158

SYNTHESIS OF BENZOXAZOLES FROM IMINO ESTERS

I. 2-Alkyl(Aryl)~-Substituted Benzoxazoles*

KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII

G. I, Braz, G. V. Myasnikova, A, Ya. Yakubovich, V. P. Bazov, I. E.

Kardash, and A, N, Pravednikov
Khimiya Geterotsiklicheskikh Soedinenii,
UDC 547.78 + 542,953 + 543,422

It is found that condensation of esters of iminocarboxylic and
iminoperfluorocarboxylic acids with o-aminophenol is a convenient
general method for preparing 2-alkyl, 2-perfluoroalkyl, and 2-aryl
substituted benzoxazoles, Hydrochlorides of esters of iminocarboxy-
lic acids react smoothly with o-aminophenol even at room temp-
erature, Condensation of esters of iminoperfluorocarboxylic acids,
whose hydrochlorides are unstable, is suitably carried out in the
presence of an equimolecular quantity of the corresponding per-
fluorocarboxylic acid, 2-Alkyl(aryl) substituted benzoxazoles

can also be obtained by heating o-aminophenol with esters of
iminocarboxylic acids in the form of free bases. Esters of imino-
perfluorocarboxylic acids also react similarly. Under similar con~
ditions diesters of bisiminocarboxylic and bisiminoperflucrocar-
boxylic acids and o-aminophenol give o, w-di(benzoxazolyl-2)
alkanes, and o, w-di(benzoxazolyl-2) perfluoroalkanes respectively,

2-Alkyl substituted benzoxazoles are for the most
part obtained by condensing o-aminophenols with
acids and their derivatives [2, 4], e.g., acid chlorides,
amines, nitriles, and amidines, reaction usually
being effected at about 200° and even higher. Such
drastic conditions lead to the formation of undesirable
by~products, whose removal is often difficult 5, 6].
Hence we turned our attention to indications that [7]
2-methylbenzoxazole can be obtained by the action of
ethyl iminoacetate hydrochloride on o-aminophenol
in cold methanol or boiling methanol, in yields of
30 and 78% respectively. Even earlier it had been
stated that condensing o~aminophenol with methyl
iminobenzoate [8] gives 2-phenylbenzoxazole, though
the yield was not given. At the start of the present
work there was no other information about synthesis
of benzoxazoles from imino esters.**

A detailed study of this reaction led us to a general
methed for preparing 2-substituted benzoxazoles (II)
from o~aminophenol and imino ester hydrochlorides,
enabling I to be synthesized in dry chloroform in
vields up to 82% at room temperature (method A}

L,
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*The synthetic part of the work was communicated
at the conference on Heterocyeles in Organic Synthesis,
Kiev, June 1964. For a preliminary communication
see [1].
**Recently the preparation, in 37% yield, of 2-
nitromethylbenzoxazole from ethyl iminonitroacetic
acid hydrochloride has been described [9].
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Benzoxales la~e can also be obtained by reacting
o-aminophenol with imino esters in the free base
form. However it is then necessary to heat for some
hours at about 100° in dry dioxane (method B). The
yield of 2-substituted benzoxazoles is then somewhat
less (see Table 1). The difference in the readiness
with which imino esters condense, as hydrochlorides
and as free bases, with o-aminophenol is probably
due to the reactions proceeding by different mechan-
isms, as obtains in preparing 1, 3, 4-oxadizoles from
imino esters and acid hydrazides [10]. 2-Trifluoro-
methyl~ and 2~(n~perfluoropropyl)benzoxazoles (If, g)
which are obtained, respectively, from methyl
iminotrifinoroacetate (II) [11] and methyl imino~
perfluorobutyrate (III) [12], whose hydrochlorides
are unstable, can be synthesized by method B, but
then the yields of benzoxazoles Ie, f do not exceed
35-40%. The best results are obtained by reacting
o-aminopheno! with the imino esters II and III in
the presence of equimolecular amounts of, respect-
ively, trifluoroacetic and perfluorobutyric acids at
room temperature (method B).

