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Synthesis of Racemic cis and trans 2,4,5-Tripyridylimidazolines.
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Abstract: Reaction of 2-pyridinecarboxaldeliyde with ammonium hydroxide gives 1,3,5-triazine 6 which
was converted to cis-2,4,5-tripyridylimidazoline, 9. The intermediate 2, 4-diaze Pntn/]nvnp is not

cu l’ Crotleliid!

observed, but believed to undergo deprotonatzon and cyclzzanon to afford cis-2,4,5-

trtpyrtdylzmzdazolme Base catalyzed isomerization (5 mol% KO-t-Bu, 23°C) of cis-2,4,5-

tnpyrlayllmlaazoune glVés trans- lmlaaz()[lne (IU) L()mp()unaS‘ O y and io nave been Characterlzed by
Y— ray r‘rvcrﬂ”ngrnphv © 1998 Elsevier Science Ltd. All rlohlx. reserved.
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auxiliaries needed to develop c:atalysts.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 ligands.2'7 In these systems, the majority of the catalysts employ either trans-1,2-
diaminocyclohexane8 or 1,2-diamino-1,2-diphenylethane as the chiral backbone. The motivation for
these choices is purely availability; racemic rrans-1,2-diaminocyclohexane is inexpensive and easily

n
resolved” 10 and several efficient routes to 1,2-diamino-1,2- -diphenyl ethane have been published. 11,12
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appropriate conditions (Equation 1), ammonium hydroxide readily reacts with aromatic aldehydes to
give 2,4-diazapentadienes (1).13’14 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!'* 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 th:

subsequent intermediates formed

in its reaction with ammonium hydroxide, are significantly different than non-heterocyclic analogs
Equation 1
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addition of 2-pyridinecarboxyladehyde to concentrated ammonium hydroxide results in precxpltauon of
the 1,3,5-triazine (6). The formation of 6 is clean and isolation is performed by filtration in 89 %
yie:ld.18 The structure was assigned by NMR spectrometry and verified by X-ray crystallography
(Figure 1).1°

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 equivalcnts of the

aldehyde in THF at 23 °C resulted in the formation of a mixture of two products in a ratio of 1.5to 1

~~

IHN R) along with remaining aldehyde. The minor product was the 1,3,5-triazine 6. The major
pr“uuu was determined to be imidazoline 9 Cncine 1). Under these COuuiLiUuS, the rati
did not change with time. We rationalized that if 6 couid be formed reversibly, the equilibrium wouid
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. ' This geometry was further supported by an X-ray structure determination (Figure 1).
A snenmsenmtler - 3 1 - M
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 5%) 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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remarkably mild conditions. The use of 5 mol % potassium tert-butoxide resulted in the clean formation
of the trans product 10 (92 % yield).18 These conditions can be contrasted with high temperature



derivative 10 by potassium ferf-butoxide at room temperature. We are currently exploring the utility of
9 and 10 as ligands for the synthesis of novel transition metai compiexes and the asymmetric
isomerization of 9 to give non-racemic 10.
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16) Data for 0 9 and 10. byntnesm of 6: 2- t’yrl(lmecarboxyaldenyae (Z g, i8.6 mmol) was added to

ammonium hydrox1de (30%, 16 mL, 124 mmol, 6.7 eq) and solution was stirred for 2 h at 23 °C.
During this time, a pale yellow precipitate fnrmed The precipitate was removed by filtration, dried, and

crystallxzed from CHzCI /dlethyl ether by gas phase diffusion giving 6 as pale yellow crystals (1 78 g8,
5.6 mmol, 89%); mp 137-139 °C; |H NMR (CDCl3 , 200 MHz) 88.56 (d, J =4.6 Hz, 3H), 7.63 (dt, J =
1.6 Hz, I = 7.7 Hz, 3H), 742 (d, ] = 7.7 Hz, 3H), 7.16 (t, J = 7.5 Hz, 3H), 5.33 (s, 3H), 2.77 (s, 1H)
ppm; 13C{1H} NMR (CDCl3, 50 MHz) 8 158.8, 149.6, 1369, 123.2, 122.2, 73.4 ppm; Synthesis of 9:

To a stirring solution of 2-pyridinecarboxyaldehyde (10 g, 93.3 mmol) in THF (75 mL) at 23 °C was

added ammonium hydroxide (30%, 20 mL, 77.8 mmol, 1.7 eq.). The solution was then heated to 50 o=C

for 48 h, extracted with 20 mL CH,Cl,, and washed w1th 3X30 mL water. The organic layer was dried
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nnnnn RCN . fFiltarad anmd tha nnl anl- vaminvad nnadas eads mraccrira Tha sramiainineg cnlid wao
OvVer MgolUy4, 1Hierea, ana ine Soivent removea under réauced pressure. 1 ne remaining soila was
crvetallized from CH _C1 /diethv] ather hv oac nhace diffusion nraviding O ag nale vellow crustale (8 4 o
Crysta:lized from Cn,UL/Gielny: etner Dy gas phase GliTusion providing 2 as paie yeuow crystais (3.4 g,
AT QO sariinnl QALY svem 141 142 O, 1!_7 NMD /T, MNRALTIY S QL0 71 T &7 1T 1T Q 272 (o
41,7 mimoL, 64% ), mMp 141-143 L) “n NMR {(CDLI3, 200 Mnzj 0 0.00 (@, y = 5.7 1z, inj, 6.55 {in,
3H), 7.84 (dt,J = 1.8 Hz, ] =7.7 Hz, 1H), 7.43 (m, 3H), 7.09 (d, ] = 7.7 Hz, 1H), 6.91 (m, 3H), 6.68 (s
1H). 6.05 (d. T = 11.1 Hz. 1H). 5.58 (d. J= 11.1 Hz. 1H) ppm: 13C{1H} NMR (CDCl:. 50 MHz) §
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165.0, 158.9, 148.8, 148.6, 148.5, 136.5, 135.6, 125.3, 122.8, 121.9, 121.4, 66.2 ppm; MS (EI) 301

(M™), 195 (base); Svnthe51s of 10: Powder 9 (1 g, 3.32 mmol) was dissolved in 4 mL of dry THF. The
solution was mixed with potassium tert-butoxide (18.6 mg, 0.17 mmol, 0.05 eq). On addition of the
potassium fert-butoxide, the solution became dark brown and slowly turned to amber. The reaction was

~ Y~ Pt b 2Pt

stirred for an additional 2 h at 23 ©C. LH2L1 was added to the reaction mixture and it was washed with
1
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reduced pressure yielding 10 (920 mg, 3.1 mmoi, 92%); mp 129-131 °C; *H NMR (CDClijy , 200 MHz)
5 8.61 (m, 3H), 8.31 (d J=79Hz, 1H),7.79 (dt,J=1.6 Hz, J = 7.7 Hz, 1H), 7.68 (dt,J= 1.8 Hz, J =
6.5 Hz, 2H), 7.49 (d, J = 7.7 Hz, 2H), 7.38 (m, 1H), 7.22 (m, 2H), 6.80 (s(br), 1H), 5.54 (s, 2H) ppm;
B3¢c{la} NMR (CDCl3, 50 MHz) & 163.2, 161.7, 149.6, 148.8, 147.9, 136.8, 136.6, 125.5, 123.1,
122.4, 121.5, 73.5 ppm; MS (EI) 301 (M™), 223 (base)
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