SYNTHESIS, STRUCTURE, AND SPECTRAL PROPERTIES OF SOME BIOXAZOLES
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Syntheses of systems containing two oxazole rings [2'-phenyl-, 2'-(2-furyl)-, and
2'-(2-thienyl)~2,5"'-bioxazoles, and 2,2'-(2,5-furylene)bisoxazole] from aldehydes
obtained by formylating 2-phenyl-, 2-(2-furyl)-, and 2-(2-thienyl)oxazole have been
developed. Terephthalate and thiophen—Z,S—dicarboxylate esters have been used to
obtain 2,2'-(1l,4~phenylene)~ and 2,2'-(2,5~thienylene)bisoxazoles. The PMR, UV, and
luminescence spectra of these systems have been examined, and quantum chemical calcu—
lations carried out in the PPP approximation.

We have previously [1, 2] developed syntheses of 2-phenyloxazole (Ia), 2-(2-furyl)oxazole
(Ib), and 2-(2-thienyl)oxazole (Ic) by aromatization of the oxazolines by treatment with
nickel peroxide. Some electrophilic. substitution reactions of 2-phenyloxazole have been
studied [1, 3], and it has been shown that under conditions which do not permit protonation of
the nitrogen atom with consequent deactivation of the heterocycle the substituent enters in
the 5-position of the oxazole nucleus. The possibility of formylating the oxazole ring is
particularly attractive [1], since this would give a new C—C bond and introduce a functional
group capable of a wide range of subsequent reactions.

The aim of this investigation was to examine the formylation of the 2-hetaryloxazoles
(Ib) and (Ic), the conversion of the aldehydes so obtained and of the previously-synthesized
[1] 2-phenyloxazole-5-aldehyde (Ila) into systems containing two oxazole rings, and a study
of the spectral properties of the latter.

The hetaryloxazoles (Ib, c¢) contain fragments of activated heteroaromatic compounds with
one heteroatom. For this reason it might be expected that the formyl group would enter,
either exclusively or predominantly, the furan (or thiophen) ring rather than the oxazole
ring. However, formylation of the thienyloxazole (Ic) gave 85% of a single compound, 2~(2-
thienyl)oxazole~5-aldehyde (IIc), the structure of which was confirmed by its PMR spectrum,
which contained signals for three thiophen ring protons with typical coupling constants
{Jsy 3.7 and Jys 5 Hz) in the aromatic region together with a singlet for the proton of the
oxazole ring and a singlet at lower field for the aldehyde proton (Table 1), This finding is
understandable, bearing in mind that the systems under consideration (Ia-c), unlike their bi-
phenyl analogs, have two rings that are not equivalent, so that transfer of electron den-
sity to the oxazole moiety takes place. This follows from quantum chemical calcula-
tions for 2-phenyloxazole carried out in the valence approximation by the CNDO/2method [4].

TABLE 1. PMR Spectra of Hetaryloxazolealdehydes (IIb), (IIc),
and (III) (in deuterocacetone)

v Chemical shifts, 8, ppm Coupling constant J, Hz
B - .

S | oxazole ring thiophen (furan) ring

é - cHo | 45 | 3w | w5 | o
8 4-H 5H 3-H H 5-H
e | 8,07 - 785m |7.25d.d |785m {98s | — [37 | —* |50
lib|8,19s — | 740d.d [6,79d,d | 794 d.d | 9865 — |} 3761 09 | 1,80
111 {7.44d {817d |731d 762 d — 9,78 s 05 | 376 | — —_

*As a result of the superimposition of the 3'-H and 5'-H signals,
it was not possible to measure the value of Jjtgr.
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Fig. 1. Distribution of m~electron density in 2-aryl- and
2-hetaryloxazoles (Ia-c). :

TABLE 2. PMR Spectra of 2-Aryl- and 2-Hetaryloxazolines

Chemical shifts, &, ppm
: oxazoline inoTl benzene, thiophen or furan
Compound Solvent ring* oxazolering ring
4 | 51 |vH |5H o5 b oy
4,5-Dihydro-2- | CCl, 397 408 | — | — |776m 7.22m
phenyloxazole (2H) (3H)
4,5-Dihydro-2~ CCla 4,07 | 4.22 e — 1749 d.d {697d.d }7,35d,d
(2-thienylox~
azole
4,5~Dihydro~2~- CDCl; 4,10 1 4,20 — — {6874 6,38d,d | 7,45d
(2~fur¥I\x oxX~
Vilia CDCEL 442 1 428 | 7,52 — ]820m 755 m
{2H) {3H)
Viilb** CDhCl G041 429 | 765 — {721d 6,69d,d |793d
Vlllcf{ (CD3)CO | 4,07 | 4,36 | 7,80 — | 7,78d,d {7,20d,d 1767 d.d
1X CDCl 4,19 1 431 | 7,23 } 7,70 7.06s (2H)
Xa CDCly 4,20 | 4,31 — — 7,978 (4H)
Xe CDCly 4,20 | 4,33 —— — 7,275 (2H)

*Signals seen as partially overlapping multiplets, Jys ~ 7-8 Hz.
tSignals seen as singlets, splitting with Jys5 > 0.7 Hz not seen
in the spectra (60 Miz).

