. Harris, M. D. Coburn, and E. P. Papadopoulos, J. Heter-
ocycl. Chem., 13, 846, (1976).
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(eq 1). However, both aminothiazoles here considered are

H
~ ~ ~
\N/c N\H = =M (1)
N
amino ,
H
imino

known to exist essentially in the amino aromatic form in
water!? and Me,SO.* In addition, the value of a prototropic
equilibrium constant, in general, may be irrelevant in ex-
plaining the product formation.!* The substantial dif-
ferences observed when a methyl group is in position 4 can
therefore hardly be explained as a consequence of tau-
tomerism. Instead it is reasonable to attribute the different
behavior of 2-aminothiazole and 4-methyl-2-aminothiazole
toward DNFB to steric hindrance operating in the tran-
sition state for the latter thiazole. It is known that the
basic strengths of the “aza”? and imino!* nitrogens are
higher than that of the exocyclic amino nitrogen, and
basicity could be a relevant parameter for explaining these
present results. The “aza”nitrogen appears to be a more
efficient nucleophile than amino nitrogen toward an sp?
aromatic carbon, except when steric hindrance affects the
reaction as in the case of 4-methyl-2-aminothiazole. The
imino nitrogen appears also to be a very efficient nucleo-
philic center as shown by the formation of compounds III
and V.

Experimental Section

Starting materials were commercial samples (Carlo Erba or
Schilling) purified according to the literature. Melting points are
uncorrected. *H NMR spectra were recorded by a JEOL (100
or 60 MHz) spectrometer. Sample dilution did not affect the
chemical shifts of the various protons, including the N-H protons.

Reactions of 2-Aminothiazole with DNFB. A solution of
1.1 g (0.006 mol) of DNFB in 5 mL of Me,SO was added dropwise
to a Me,SO solution (56 mL) of 0.6 g (0.006 mol) of 2-aminothiazole
under vigorous stirring at 25 °C. After 2 days the red reaction
mixture was poured onto water and neutralized with NaHCOj.
A red solid precipitates (mp 140-143 °C) which contains about
10% (*H NMR) of compound II1. Crystallization from CHCl,
gave 1.4 g (87%) of I: mp 144-145 °C; mass spectrum, m/e 266
(M*), 220 (-NOy), 174 (-NO,), 147 (-HCN). Anal. Caled for
CHeN,O,S: C,40.60; H, 2.27; N, 21.04. Found: C, 40.63, H, 2.45;
N, 21.05.

Similar results were obtained when the molecular ratio of
2-aminothiazole to DNFB was 2:1. On the other hand, when the
molecular ratio was 1:2, compound III was obtained in 90% yield,
mp 187-188 °C (acetone). Anal. Caled for C;;HgNGOgS: C, 41.67;
H, 1.87; N, 19.44. Found: C, 41.84; H, 2.03; N, 19.38.

If the same reaction was performed in methanol or ethanol,
products I and III were obtained, but in much lower yield as
DNFB solvolysis products were also formed.

Reactions of 4-Methyl-2-aminothiazole with DNFB. By
the above-described procedure compound IV was obtained as the
major reaction product in Me,SO (about 60% yield) when the
molecular ratios of the reactants were 2:1, 1:1, and 1:2. The solid
product mixture again precipitates when the reaction mixture is
poured onto water: mp 156-157 °C; mass spectrum, m/e 280 (M*),
263 (-OH), 232 (-NO,). Anal. Caled for C,(HgN,O,S: C, 42.86;
H, 2.87; N, 19.99. Found: C, 42.64; H, 2.80; N, 19.62.

Compound V was also present as a minor reaction product in
the solid mixture, its yield being not more than 30% in all cases;
mp 210-211 °C. Furthermore, compound IV dissolved in Me,SO
at 25 °C in the presence of a large excess of DNFB remains
unchanged after 4 days and can be quantitatively recovered.
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(13) P. Beak, Acc. Chem. Res., 10, 186 (1977).

(14) S. J. Angyal and C. L. Angyal, J. Chem. Soc., 1461 (1952); L.
Forlani and P. De Maria, work in progress.



dJ. Org. Chem. 1981, 46, 3181-3186 3181

According to the literature,'® compound IV can be obtained
from the reaction of 4-methyl-2-aminothiazole with 2,4-dinitro-
halobenzene in ethanol and in the presence of sodium acetate.
The melting point reported for the reaction product is 81 °C.
Following this procedure, we were not able to obtain the described
product. Instead the observed products (~90% yield) were
2,4-dinitrophenyl ethyl ether, unreacted DNFB and 4-methyl-
2-aminothiazole, and 4-methyl-2-aminothiazolium 2,4-dinitro-
phenozide.