It was also found that esters of aliphatic bisimino-
carboxylic acids react rather smoothly with o-amino-
phenol by methods A and B, to give o, w-di{benzoxa-
zolyl-2)alkanes (IVa, b), * Esters of bisiminoper-
fluorocarboxylic acids and o-aminophenol give, by
method B, o, w~di(benzoxazolyl-2)perfluoroalkanes
(IVe, d) (see Table 2).

a R =—(CHy)—

b R = ~(CHp)y—
OT)'RJ\_@ ¢ R = —(CFok—

d R = ~(CFy)~

The structures of the benzoxazoles I and o, w-di~
benzoxazolylalkanes IV prepared by us are confirmed
by studying their IR spectra. The spectra of compounds
I and IV have absorption bands in the regions 1615~
1630 and 1560~1590 em™!, characteristic [14] of the
benzoxazole ring. The band at about 925 em™! is also
assigned [14] to benzoxole ring vibrations, and is

*t is interesting that condensation of o~aminophenol
and its ring-substitution products with dimethyl
bisiminooxalate free base gives 3-amino-2~iminobenzo-
azines, Condensing o-aminophenol with the dihydro-
chloride of this bisimino ester gave the 2, 2'-dibenzo-
xazolyl [13].
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markedly in evidence with the benzoxazoles I. With
compounds IV it is greatly displaced or is of low
intensity. The spectra of compounds I and IV not
containing fluorine have bands at about 1250 and 1020
em™!, due to valence vibrations of the =C—0—C
group of the benzoxazole ring [15]. In the cases of
fluorinated I and IV, these bands are shifted towards
the higher frequency side. The IR spectra of the
latter compounds show very intense bands in the
1100-1250 em™! region, due to valence vibrations of
C—F bonds. The IR spectra of all compound I and IV
prepared have an intense band at about 750 cm=~,
obviously due to out-of-plane vibrations of aromatic
C—H bonds, as obtains with 1, 2-disubstituted ben-
zenes. The IR spectra were determined with a UR-10
spectrometer, solids being tabletted with KBr, and
liguids being dissolved in CCl; and CS,.

A study has been made of the thermal stabilities
of 2~-methyl-2-phenyl-, and 2-trifluoromethylbenzoxa~
zoles (Ib, e, f). The investigation was made in sealed
tubes of pyrex previously evacuated to 10™* mm. The
specimens were heated for 1 hr at various temper-
atures and the resultant cracking products investi-

gated mass spectroscopically and chromatographically.

It is found that compound Ib is stable up to 450°.
Heating above that temperature gives gaseous decompo-
sition products, consisting basically of methane, a
small quantity of hydrogen, benzene, and toluene.
Replacement of the methyl group in Ib by trifluoro-
methyl leaves the thermal stability practically un-
changed. The main cracking products of If are tri-
fluoromethane, trifluoroacetonitrile, and hydro-
fluoric acid, which reacts with the glass giving COy
and SiF,;. Compound Ie is the most thermostable of
the compounds investigated. When it is heated nearly
to 500° no appreciable amount of gas formation is
observed.

EXPERIMENTAL

Pure imino ester hydrochlorides are obtained by
passing dry HCI into a solution of the distilled base
in dry ether. Ethyl iminoacetate hydrochloride mp
106~107° (decomp, capillary put in the device at
100°, In this case and in determining the melting
points of the other imino ester hydrochlorides, the
rate of heating was about 4° C/min). Found: Cl 28.72%.
Calculated for C,HgNO - HC1; Cl 28.74%.

Ethyl iminobutyrate hydrochloride mp 76,5-77°
(decomp). Found: C1 23.25%. Calculated for CgH;3NO -
- HCL: Cl 23.45%.

Methyl iminobenzoate hydrochloride mp 96-97°.
Ethyl iminophenylacetate hydrochloride mp 91-93°
(decomp, sealed capillary, putin the device at 60°);
the literature [16] gives mp 60~80°.

o-Aminophenol was purified by distilling at 160~
170° (10—11 mm), mp 175.,5-177° (decomp, sealed
capillary put in the device at 165°, heating rate 4°/
min),

2-Methylbenzoxazole (lb). Method A. A flask, fitted
with stirrer, thermometer, and reflux condenser,
and protected from the moisture of the air, was
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charged with 5.7 g (0.0522 mole) o-aminophenol, 6 g
(0.0522 g) ethyl iminoacetate hydrochloride, 30 ml
dry CHCly, and the whole stirred at room temperat-
ure for 306 hr. The reaction mixture was treated
with 5% NaOH solution, the aqueous layer removed,
extracted with ether, the extracts added to the CHCl;
solution, and the whole distilled to give 5.28 g (76%)
benzoxazole Ib, bp 88—88.5° (17 mm). After repeated
distillationina stream of N, Ibhadbp 80~80.5° (12 mm).
Th which had been vacuum-distilled in nitrogen stayed
colorless on keeping in the dark for at least a month,

