Cyclic amidines as precursors for imidazoles
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Abstract

The regioselective nucleophilic reactivity of cycimidines is considered in the context of their
reactions with 2-haloketones to generate imidazdisce the tautomer with an endocyclic
imine is favoured, reaction with the 2-haloketotec&ophile proceeds via initial alkylation at

the ring nitrogen. This was confirmed by repeatinguitable literature reaction and submitting
the isolated product to single-crystal X-ray anelys
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Introduction

The best-known method for the ring synthesis ofdamble$™ involves the interaction of an
amidine2 and a 2-halo-keton® with elimination of hydrogen halide and watenigg a 2,4(5)-
disubstituted imidazol8 (Scheme 15.

Usually, amidines are handled as their resonatadBlised amidinium salts}, being easily
converted into the free amidine with mild base. yitéxy-aldehydes (sugars) also react in like
fashion with formamidine acetate, to produce 4(®ssituted imidazole%’
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Scheme 1.General reaction of an amidine with a 2-halo-keto

In considering the details of these cyclisatioacpsses, one must remember that the initial
interaction of an amidine with an electrophile ajganvolves the imine nitrogen as nucleophile,
since this selectivity allows a resonance staldliamidinium intermediate to be generated. Since
amidines are tautomeric, consideration of the @wmistry with which they react must also
take account of the possibility that the minor tewér might have the more reactive imine
nitrogen centre. Considerig-monosubstituted amidineg when the electrophile is a proton,
each tautomer gives rise to the same amidiniunomatifor other electrophiles (En Scheme 2)
different products6 and7, can arise.
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Scheme 2.General reaction of ad-substituted amidine with an electrophile.

Thus, for the standard imidazole-forming procegshe combination of a 2-haloketone and
an amidine (Scheme 1), the first intermediate hale the forn8 (Scheme 3). Indeed, in one
instancé® such an intermediate salt was isolated before teiiop of the ring closure in a
second step.
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Scheme 3.First step in the reaction between an amidineaaB¢halo-ketone.

Imidazoles can also be synthesized via the raadfcan amidine with 2-halo-3-alkoxy-2-
propenals, e.g9 (surrogates for 3-halo-pyruvaldehydes) produciognflimidazoles. WithN-
mono-alkyl amidined, mixtures of isomeric aldehyd&® and11 in ratios varying from 85:15 to
100:0 were obtained (Scheme®Based on the analysis above, it seems that botbrers of4
are available for reaction and thé&a reacts more rapidly tha#b. Thus the observed regio-
selectivity is interpreted as meaning that thaah{and product/regioisomer-determining) step is
nucleophilic attack by the imine nitrogen of tautyma at the electrophilic C-3 carbon 6f
Studies of the tautomeric equilibria df-mono-alkyl-substituted amidines (substantiated by
studies oMN-alkyl-N’-aryl-disubstituted amidinéd show that the isomer with the alkyl group on
the amino nitrogen is usually the more stdbi&® whereas the reverse is true féimono-aryl
amidines'* Therefore, in the latter case, it is the more Istamidine through which reaction
leading to the main products of ring closure occurs
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Scheme 4.Reaction of a 2-halo-3-alkoxy-2-propenal withNusubstituted amidine.

Results and Discussion

Our interest in this area was initiated by sundsyorts®*>~"mainly in the patent literaturé,
describing the reaction of the cyclic amidine 3idydro-2H-pyrrol-5-amine (variously referred

to as ‘2-iminopyrrolidine’ and ‘2-aminopyrroline’§12) with a 2-haloketone. Although the
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majority of these reports concur that the prodwats 2-substituted 6,7-dihydrd45pyrrolo-
1,2-a]imidazoles13 (Scheme 5), a 2013 pat&hteports formation of 3-substituted analoglds
by the reaction 012 with 2-bromo-ketones.
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Scheme 5.Formation of bicyclic imidazoles from 3,4-dihydebt-pyrrol-5-amine {2) and
2-halo-ketones.

There are also repoffs? of six-membered cyclic amidines, e.g. 3,4,5,6ategdropyridin-2-
amine (5), reacting with 2-bromo-ketones to generate 2-#uwibsd 5,6,7,8-tetrahydro-
imidazo[1,2a]pyridines16 (Scheme 6), in analogy to the five-membered system
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Scheme 6.Formation of bicyclic imidazoles from 3,4,5,6-#tydropyridin-2-aminel(®) and 2-
halo-ketones.

Based on studies referred to above, and ignonmgirfluence that the ring structure may
exert, one might expedi2 and15 to exist predominantly in the imino fornmk2-imino and15-
imino, i.e. with the alkyl substituent (the ring metimgg on the amino nitrogen (Figure 1). Thus,
the imino form12-imino was used to rationalize the formation of 2,6-ggiaedione by reaction
with hypochlorite?” The imino tautomeric form of two antibacterial uxal products, 2-imino-3-
methylene-5-(carboxyt.-valyl)-pyrrolidine, and 2-imino-3-methylenet5{carboxy+-threonin-
yl)-pyrrolidine, seems firmly based, though cleaHgre are additional factors in these c&3es.

