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Abstract: Reaction of 2-pyridinecarboxaldehyde with ammonium hydroxide gives 1,3,5-triazine 6 which
was converted to cis-2,4,5-tripyridylimidazoline, 9. The intermediate 2,4-diazapentadiene is not
observed, but believed to undergo deprotonation and cyclization to afford cis-2,4,5-
tripyridylimidazoline. Base catalyzed isomerization (5 mol% KO-t-Bu, 23°C) of cis-2,4,5-
tripyridylimidazoline gives trans-imidazoline (10). Compounds 6, 9, and 10 have been characterized by
X-ray crystallography. © 1998 Elsevier Science Lid. All rights reserved.

Advances in the field of asymmetric catalysis can be limited by the availability of chiral
auxiliaries needed to develop catalysts.1 The significance of this deficiency is more pronounced on an
industrial scale, where many chiral auxiliaries are prohibitively expensive, rendering even efficient
processes economically unfavorable. The influence of the limited pool of chiral auxiliaries can be
appreciated on examination of successful catalytic asymmetric processes which incorporate chiral
diamine based li,gands.z'7 In these systems, the majority of the catalysts employ either rrans-1,2-
diaminocyclohexane8 or 1,2-diamino-1,2-diphenylethane as the chiral backbone. The motivation for
these choices is purely availability; racemic trans-1,2-diaminocyclohexane is inexpensive and easily
resolved”10 and several efficient routes to 1,2-diamino-1,2-diphenyl ethane have been published. 1,12

In an effort directed toward the synthesis of chiral diamines, we have reexamined the
condensation of ammonia hydroxide with aromatic aldehydes. Previous studies indicate that under
appropriate conditions (Equation 1), ammonium hydroxide readily reacts with aromatic aldehydes to
give 2,4-diazapentadienes (n.1314 Deprotonation of the 2,4-diazapentadiene with a strong base
(PhLi)14 or under thermal conditions results in formation of the transient 2,4-diazapentadieny! anion (2)
which cyclizes in a disrotatory fashion to furnish the cis-imidazoline 3.13 Isomerization of 3 with
base!4 and heat provides the trans-imidazoline 4, which can be hydrolyzed to the diamine. In this
communication we present our findings employing the heteroaromatic aldehyde 2-
pyridinecarboxaldehyde (5). The reactivity of this aldehyde, and the subsequent intermediates formed
in its reaction with ammonium hydroxide, are significantly different than non-heterocyclic analogs.
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Our results are outlined in Scheme 1 and Equation 2. In general, addition of aromatic aldehydes
to ammonium hydroxide solutions produce 2,4-diazapentadienes. However, aldehydes with electron
withdrawing substituents favor formation of 1,3,5-triazenes. 1516 15 agreement with previous reports,17
addition of 2-pyridinecarboxyladehyde to concentrated ammonium hydroxide results in precipitation of
the 1,3,5-triazine (6). The formation of 6 is clean and isolation is performed by filtration in 89 %
yieldA18 The structure was assigned by NMR spectrometry and verified by X-ray crystallography
(Figure 1).19

Conditions were varied in an effort to the favor formation of the 2,4-diazapentadiene (7). We
found that slow addition of two equivalents of ammonium hydroxide to three equivalents of the
aldehyde in THF at 23 ©C resulted in the formation of a mixture of two products in a ratio of 1.5 to 1
(\H NMR) along with remaining aldehyde. The minor product was the 1,3,5-triazine 6. The major
product was determined to be imidazoline 9 (Scheme 1). Under these conditions, the ratio of 6 and 9
did not change with time. We rationalized that if 6 could be formed reversibly, the equilibrium would
be driven to the cyclized product 9. Reaction of the aldehyde 5 with 5 equivalents of ammonium
hydroxide in THF led to initial formation of the triazine 6. Gentle heating of the solution to 50 °C
resulted in complete conversion of the triazine to the desired cyclized product 9 over 24 h in 84 %
yield.18 The assignment of the cis geometry was based on the derivatization of the imidazoline with
benzoyl chloride. The inequivalent methine hydrogens in the derivatized product are coupled in the 1H
NMR with J = 8 Hz. This coupling constant is consistent with a cis geometry of the 4,5-pyridyl
groups. 14 This geometry was further supported by an X-ray structure determination (Figure 1).

Apparently, cyclization of the transient 2,4-diazapentadiene 7 occurs readily at room temperature
with dilute ammonium hydroxide. Reports of cyclization of 2,4-diazapentadienes derived from 4-
chloro- and 4-cyanobenzaldehyde indicate that the cyclization takes place at 50 °C in low yield (45%) in
concentrated ammonium hydroxide. However, high temperatures (120 °C) or strong bases have
generally been used to deprotonate and cyclize the 2,4-diazapentadiene 1 (Equation 1).
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Catalytic conversion of the c¢is imidazoline 9 to the trans 10 was also accomplished under

remarkably mild conditions. The use of § mol % potassium fert-butoxide resulted in the clean formation
of the rrans product 10 (92 % yield).]8 These conditions can be contrasted with high temperature