X-ray Analysis. Preliminary lattice constants were obtained
by least-squares methods from 25 reflections lying in the range
6° < 6§ < 20°. Relevant crystallographic data are summarized in
Table V.17 Intensity data were corrected for Lorentz and po-
larization effects but not for absorption.

For compound I 128 reflections with F, < 5¢(F,) were taken
as unobserved, after data reduction. The space group was assigned
from the systematic extinctions (h0!, [ = 2n + 1; 0k0, & = 2n +
1). The structure was solved by direct methods and refined by
full-matrix least-squares methods with the SHELX crystallographic
program system.'® The H atoms were geometrically positioned
(assuming C-H = 1,08 A). Isotropic refinement was performed
for all nonhydrogen atoms, except for the S and C, atoms and
the NO, groups. The weighting scheme was 4.27/[0(Fo)* +

(15) S. P. Gupta and S. Rani, J. Indian Chem. Soc., 55, 730, (1978).

(16) G. M. Sheldrick, “SHELX 76", University of Cambridge, Cam-
bridge, England, 1976.

(17) Supplementary material.

0.000092F%. The final conventional agreement index was 0.048.

For compound IV the same procedure as described for I was
used (see Table V). In this case the first map with E 2 1.2 gave
an unsatisfactory structure, as two molecules were present in the
asymmetric unit. With E = 1.1, the position of the atoms was
clearly revealed and a preliminary refinement allowed identifi-
cation of some hydrogen atoms (Hg,g, see Figure 2). The other
hydrogen atoms were geometrically positioned by subsequent
refinement. For these hydrogen atoms only, a thermal parameter
was used, while all the nonhydrogen atoms were refined by iso-
tropic U values, except for the S atom and the nitro groups. The
weighting scheme was 2.93/[¢(F,)? + 0.00053F 2] and the final
conventional agreement index was 0.068.
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Alkoxycarbenium ions were synthesized by direct O-alkylation of the corresponding carbonyl compounds with
trimethyloxonium ion salts and methy! fluorosulfate. The thermodynamic stabilities of the alkoxycarbenium
ions were determined by stepwise equilibrations of pairs of these ions via transalkylation with the corresponding
carbonyl compounds in liquid sulfur dioxide as monitored by 'H NMR. The structures, spectra, and stabilities
of alkoxycarbenium ions have been compared with those of the corresponding hydroxycarbenium ions. In general,
the relative stability order for alkoxycarbenium ions parallels the order of stabilities for the corresponding

hydroxycarbenium ions.

Alkoxycarbenium ions (or carboxonium ions), 1, have
been postulated as intermediates in a vast number and
variety of organic reactions.>'® Oxonium ion chemistry

(1) (a) Taken in part from the Ph.D. dissertation of C.R.G., University
of Arkansas, Fayetteville, AR, 1978. (b) Presented in part at the 27th—
31st Southeast-Southwest Combined Regional Meeting of the American
Chemical Society, Memphis, TN, Oct 31, 1975, Abstract No. 461. (c)
Present address: Michigan Molecular Institute, 1910 W. St. Andrews,
Midland, MI 48640.

(2) Preliminary communication: Quirk, R. P.; Gambill, C. R. J. Chem.
Soc., Chem. Commun. 1974, 503.

(3) Streitwieser, A., Jr. “Solvolytic Displacement Reactions”,
McGraw-Hill: New York, 1962; p 103.

(4) Dusseau, C. H. V.; Schaafsma, S. E.; deBoer, T. J. Recl. Trav.
Chim. Pays-Bas 1970, 89, 535.

(5) Cordes, E. H. Prog. Phys. Org. Chem. 1967, 4, 1.

(6) Cordes, E. H.; Bull, H. G. Chem. Rev. 1974, 74, 581.

(7) Patai, S., Ed.; “The Chemistry of the Ether Linkage”; Interscience:
New York, 1967; p 309.

(8) Young, P. R.; Bogseth, R. C.; Rietz, E. G. J. Am. Chem. Soc. 1980,
102, 6268.

(9) Sheldon, R. A,; van Doorn, J. A. Tetrahedron Lett. 1973, 1021.

(10) Deno, N. C.; Billups, W. E; Kramer, K. E.; Lastomirsky, R. R.
J. Org. Chem. 1970, 35, 3080.

0022-3263/81/1946-3181$01.25/0

has been the subject of a text!® and a review.2? The
chemistry of structurally related species has also been
reviewed. 2%
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