FIn the thiophen ring Ju~d. Juxl5 Jev55s He.

*%In the furan ring, /=35, /§>25 Hz.

Quantitative evaluation of the electron-acceptor capacity of the 2-oxazolyl residue in systems
(Ia-c) may be made from 13¢c ¥R spectroscopic data for (Ia) [4], from which it follows that
this residue functions as a substituent in the benzene ring with a ¢ + value of 0.33, i.e.,

it is intermediate in its deactivating effect between the bromine atom (op+ 0.23) and COOH
(op 0.45).

We have here used the Pariser—Parr—Pople (PPP) method [5, 6] to calculate the distri-
bution of w—-electron density in the molecules (Ia-c). The results are shown in the molecular
diagrams (Fig. 1). It will be seen that in 2-phenyl- and 2-(2-thienyl)oxazole sites with the
highest m-electron density are the 5~positions of the oxazole ring, which is in accordance
with the directivity of formylation. Only in the case of 2-(2-furyl)oxazole (Ib) are the
free positions of the furan ring comparable in their m-electron density to that at the 5-
position of the oxazole ring. This is in agreement with the results of the formylation of
(Ib), in which around 90% of a mixture of 2 (2 furyl)oxazole- N aldehyde and the isomeric
2—-(5-formyl-2-furyl)oxazole (III) is obtained in a ratio of 1:2 (according to GLC and PMR).
The isomers (IIb) and (III) were separated by column chromatography on silica gel, and the
structures confirmed by PMR spectroscopy (Table 1).

N Me NCHO ey N
L S-r - L]
X w 0" cHo omc” o7 o7
fa~g na~c m
Lilg ¥~CH=CH; b X~0; C X=8

Oxidation of the aldehydes (Ila, c¢) and (III) with Jones' reagent, and of (IIb) with
silver oxide, proceeded smoothly to give the acids (IVa—c) and (VII). Reaction of the latter
with ethanolamine gave the N-(2-hydroxyethyl)amides, which were then normally without iso-
lation in the pure state reacted with thionyl chloride followed by potassium hydroxide to
give readily 4,5-dihydro~2'-phenyl- (VIIla), 4,5-dihydro-2'-(2-furyl)- (VIIIb), 4,5~dihydro-
2'—thienyl)~ (VIIIc), and 4,5-dihydro~2,2'-(2,5~furylene)bisoxazole (IX}.
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TABLE 3. PMR Spectra of Bioxazoles (XIa-c) and (XIIa-c)

G Chemieal shifts, 8, ppm
Pgﬂd‘ oxazole ring benzene, furan, or thiophen ring

41 6-H 411 -1l (3-H) -t (4-H) I p-H (5-H)
Xla 7,175 7.51s 7,518 8(,:12‘12{m 740 m (3H)

)

XIb 7,39d 8,37d 7,858 7,27 d.d 6,74 d,d 7,88 d.d
Xle 7.4ls 8,123 7.81s 7,85 d.d 7,27 d.d 7,79 dud
Xila 7,768 8,175 — 7,308 (41 e
X1 hse 7,36 8 8,08 s e 7,258 (211) e
Xile 7,60 8 792 s 723 8 (2H) —

*Solvent for (XIa), CCl,; for (XIb, c) and (XIIb, c), (CD3)2CO;
and for (XIIa), CDCls.

+In the spectrum (250 MHz), splitting of the oxazole ring protons
was seen (Jys = 0.7 Hz), and also of the furan ring protons Js.
3-5, JSS = 0-7, Jhs = 1.8 Hz.

F#In the 60 MHz spectrum, the protons of the oxazole ring are seen
as broadened singlets, coupling constants in the thiophen ring:
Jzy, = 3.5, J35 = 1.0, J,; = 5.0 Hz.

*%In the oxazole ring Jys = 0.7 Hz.

