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Abstract - The reaction of 3-phenyl-3-chloro-2-oxopropanoic acid derivatives with

sodium azide proceeded unexpectedly with the formation of oxazolines via

intermediately forming a-azido- and/or a-imino ketones.

It is well known that reactions of a-halo ketones with sodium azide under mild conditions produce

corresponding a-azido ketones, which undergo the loss of nitrogen to give imidazoles and a-imino

ketones when heated from 180 to 240 °Cin an inert solvent.' According to the analysis of both literature

data and our own results, the path of the reaction with mono-* and. polynucleophiles® are expected to be

affected by the functional groups in a-chloro ketone moiety, and also by the halogen atom. During our

investigations on the chemistry of 3-aryl-3-chloro-2-oxopropanoic acid derivatives, which are easily
available from Darzens condensation of dichloroacetates and aromatic aldehydes, we have
elaboratedseveral different methods for the synthesis of various heterocyclic compounds such as

thiazoles,® quinoxalines,® thiazolo[3,4-alquinoxalines,” oxatiin, ditiines,? thiadiazines.® These methods
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are based mainly on the esters and amides of 3-phenyl-3-chloro-2-oxopropanoic acid, which undergo
smooth cyclocondensation reactions with various binucleophiles having the same or different nucleophilic
centers. As a further development of our program, we report here a study on the reaction of 3-phenyl-3-

chloro-2-oxopropanoic acid derivatives (1) with sodium azide. Alkyl azides with electron-withdrawing

groups in a-position will give promising intermediates in the synthesis of various heterocycles. Azido

moiety reacts as a dipolar as well as an imine group depending on the experimental conditions and on the

character of the reagents used.

The reaction of a-chloro ketones with sodium azide was carried out according to the method described by

Boyer and Straw.! In contrast to the known reactions reported,' the present reactions of 3-phenyl-3-
chloro-2-oxopropanoic acid derivatives with sodium azide gave final products possessing four nitrogen
atoms (for Sa and 5§b): one nitrogen atom of heterocycle and three others of azido group. Their IR spectra
show the presence of N; (2102-2110 cm™), and OH (3214-3748 cm™) groups side by side with esters
(1750-1755 cm™), amide (1715 cm™), and imino groups (1600, 1570 cm™) in the composition of the
products. In the 'H and '*C NMR spectra of the crude products the doubling of all signals occurs, the
ratio of signal intensities depending on the reaction time and solvents used. On the basis of these data the
reaction is suggested to proceed along the pathway shown in the Scheme 1.

The structure (5a) was unambiguously confirmed by single crystal X-Ray diffraction study (Figure 1).
The system of H-bonding in crystals is also shown in Figure 2.

It is interesting to note that in the case of amide derivative (1¢) (R = N(i-Pr),, the final product of the
reaction is 2-(a-iminobenzoyl)oxazoline (6¢) and not 2-(a-azidobenzyl)oxazoline (5¢). The physical
properties ( mp, IR, NMR spectra) of oxazoline (6 ¢) are identical with those of the sample obtained from

the dimerization of pure a-imino ketone (3¢).

It should be pointed out that in the boiling solution of methanol or benzene in the presence of catalytic
amount of sulfuric acid, oxazoline (5a or 5b) converts into open-chain tautomeric form 4 until the
equilibrium between the two tautomers is established, although compound (4) was not isolated. The
evidence for this fact was obtained from the signals of the NMR spectrum of the sample obtained after
approximately one hour boiling of the solution containing 5a or 5b. Further boiling of the solution does

not cause any changes in the ratio of NMR signals.
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Figure 1. ORTEP view of oxazonline (5a)



Figure 2. The system of H-bonding in crystals.

Thus, in contrast to the cases described in literature’ which indicated that the reactions of o-chloro ketones
with sodium azide lead to the formation of imidazolo derivative (7),' this study demonstrates the new
direction in the reaction of a-chloro ketones with azide anion, leading to the formation of Sa, 5§b, and

6c.