T ST O

12 12-imino 15-imino
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Figure 1. Possible tautomers of 3,4-dihydrekpyrrol-5-amine {2) and 3,4,5,6-
tetrahydropyridin-2-aminéelf).

Paper$"® dealing with ‘2-iminoazaheterocycles’ as inhibitoof nitric oxide synthase
isoforms also represent five-, six-, seven-, eighitrd nine-membered isomers with an exocyclic
imine unit. However, although the papers referhe biological activities of these iminoaza-
heterocycles, the experimental details make clegtrit is actually their protic salts (¢f, 2) that
are used in the bioassays; no indication is givieooaversion of the salts into a free amidine
(with an exocyclic imine). An IR investigation ofmédine tautomerism, includin@2 and 15,
showed unequivocally that such cyclic amidinestewisolly in the form having a cyclic imine
and an exocyclic amino grodp.2-Alkylamino analogues also exist with a ring imfi The
energy difference between exocyclic and endocyadiable bonds in favour of the endocyclic
isomer, long recognized for carbon-carbon doubleds®® must represent the significant
difference that favours the ring imine isomer otrer exocyclic imine.

We noted the representation I in the 12-imino form in one of the papers dealing with
imidazole formation by reaction with a 2-bromo-ke#ty — in this case pyridyl bromomethyl
methanones. As indicated above, the products wssegreed 2-substituted 6,7-dihydrétb
pyrrolo[1,2-a]imidazole 13 structures, whereas typical amidine reactivitye(descussion above)
involving the isomerl2-imino as represented in the paper, would have led tobS8tsuted
structures — significantly, exactly of the type cfésed in the 2013 patefit. We therefore
decided to repeat an example of the work describatiis papef® to determine the structure
unambiguously. We found that the reaction of bromthyl pyridin-2-yl methanond7 with
amidinel2 was not a clean process but TLC analysis of thdecproduct showed the presence
of predominantly one product, eventually obtained4% vyield (literatur® 54%) after iterative
purifications by silica gel chromatography.

Examination of the product by NOESY showed a weatkelation between H-7 and one of
H,-5 (see numbering on ORTEP representation belowl)cating formation of structurg8. To
confirm these findings, a suitable crystalline skampf the product was prepared by slow
evaporation from benzemepentane and subjected to X-ray crystallographayais (see below
and in the Electronic Supplementary Informationj. BRTEP representation of the structure is
shown in Figure 2: it is, as the paffecorrectly states, a 2-substituted 6,7-dihydkb-5
pyrrolo[1,2a]imidazole 18 (Scheme 7). It can be concluded that the produftdrimed not from
tautomerl2-imino but from tautomet?2 via a first intermediat&9.
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Scheme 7Synthesis of 2-(pyridin-2-yl)-6,7-dihydra=Bpyrrolo[1,2-a]imidazole and first
intermediate.

Figure 1 ORTEPrepresentation of the structure X8 with displacement ellipsoids drawn at the
30% probability level and H atoms shown as smdikesgs of arbitrary radii.

The X-ray analysis of a crystal df8 showed that this compound crystallizes in the
monoclinic P2/n space group with four molecules per unit cellnfrevhich one (shown in
Figure 2) constitutes a crystallographically indegent part. The 6,7-dihydra-bpyrrolo[1,2-
alimidazole (Py-Im) system is essentially planarhatite largest deviations from the best least-
squares plane being -0.063(0) A for atom C4. Thedtial angle between the plane of the Py-Im
system and the pyridine ring plane is only 0.83(3)

Conclusions
We think that it is misleading in amidine chemistoy consider “regioselectivity where two

nucleophilic centers are presefit this is not the case. One nucleophilic centistgxor each
tautomer — there are two tautomers and the nucikopkntre is different for each. In thinking

Page 224 °ARKAT-USA, Inc.



about reactivity, it is important to consider badlutomers and always to remember that it may
be the less stable isomer that has the more nualaoinine nitrogen.

Experimental Section

General. Analytical thin-layer chromatography was perfornwedsilica gel 60 F-254 plates and
visualized by UV light or iodine stain. Silica ggiromatography was performed using silica gel
(60 A, particle size 40-63 nmiH NMR spectra were recorded at 400 MHz S@INMR spectra

at 100 MHz. The chemical shifts f0H NMR and **C NMR were referenced to TMS via
residual solvent signals (1H, CQCit 7.26 ppm:*C, CDCE at 77.36 ppm*H, DMSO-d6 at
2.45 ppm;C, DMSOd6 at 39.43 ppm). Microwave reactions were perforrimedn Initiator
single mode reactor producing controlled irradiatet 2450 MHz and the temperature was
monitored using the built-in online IR sensor. LM as performed on an instrument equipped
with a CP-Sil 8 CB capillary column (50 x 3.0 mnariicle size 2.6um, pore size 100 A)
operating at an ionization potential of 70 eV usan@HCN/H,O gradient (0.05% HCOOH).
Accurate mass values were determined on a mass@peter equipped with an electrospray or
electron impact ion source and 7-T hybrid ion t(BpQ) or TOF detector, respectively. All
microwave reactions were performed in sealed Pyresrowave-transparent process vials
designed for 20 mL reaction volumes. Reagents \pemehased at the highest commercial
quality and were used without further purificatidolvents used for extraction and silica gel
chromatography (dichloromethane, methanol and aegtavere used without purification or
removal of water.