Heme | 1] = IO A B
X 0 Ccoon 0 COONe X “ o .
wva=¢ via=¢

HOCILCH NY vina-c

S R e

wewe 0 n Bone o : 0
v vii IX

Similarly, dimethyl thiophen-2,5-dicarboxylate (obtained from adipic acid by a modifi-
cation of the standard methods [7, 8]) was converted via its N-(2-hydroxyethylamide) into the
bisoxazoline (Xc). However, the benzene analog (Xa) was obtained in low yields on successive
treatment of terephthalic acid NN'-bis-(2-hydroxyethyl)amide with thionyl chloride and po-
tassium hydroxide. This N-(2-hydroxyethyl)amide was therefore converted into the sulfate by
treatment with sulfuric acid, and this on treatment with sodium hydroxide gave (Xa).

i 1. socl,
L s UL )
HOCH,CH,NHOC* "X~ ™ CONHCH,CH, OH
a=¢

- X
3 A
‘ H,50, e -

[TN..... _”\ - "/v'

HO,SOCH,CH,NHOC ~ * ¥° " CONHCH,CH,050,H

The structures of the oxazolines (VIIIa-c), (IX), and (Xa, c) followed from the methods
of synthesis and were in accordance with their PMR spectra (Table 2). In the same Table are
given for comparison the PMR spectra of 2-phenyl-, 2-(2-furyl)-, and 2-(2-thienyl)-oxazolines,
the preparation of which has been described previously [1, 2].

On treatment with nickel peroxide, the oxazolines (VIIIa-c) were converted into the
corresponding 2'-phenyl and 2'-hetaryl-~2,5"'-bioxazoles (XIa-c), and (Xa), (IX), and (Xc) into
p-phenylene-2,2'-bisoxazole, 2,5-furylene-2,2'-bisoxazole, and 2,5-thienylene-2,2'-bisoxazole
(XIIla-c) respectively. As in the preparation of 2-aryl- and 2-hetaryloxazoles [2], the
corresponding carboxamides were obtained as by-products, but the yields of the required
compounds, particularly in the cases of the biscaxazolines (Xa, c¢) and the furyl-substituted
oxazoline (VIIIb), were much lower than in the syntheses of the monooxazoles (Ia-c). The
PMR spectra of (XIa-c) and (XIIa-c) demonstrate their aromatic character and confirm their
structures (Table 3). The yields, melting points, and elemental analyses for (II-XII) are
given in Table 4.
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TABLE 4. Properties of the Compounds Obtained

Com-~ . Found, % Empirical Calculated, % Yield,
pound mp, °C formula %
o H | Ny c H | NS
Iia 72—74 85
1tb 158~ 159 59.3 | 3,1 3.8 CgHsNO; 58,9 3,1 8,6 27
Ife 110—]112 534 | 3,0 8,1 CsHsNO,S 536 | 28 7.8 85
(175) (17.9)
I 133—136 - e 8,6 CgHiNQO, 589 [ 3,1 8,6 40
Iva 217218 | 634 | 39 7.6 CoHNO; 63,5 | 3,7 7.4 77
Vb 242243 | 53,7 | 27 7.9 CglHzNOy 536 | 2.8 7.8 91
(decomp.)
Ive 245250 497 1 3,3 7,1 CgHsNO;S 492 | 2,6 7,2 78
(decomp.) (16,1) {(16,4)
A% 229--231 533 | 286 7,6 CgHsNO, 536 | 2.8 7.8 46
(decomp.)
Via 9091 65,2 4,4 6,8 CyHNOy 65,0 4,5 6,9 97
Vib 1i6—118 56,2 | 4,0 7,1 CoH7NO, 56,0 | 3,7 7.3 91
Vie 108—109 51,7 3,5 6,8 Coll;NO,S 51,7 3,4 6,7 90
(15.2) (15.3)

VI 8789 58,2 | 46 6,h CiuHaNOg4 58,0 | 44 6,8 66
villa 118—119 66,6 | 4,6 12,8 CioH1oN3O; 67,3 | 47 13,1 91
Viib 138139 596 | 3,7 13,1 CoHgN,O3 588 | 3.9 13,7 83
Ville 119—121 54,2 | 38 12,8 C,oHeN20.S 54,5 | 3,7 12,7 62

(14.4) (14.6)
IX 182—184 58,7 | 3,8 14,1 CoHsN,O3 588 | 39 13,7 91
Xc 136—138 539 | 44 12,5 CioH1oN20ORS | 54,0 45 12,6 90
(14,2) (14,4)
Xla 113—115 679 | ,3,6 13,7 C12HsNoO2 679 | 3,8 13,2 39
X1b 115—117 594 | 34 13,6 CoHgN2O3 594 [ 3,0 13,9 14
Xle 94--95 55,6 | 2,7 13,0 CyoHgN20sS 55,0 | 2,8 12,8 34
(14.7) (14,7)