EXPERIMENTAL

Infrared spectra (IR) were recorded on a PT/IR-5000 spectrometer. 'H and >C NMR spectra were
recorded from CDCI, solutions on Varian Gemini 200 (1H: 199.98 MHz, *C: 50.23 MHz) spectrometer.

The solvent (CDCL,) signal was used as internal standard, which was related with & 7.26 ppm for 1H and
77.0 ppm for >C. Melting points were determined on a Mel-Temp-II hot stage microscope and are

uncorrected. Elemental analyses were performed at the YANACO CHN-Corder MT-3.

General Procedure for the Preparation of 1,3-Oxazolines (5).
To an ice cooled solution of a-chloro ketone (1)* (0.1 mol) in 75 mL of ethanol and 12 mL (0.2 mol ) of
glacial acid, a cold solution of 13.0 g (0. 2 mol) of sodium azide in 2 mL of water was added and the

resulting mixture was placed into refrigerator for 5 days with intermittent shaking. The mixture was

evaporated under reduced pressure and the residue was poured into ice-cooled water (150 mL). The



mixture was extracted with CHCI, (4 x 50 mL) and combined extracts were washed with water, dried
(MgSO,), and evaporated under reduced pressure. The residue was recrystallized giving pure 1,3-

oxazoline (5).

2,5-Bismethoxycarbonyl-2-(a-azidobenzyl)-4-phenyl-5-hydroxy-1,3-oxazoline-3 (5a):

mp 192-194 °C ({PrOH-MeOH), yield 83%. 1H-NMR (CDClL): 3.69 (3H, s, CH3), 3.76 (3H, s, CHz),
470 (1H, s, OH), 538 (1H, s, CH), 7.35-7.98 (10H, m, 2C¢Hs). Anal. Calcd for C5oHgN4Og: C,
58.56; H, 4.39; N, 13.65. Found: C, 58.63; H, 4.41; N, 13.54.

X-Ray Analysis of 5a

Empirical formula C;9H;18N4Os, formula weight 410.2, mp 192-194 °C (iPrOH-MeOH), crystal system
triclinic at 20 °C, unit cell dimensipns (from 25 high angle reflections) lattice parameters: a=6.066(2),
b=7.822(2), c=10.861(1) A, a=73.90(2), B=83.43(2), y=81.95(2)°, V=489(2) A3, d(ca1)=1.39 g/em3,
Zzi, space group P1. The unit cells parameters an intensities of 1484 reflections were measured on a

automatic four circle diffractometer "Enraf-Nonius CAD" (AMoKa, graphite-monochromator (w/2©

scaning, ©<26.39). The structure was solved by the direct method using the SIR program and refined

initially in the isotropic approximation, and then anisotropic approximation. All of the H-atoms were
identified from the differential series, and their contributions to structural amplitudes were taken into
account iﬂ the final cycles of the refinement with fixed positional and isotropic thermal parameters. The
final value of the residual factor: R=0.059 (R,=0.076) over 1231 reflections with F3>3s (the unit weight
scheme was used). All of the calculations were carried out on a DEC Alpha Station 200 computer with
MolEN program complex.

All of atomic parameters, bond length and angles, torsion angles are collected in Tables 1 and 2.

2,5-Bisethoxycarbonyl-2-(a-azidobenzyl)-4-phenyl-5-hydroxy-1,3-oxazoline-3 (5b): mp

154-155 °C ({PrOH), yield 74%. 'H-NMR (CDCl3): 1.25(3H, t, J =7 Hz, CH3), 1.28 (3H, t, J =7 Hz,
CH3), 4.129 (1H, q, J=7 Hz, one proton of CHj), 4.136 (1H, q, J =7 Hz, one proton of CH;), 4.223
(1H, q, J =7 Hz, one proton of CHy), 4.226 (1H, q, J=7 Hz, one proton of CH,), 4.71 (1H, s, OH),
535 (1H, s, CH), 7.35-7.98 (10H, m, 2CgHs). Anal. Calcd for - CooH,oN4Og: C, 60.29; H, 5.02; N,
12.78. Found: C, 60.16 H, 5.23; N, 12.64.