Synthesis of 3,4-dihydro-21-pyrrol-5-amine hydrochloride (12). Prepared via a modified
version of the literature procedur.An ethanolic solution of ammonia (10 mL) was prepa

by bubbling gaseous ammonia through absolute etlan® °C until a saturated solution was
obtained (typically within 20 minutes). To this wadded 4-chlorobutyronitrile (2.90 g, 28.01
mmol) at ambient temperature. The resulting sofuti@s heated in a sealed Pyrex vial designed
for 10-20 mL reaction volumes by microwave irraidiatat 130 °C for 8 h. After cooling to
ambient temperature, the reaction mixture waseckatith chilled diethyl ether and the resulting
precipitate collected by filtration to vyield a wisolid (2.02 g, 60%)*C NMR (100 MHz,
DMSO-d6) § 171.3, 47.5, 30.7, 20.7. M.p. 148-150 °C (lit. #7A72.8 °C)*

Synthesis of 2-(pyridin-2-yl)-6,7-dihydro-31-pyrrolo[1,2-a]imidazole (18). Following the
literature procedur® the title compound was obtained after iterativefimations by silica gel
chromatography (DCM/MeOH/acetone 9:0.5:0.5) aslauwtess solid (23 mg, 14%); mp 129-
130 °C (from benzene/n-pentan&)t NMR (400 MHz, CDCJ) & 8.49 (ddd, J 4.9, 1.8, 0.9 Hz,
'H), 7.90 (dt,J = 8.0, 1.1 Hz!H), 7.66 (ddd,) = 8.0, 7.4, 1.8 HZH), 7.07 (ddd, J 7.5, 4.9, 1.2
Hz, 'H), 4.01 (dd,J = 7.6, 6.7 Hz, 2H), 3.03 — 2.82 (m, 2H), 2.61 (d&; 7.7, 6.7 Hz, 2H)**C
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NMR (100 MHz, CDC}) & 155.3, 154.1, 149.4, 146.9, 136.9, 121.6, 1193 7, 45.1, 26.4,
23.4; MS (ESI) calcd. for £H12N3 [M™H'] m/z186.1022, founan/z186.1031. A single crystal
of the title compound was grown using the vial-iakynethod (benzene/fentane) and analysed
by X-ray diffraction.

Crystallographic data for 18. Ci;H1iN3, M=185.23; monoclinic;P2/n; a=7.6888(3)A,
b=11.9124(4)A,c=10.9184(4)A andf=107.043(4}; V=956.13(6)R; Z=4 molecules per unit
cell; D&=1.287 g/cr; F(000) = 392; crystal size 0.58 x 0.43 x 0.12 mm. Difffaatdata were
collected at 293(2) K, using an XCALIBUR3 CCD diffractometer with graphite-
monochromated CuKradiation. The structure was solved by direct méshand refined by full-
matrix least-squares off using the SHELX-97 program packateThe non-hydrogen atoms
were refined anisotropically. The hydrogen atomsawist localized in difference Fourier maps
and next treated as riding atoms in geometricdialized positions, with C—H distances of 0.93
(Csp) and 0.97 (CsP, and withUiso(H) = 1.Jeq(C). R=0.0406 for 1525 unique reflections
with | > 20(1); R=0.0444,wR =0.1196 andS=1.052 for 1707 unique reflections and 128
parameters. Full crystallographic data are containeCCDC n0.1038693and can be obtained
free of charge atwww.ccdc.cam.ac.uk/conts/retrieving.htmbr from the Cambridge
Crystallographic Data Centre.

Hirshfeld surface analysis for 18

In order to visualize and analyze the intermolecutderactions in the crystal structure of
compound18, the CrystalExplorer 3.1programt* was used. This enabled us to construct the
three-dimensional Hirshfeld surface of a molecute the crystaf> which illustrates the
interatomic contacts with distances equal to tha sfithe van der Waals radii (represented as
white) and with distances shorter (red) and lon@ewe) than the values of this sum. This
program was also used to obtain the fingerprintsgfowhich are the two-dimensional (2D)
representations of this surface, and are genelatseld on thd. andd; distancesde andd; are

the distances from the Hirshfeld surface to therestaatom outside and inside the surface,
respectively). For a more detailed description,apde refer to the electronic supplementary
information and references below.
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