Xlla 221-222 1 677 { 3,7 13,1 CyoHgN,0s 679 § 38 13,2 8

XIIib 177—-179 | 594 | 3,3 13,6 CioHaN20s 59,4 1 30 13,9 26

Xlle 124128 553 | 3,1- | 13,1 CoHsN,02S 55,0 | 2,8 12,8 16

(14.6) (147)

*Compounds (IIa), (VIIIa, b), (IX), (Xc), and (XIb, c¢) were
crystallized from hexane; (IIb, ¢), (III), (VIa-c), (VII),
(XIa), and (XIIb, c¢) from heptane; (VIIIc) from propan-2-ol,
and (XIIa) from ethanol.

+For elemental composition and empirical formula, see [2].

e —= 1011
X1a~¢C

T —— “—%T—UQM‘:‘II - i
X ~0”

|
~a7

xia=c

Examination of the UV absorption and fluorescence spectra for the bioxazoles (XIa~c) and
(XIIa-c) shows that these compounds absorb strongly and fluoresce efficiently in organic
solvents (Table 5). Their spectral properties have much in common, despite the fact that they
differ considerably in the positions of the absorption and fluorescence maxima. For instance,
in spectra of all the compounds the w,7* bands predominate, which is typical of heteroaromatic
systems. The PMR data (Table 3) for these compounds (XIa-c) and (XIIa-c) show them to possess
a general aromatic m-system (for criteria of heteroaromaticity, see [9]). The absorption spec-—
tra show that, in all instances, the most intense is the long-wavelength band. This band is the
widest, and is generally structureless; only in a few cases does vibrational structure appear.
The fluorescence spectrum is virtually a mirror image of the absorption spectrum.

When polar solvents are used instead of neutral solvents, the maxima of the long-wavelength
bands in the absorption spectra and the fluorescence band are shifted to longer wavelengths.
The effect of solvent on the position of the long-wavelength maximum is quite small, no greater
than 12 nm (Table 5). The fluorescence bands are shifted to longer wavelengths by between 2
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Fig. 2. Distribution of m-electron density and
The values of the m-charges in the ground state
the excited state Sp.x (in the numerator). The
given in the ground and excited (indicated by
(%) are given above the rings.

and 22 nm. Consequently, the Stokes shift (Av = Vfluor — Vabs) 1s dependent on the solvent
and on the compound; for spectra obtained in.cyclohexane and alcohol, it varies from 34 to 80
nm. This dependence of the magnitude of the Stokes shift on solvent is apparently due to
changes in molecular configuration on excitation [10]. The compounds examined here may exist
as several conformers, of which that which is the most stable in a given solvent predominates.
The tricyclic structure of (XIa-c) and (XIIa-c) is formed from a combination of one benzene,
furan, or thiophen ring with two oxazole rings, the three rings being either coplanar, or
rotated relative to each other.

In order to interpret the absorption and luminescence spectra, quantum chemical calcu-
lations of the electronic structures of (XIa~c) and (XIIa-c) were carried out using the PPP
method [5, 6]. The calculations were carried out for coplanar molecules with different
orientations of the rings relative to each other. The calculations showed that the conformation
shown in Fig. 2 is the most llkely. Molecular diagrams of the distribution of m-electron
density both in the ground. (s°) and excited states (Sﬂﬂ* ) show that the nitrogen atom of the
oxazole ring carries a substantial negative charge, and may function as an electron-donor,
whereas the oxygen and sulfur atoms may function as strong and weak electron-acceptors re-—
spectively, the magnitude of the m—-charges on these atoms varying little on excitation. It
is necessary to bear in mind that the.carbon atoms in the free positions of the oxazole rings
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m-bond orders in bioxazoles (XIa-c) and (XIIa-c).
S° are given at the atoms (denominator), and for
m-bond orders for the intercyclic bonds are

an asterisk) states. Excitation localizations

(the 5-position) carry an appreciable negative charge (n0.1 e), these charges being substan-
tially reduced on excitation when the n—electron density is transferred to the disubstituted
oxazole rlng and the benzene, furan, or thiophen moieties in the cases of structures (XIa-c),
or to the '"central" benzene, furan, or thiophen ring in (XIIa~c). A measure of the consider-
able redistribution of electron density taking place at the atoms and fragments of the mole-
cules on excitation is provided by the magnitudes of the intramolecular charge transfer between
fragments of the molecules [11, 12], the direction and magnitude of which depend on which ring
(benzene, furan, or thiophen) is present in the molecule. Intramolecular charge transfer is
greatest in the benzene ring and least in the thiophene ring.