2,5-Bis-(N, N-diisopropylcarbamoyl)-2-(a-iminobenzylidene)-4-phenyl-5-hydroxy-1,3-

oxazoline-3 (6¢): mp 179-181 °C (MeOH), vield 74%. IR (KBr): 3255 (OH), 3010-3100, 1640, 1630
(amide C=0), 1600 , 1570 (C=N), 1330, 1285, 1210, 1110, 1085, 1045, 1000, 840, 790, 770 cm™. 'H-
NMR (CDCl3): 0.549 (3H, d, J=6.4 Hz, CHz), 0.827 (3H, d, J=6.6 Hz, CHz), 0.876 (3H, d, J=6.6
Hz, CH3), 1.057 (3H, d, J=6.2 Hz, CHs), 1.086 (3H, d, J=5.6 Hz, CHy), 1.343 (3H, d, J=6.8 Hz,
CHj), 1.367 (3H, d, J=6.6 Hz, CH3), 1.473 (3H, d, J=6.8 Hz, CH3), 3.161 (1H, sept, J =6.8 Hz,
CH), 3.411 (1H, sept, J=6.6 Hz, CH), 3.928 (1H, sept, J=6.4 Hz, CH), 4.202 (1H, sept, J=6.4 Hz,
CH), 7.32-8.48 (10H, m, 2C¢Hs), 10.91 (1H; br s, NH). 13C-NMR (CDCl3): 18.63, 18.87, 18.98,



19.06, 19.13, 19.18, 21.17, 21.37 (CH;3x8), 46.90, 47.73, 48.41, 48.89 (CHx4), 104.01 (C,), 112.13
(Cs), 127.95, 128.26, 128.58 (C;),128.69, 129.0, 130.81, 132.28, 134.91 (C;) (aromatics), 164.30
(C=0), 164.70 (C=0), 126.55 (C=NH), 170.85 (C4). Anal. Calculated for C3qH4oN4O4: C, 69.25; H,
7.69; N, 10.76. Found: C, 69.54 H, 7.41; N, 10.43. ‘

N, N-Diisopropylamide-3-imino-2-0xo-3-phenylpropionamide (3¢). To the ice cooled solution
of a-chloro ketone(l €)(0.1 mol) in DMF (50 mL) and MeOH (50 mL) was added a solution of NaN3 (0.2

mol) in 5 mL of H>O. After 4 h at 0-5 °C the cooling bath was removed and the solution was further
stirred overnight. The solution was diluted with 150 mL of CHCl3, washed with water, the organic layer
was dried over anhydrous MgSO,4 and evaporated in vacuo. The residual oil became crystal, after

recrystallization from hexane was obtained compound (3¢): mp 164-166 °C (Hexane), yield 81%. 1H-
NMR (CDClz): 0.69 (3H, d, J=6.4 Hz, CH3), 0.861 (3H, d, J=6.4 Hz, CH3), 1.181 (3H, d, J=6.8
Hz, CH3), 1.427 (3H, d, J=6.8 Hz, CH3), 3.276 (1H, sept, J=6.8 Hz, CH), 3.891 (1H, sept, J=6.4
Hz, 'CH), 6.869 (1H, s, NH), 7.318-8.105 (5H, m, 2C6H5).‘ I3C-NMR (CDCl3): 19.01, 19.07, 19.98,
20.09 (CH3x4), 47.50, 48.58 (CHx2), 127.13 (C=NH), 128.10 (C,), 128.49 (C,,), 131.11 (Cp),
134.50 (Cy), 166.30, 166.94 (C=0x2). Anal. Calcd for CysHoN,Op: C, 69.25; H, 7.69; N, 10.76.
Found: C, 69.47; H, 7.76; N, 10.49.

The Dimerization of Imine (3c¢): The solution of 2.6 g (0.01 mol ) of imine (3¢) in 50 mL MeOH
was refluxed for 1 h, then allowed to cool to room temperature. The forming crystal was filtrated and
dried, giving 2.4 g (92%) of oxazoline (6¢).
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