In addition to changes in intramolecular charge transfer, bothtypesof systems (XIa-c and
XIIa-c) show successive bathochromic and bathyfluoric shifts in the absorption and fluorescence
maxima, and decreased quantum yields in the series of molecules containing the benzene, furan,
and thiophen rings. It will be seen that excitation results in substantial changes in all the
bond orders, the order of the intercyclic G bonds being particularly strongly increased, and
this enables the molecule in its excited state S’ - (i.e., at the instant of emission of a
quantum of light) to be regarded as being more planar than in the ground state s? The exci-
tation localization numbers indicate that approximately half of the excitation energy is local~
ized at the central fragment in (XIa-c) and (XIIa-c), through which charge transfer is also
effected. From the literature reports reviewed, in particular in [13], it may be assumed that
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TABLE 5. UV Absorption and Fluorescence Spectra of Bloxazoles

Come Maximum, nm Stokes shift, | Relative quantum
ound Solvent ield
d absorption | fluoresence | U+ P yleld m
Xla | Cyclohexane 302 366 54 0,37
Ethanol 302 378 76 0.48
X1b | Cyclohexane 310 360 50 0,35
Ethanol 314 367 53 0,36
XIc C&clohexane 318 398 80 0,18
Ethanol 320 400 80 0,17
XIla |{Cyclohexane 308 344 36 0,60
Ethanol 309 350 41 0,71
X1l |Cyclohexane IR 358 40 042
Ethanol 321 363 42 8?5
Xlle | Cyelohexa 337 384 47 y
E%'hanof xane 338 390 52 0,14

the introduction of chromophoric groups into the position. of maximum localization of exci-
tation (the 5-position in these compounds) will provide compounds with useful optical proper-
ties. 1In order to predict reliably the spectral and luminescent properties of the molecules
discussed here, it will be necessary to examine the dependence of the orbital character

and the relative distributions of excited states on their electronic structure (spatial
structure and type of heteroatom) [14]. Such a study will form the subject of succeeding
communications °

EXPERIMENTAL

Theoretical calculations of electronic structure and the properties of the molecules in
m~electronic approximation were carried out by the PPP methed [5, 6] using the Hinze—Jaffe
system of parameters [15]. Calculations were carried out using a program based on a modifi-
cation of the PPP method which has been described previously [16]. The two-center coulombic
integrals yyy were calculated from the Mataga—Nishimoto equation [17].

PMR spectra were obtained on Tesla BS-467 (60 MHz) and Bruker WM-250 radiospectrometers
with TMS as internal standard. The solvents used are given in the footnotes to Tables 1-3.

The electronic absorption spectra of the compounds in solution were measured on a Specord
M-4030 spectrophotometer. The spectra were recorded at room temperature. The concentrations
of the solutions were varied between 10~° and 10~° mole/liter. The accuracy of measurement of
the positions of the absorption maxima was not less than #10 em™!, of the optical density 1%,
and the molar extinction coefficient e .not less than *(3-4)%, depending primarily on errors in
the determination of the concentrations of the solutions. Absorption spectra were constructed
in the form of plots of the decimal molar extinction coefficient e against the frequency v,cm™!.

Fluorescence and excitation spectra were obtained on an SLM-4800S spectrofluorimeter (USA)
with two monochromators with holographic diffraction gratings with a linear dispersion of 2
nm/mm. Excitation was carried out with an Osram XBO-450 lamp (450 W). The spectra were re-
corded using a photomultiplier in two-channel mode. The spectra were recorded in the memory of
a microprocessor, and constructed usinga graph-plotter in the form of plots of quantum intensity
against wavelength A, nm, or frequency, v, cm™*. Fluorescence spectra were corrected on a
computer for the spectral characteristics of the photomultiplier used. The concentrations
of the solutions of the compounds under study were 107%-10"7 mole/liter. Measurement of quantum
yields for the compounds was carried out in dilute solution by a comparative method, by compari-
son with the quantum yield of a standard. The standard employed was anthracene, the quantum
yield of which was taken to be n = 0.22, in a concentration not exceeding,lO"5 mole/liter [18,
19]. The errors in the measurement of quantum yields were not greater than 10%. For optical
measurements, a standard quartz cell with an optical path length of 10 mm was used.

Chromatographic analyses were carried out on an LKhM-80 chromatograph with a flame ioni-
zation detector, stainless steel column 2 mm % 1.5 mm, 5% SE-30 on Chromaton N-AW-DMCS (A) or
2mm x 1.5 m, 15% Carbowax 20 M on Chromaton N-AW-DMCS (B), T 185°C, carrier gas nitrogen, 20
ml /min.

The properties of compounds (II)-(XII) are given in Table 4.

2-Phenyloxazole-5-aldehyde (IIa). To 6 g (41 mmole) of 2-phenyloxazole (Ia) in 20 ml of
DMF was added dropwise with stirring at 0-5°C 8.5 ml of POCl;, and the mixture stirred at the
same temperature for a further 10 min, then for 7 h at 95°C. The mixture was cooled, poured on
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to ice, extracted with chloroform, the extract washed with water, and filtered through a
layer of silica gel L 40/100 approximately 5 cm thick. The residue after removal of the
chloroform contained (GLC, column A) 93% of the aldehyde (IIa) and 7% of the oxazole (Ia).
Recrystallization from hexane gave 6.1 g (85%) of (1Ia), mp 72-74°C (cf. [1]). On a pre-
vious occasion [1], more severe conditions during the workup of the reaction mixture gave a
yield of ~60% of (IIa).

Formylation of 2~(2-Furyl)oxazole (Ib). The reaction was carried out as in the formy-
lation of (Ia), but the mixture was heated for 1.5h at 90°C until the starting material (Ib)
had disappeared (GLC, column B), and the cooled reaction mixture was neutralized with K,COj;
solution. From 4.6 g (34 mmole) of the oxazole (Ib) there was obtained 4.95 g (89%) of a
mixture of aldehydes (IIb) and (III) in a ratio of 1:2 (GLC, column B, and PMR). Chroma-
tography on a column of silica gel L 40/100, eluent chloroform, gave 1.5 g of (IIb) and 2.2 g
of (III).

2~(2-Thienyl)oxazole-5~-aldehyde (IIc). The conditions used for the formylation of (Ic)
were similar to those described above for the oxazole (Ia), except that the mixture was kept
for 5 h at 90°C. From 4.8 g (30 mmole) of (Ic) there was obtained 4.85 g of (IIc).

2-Phenyloxazole~5-carboxylic Acid (IVa). To a solution of 0.8 g (4.6 mmole) of the al-
dehyde (IIa) in 7 ml of acetone was added at 5-10°C a solution of 0.46 g of CrO3 in 1.5 ml
of water, followed by the dropwise addition of 0.35 ml of conc. sulfuric acid. The resulting
solution was stirred for 1 h at ~20°C, then poured into water and extracted with ether.
Following washing with water and drying over MgSO,, the ether was removed to give 0.67 g of
the acid (IVa). Acids (IVc) and (V) were obtained similarly.

2-(2-Furyl)oxazole~-5-carboxylic Acid {(IVb). To a solution of 1.65 g of silver nitrate
in 7 ml of water was added 0.75 g (4.6 mmole) of the aldehyde (IIb) and 30 ml of dioxane,
followed by the dropwise addition with stirring of a solution of 0.8 g of NaOH in 20 ml of
water. The mixture was stirred for 2 h at ~20°C, filtered, the solid washed with warm water,
and the combined aqueous dioxane solutionacidified with hydrochloric acid and extracted with
ether. The ether extract was washed with water, dried over MgSO,, and the ether removed to
give 0.75 g of the acid (IVb).

Methyl 2-Phenyloxazole-5-carboxylate (Via). To 2.5 g (13.2 mmole) of the acid (IVa) in
50 ml of methanol was added 0.5 ml of conc. sulfuric acid, and the mixture boiled for 6 h.
Excess methanol was distilled off slowly (over 2 h), and the residue poured into water,
extracted with ether, the extract washed with aqueous potassium carbonate, and dried over
MgSO,. Removal of the ether gave 2.38 g of the ester (VIa). Similarly obtained were the
methyl esters (VIb, c¢) and the ethyl ester (VII).

4,5-Dihydro-2'-phenyl-2,5'-bioxazole (VIIIa). To 2 g (10 mmole) of the ester (VIa) was
added 5 ml of ethanolamine, and the mixture heated for 3 h at 150°C (in a bath). The methanol
was then distilled off, followed by excess ethanolamine (at 170°C, 20 mm) (in a bath). To
the resulting N-(2-hydroxyethyl)amide of the acid (IVa) was added, after cooling and without
further purification, 8 ml of SOCLl;, and the resulting solution was heated for 1 h at 60°C.
Excess SOCl: was distilled off at 60°C (20 mm), and to the solid residue was added 6 g of KOH
in 10 ml of water and 10 ml of benzene. The mixture was boiled with stirring for 2.5 h,
then cooled and extracted with benzene. The benzene extract was washed with water, the benzene
removed, and the residue recrystallized from heptane to give 1.92 g of (VIIIa) (91%Z yield). 1In
one experiment, the intermediate N~(2-hydroxyethyl)amide of 2-phenyloxazole-5-carboxylic acid
was isolated in quantitative yield, mp 149-150°C (from benzene). Found, %: C 61.9; H 5.2;
N 12.0. C33H31,N»03. Calculated, %: C 62.13 H 5.2; N 12.1.

Oxazolines (VIIIb, c) and (IX) were obtained similarly from the esters (VIb, ¢) and (VII)
respectively, without isolation of the N-{2-hydroxyethyl)amides.

4,5,4',5"-Tetrahydro-2,2'-(1, 4~phenylene)bisoxazole (Xa). To 20 g of ethanolamine was
added portionwise at 140-160°C 8 g (41 mmole) of dimethyl terephthalate, and the mixture kept
for 30 min at 150°C. After cooling, the solid was filtered off, and washed with water and
chloroform to give 9.9 g (95%) of terephthalic acid bis~N-(2~hydroxyethyl)amide, which could
not be obtained in an analytically pure state. The bisamide (8.6 g) was added in small
portions with stirring to 8 g of conc. sulfuric acid, then conc. sulfuric acid (8 g ) was
added to the mixture with ice-cooling, and the resulting solution heated for 40 min at 140°C.
After cooling, 60 ml of absolute ethanol was added with cooling, and the mixture stirred for
10 min at ~20°C. The solid which separated was filtered off, and washed with two portion of
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15 ml of absolute aleohol to give 10.5 g (71%) of the acid sulfate of terephthalic acid bis-
N-(2-hydroxyethyl)amide, mp 192-193°C, which was dissolved without further purification in 100
ml of water. To this solution was added with stirring a cold solution of 50 g of NaCH in 100
ml of water. After keeping for 15 h at 20°C, the resulting suspension was boiled with stir-
ring for 5 h, the solid filtered off, and washed with water to give 2.7 g (50%) of the blsox-
azole (Xa), mp 241-243°C (for 1lit. value, see [20]).

4,5,4',5"'~Tetrahydro-2,2"'~(2, 5~thienylene)bisoxazole (Xc). To 15 g (103 mmole) of adipic
acid was added 80 ml of S0CI, and 1,3 ml of pyridine, and the resulting solution was boiled
for 24 h. Excess S0Cl, was distilled off, the bath temperature being raised gradually from
130 to 155°C. The residue was twice distilled in vacuo to give 13.1 g of thiophen-2,5~di~
carbonyl chloride, bp 150~152°C. (11 mm), mp 42-43°C, yield 61% (lit. values see [7, 21}1). To
4 g (19 mmole) of the diacid chloride was added 25 ml of methanol, the mixture becoming warm
and a solid separating. After keeping at room temperature for 20 min, the mixture was poured
into 300 ml of chilled water, extracted with ether, the extract washed with sodium carbonate
solution and water, dried over MgSOy, and evaporated to give 3.65 g of dimethyl thiophen-
2,4-dicarboxylate, mp 142~146°C, yield 95% (for lit. values, see [21]). To. 4.6 g (23 mmole)
of this diester was added 8 ml of ethanolamine, methanol distilled off over 2.5 h, bath temper-
ature 135~140°C, and the residue washed with water (2 x 20 ml), the solid being separated by
decantation. 'Filtration gave 4.16 g (73%) of thiophen-2,5~dicarboxylic acid bis-N-(2-hy-
droxyethyl)amide, mp 214-216°C, Recrystallization from alcohol gave a solid mp 220-221°C.
Found, %: C 46.1; H 5.7; N 10.5; 8§ 12.1. C1¢H34N»0,8. Calculated, %: C 46.5; H 5.5; N 10.8;
§ 12.4. Successive treatment of 4 g (13.5 mmole) of the bisamide with 35 ml of SOCl; and 20 g
of KOH in 40 ml of water as described above for (VIIIa) gave 3.11 g of the bisoxazoline (Xc).

2'~Phenyl-2,5-bioxazole (XIa). To a solution of 2.42 g (11.3 mmole) of the oxazoline
(VIIIa) in 80 ml of benzene was added 10 g of nickel peroxide [22], and the mixture boiled
with stirving for 1 h. A further 5 g of nickel peroxide was then added, and boiling continued
for 1 h (until starting material (VIIIa) was no longer present according to TLC on Silufol,
eluent chloroform). The mixture was filtered, the solid washed with benzene, and the com~
bined benzene solutions evaporated to give 0,94 g of the bioxazole (XIa) (Tables 3 and 4).
The solid nickel peroxide was washed with acetone, and removal of ‘the acetone gave 0.15 g (7%)
of 2-phenyloxazole-~5~carboxamide, mp 164-166°C (from chloroform). Found, %: N 14.9,
C10HgN202. Calculated, %: N 14.9. PMR spectrum [(CD3),C0l: 2.98 (s, 2H, NH,), 7.50 (m, 3H,
m~ and p~H of the benzene ring), 7.70 (s, 1H, 4-H), 8.15 ppm (m, 2H, o-H).

2'-(2~Furyl)-2,5"'"~bioxazole (XIb). From 0.3 g (1.5 mmole) of the oxazoline (VIIIb) on
treatment with 3.5 g of nickel peroxide as described in the previous experiment there were
obtained 0.04 g of the bioxazole (XIb) (Tables 3 and 4), and 0.18 g (67%) of 2~(2-furyl)-
oxazole-5-carboxamide, mp 148-150°C (from benzene). Found, Z: C 53.8; H 3.3; N 15.1.
CgHgNo0s. Calculated, %: C 53.9; H 3.4; N 15.7. PMR spectrum [{(CD3)}pC0}: 2.95 (s, 2H, NH.),
7.20(d.d., 14, 4'-H), 7.75 (4, 1H, 3'-H), 7.92 (s, 1H, oxazole 4~H), 7.97 ppm {d, 1H, 5'-H,
J3!4' = 4 Hz, Jyrst = 2 HZ). ’

2'-(2~Thienyl)-2,5"'~bioxazole (XIc). From 1.05 g (4.8 mmole) of the oxazoline (VIIIc)
on treatment with 7.3 g of nickel peroxide as described for the oxazole (XIa), there were ob-
tained 0.35 g of the bioxazole (XIc) (Tables 3 and 4) and 0.25 g (25%) of 2-(2-thienyl)-
oxazole-3-carboxamide, mp 144-145°C (from benzene). Found, %: N 14.3. CgHegN202S. Calcu~
lated, Z: N 14.4.  PMR spectrum [{CD3),C0T1: 2.99 (s, 28, NHp), 7.25 (d.d., 1H, 4'-H), 7.77
(s, 1H, oxazole 4-H), 7.79 (4, 1H, 3'-H), 7.88 ppm (d, 1H, 5'-H, J3's = 3.6, J,';'= 5.0 Hz).

1,4-Phenylene-2,2'~bisoxazole (XIIa). From 1.0 g (4.6 mmole) of the bisoxazole (Xa) and
9 g of nickel peroxide, as for (XIa), there was obtained 0.08 g of the oxazole (XIIa).

2,5~Furylene~2,2'~bisoxazole (XIIb). From 0.5 g (2.5 mmole) of the oxazoline (IX) and
4 g of nickel peroxide as described for (XIa), there was obtained 0.13 g of the bisoxazole
(XI1b).

2,5~Thienylene~2,2'~bisoxazole (XITec). From 2.5 g (11.5 mmole) of the bisoxazoline (Xc)
and 30 g of nickel peroxide, as described for (XIa), there was obtained 0.39 g of the bisoxa-
zole (XIlc).
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COURSE OF BROMINATION OF THIAZOLE AND 2-METHYLTHIAZOLE

Ya. L. Gol'dfarb,* G. P. Gromova, UDC 547.789.04:542.944,2:541.124:543.422
and L. I. Belen'kii

Bromination of thiazole by bromine in the presence of aluminum chloride in neutral
solvent or without solvent takes place at the 2-position. Such an orientation con-
tradicts the traditional addition—cleavage mechanism, and agrees with the ylid mecha-
nismof electrophilic substitution. 2-Methylthiazole brominates at the 5-position,
and the reaction is impeded in the presence of aluminum chloride; this is due to
heterocycle deactivation by complexation with the Lewis acid at the nitrogen atom.

We recently showed [1] that 2-phenylthiazole is smoothly brominated at the 5-position of
the thiazole ring by bromine in a neutral solvent (benzene or chloroform). 2-Phenylthiazole
can be considered as an analog of biphenyl. As established by Hic MR spectra and quantum chem-
ical calculations [2], already in the ground state there is a transfer of electron density from
the benzene ring to the thiazole; this is apparently the reason, to a substantial extent,
for the high reactivity of the thiazole ring in electrophilic substitution.

In the present work we have studied the bromination of unactivated unsubstituted thiazole
and of 2-methylthiazole. It is known that thiazole can not be brominated by bromine in a
neutral solvent: only the perbromide is formed [3]. We used conditions that had previously
permitted pyridine to be brominated {4], viz., the action of bromine in the presence of a
catalytic amount of AlCls in carbon tetrachloride or without solvent. Here we obtained a small
yield of a mixture in which the wmain product, and also the only monobromothiazole, was 2-
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