Method B, The same apparatus was charged with
5.7 g (0.0522 mole) o-aminophenol, 4.55 g (0.0522
mole) ethyl iminoacetic acid, 30 ml dry dioxane, and
the whole stirred at 98—100° for 4—~6 hr. After cooling
the dioxane was vacuum-distiiled off, unreacted o-
aminophenol (0.89 g) filtered off, washed with a small
amount of ether, and the filtrate distilled. It was
also possible to treat with CHCl; or benzene the resi-
due remaining after distilling off the dioxane, and to
isolate the Ib obtained in a way similar to that de-
scribed under A. Yield of Ib 4.77 g (69%), mp 92~
94° (22 mm).

2-Trifluoromethylbenzoxazole (If). Method C.

2.58 g (0.023 mole) methyl iminotrifluoroacetate
[11], and 2.69 g trifluoroacetic acid in 20 ml dry
CHCl3 were stirred together for 5 hr at room temp-
erature without access of moisture from the air.
Then the products were treated with an approximately
20% solution K,CQj, filtered, the water layer sep-
arated off and extracted with ether, the extracts
bulked with the CHCl3 layer, and after drying, the
solution was distilled to give 2.35 g (52.5%) If, bp
57-58.5° (16 mm), After repeated distillation it had
bp 62.5-63° (19 mm).

h) 4.4 g (0.03 mole) o~aminophenol hydrochloride*
and 3.38 g (0.026 mole) methyl iminotrifluoroacetate
in 20 ml dry CHCl; were stirred together for 6 hr,
(without access of moisture from the air) at room
temperature, and the products worked up as de-
scribed above, to give 3.58 g (63%) If, bp 63° (19 mm).

Table 1 gives physical constants and elementary
analytical data for all the I compounds synthesized.

1, 2-Di(benzoxazolyl-2)ethane (IVa). 6.06 g (0.025
mole) diethyl bisiminosuccinate dihydrochloride [17]**
and 5.4 g (0.05 mole) o~-aminophencl in 30 ml dry
CHCIl3 were stirred together for 6 hr at room temp-
erature without access to moisture of the air, the
CHCl; distilled off, the residue treated with 5%
NaOH solution, the precipitate filtered off, washed
with water and a small amount of EtOH, then dried,

*Prepared by saturating with dry HCI a solution
of o-aminophenol in dry dioxane. Mp 202-204°,
Found: Cl 24,12%, Calculated for CgH;NO - HCl:
Cl 24.4%.

**The unpurified compound had mp 120° (decomp,
sealed capillary put in the device at 117°, rate of
heating 3°/min). Found: Cl 28.94%. Calculated for
CgH (¢N;0, + 2HCL: Cl 28.90%.
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giving 3.6 g substance mp 189-190°, After recry-
stallizing from EtOH using active charcoal, it had
mp 191-192°, yield 55%. The literature gives [18]
for IVa mp 193.5°.

1, 3-Di(benzoxazolyl-2)perfluoropropane (IVc).
Method B. 4.1 g (0.0154 mole) undistilled bisimino
ester of perfluoroglutaric acid [11], 3.36 g (0.0308
mole) o~aminophenol, and 20 ml dry dioxane were
stirred together for 6 hr at 97—98°, without access
of moisture from the air, the residue was dissolved
in benzene, treated with 5% NaOH solution, and after
washing with water and drying, the benzene layer
gave 4.19 g dark red crystalline material, mp 101-
103°. After washing with a small amount of EtOH, and
recrystallizing from the same solvent, using active
charcoal, a 55% yield of IVc was obtained, mp 102.5~
103.5°,

Physical constants and elementary analyses of all
the IV compounds synthesized are given in Table 2.

REFERENCES

1. G. I, Braz, G. V. Myansnikova, and A, Ya,
Yakubovich, KhGS [Chemistry of Heterocyclic Com~
pounds], 147, 1965.

2. Heterocyclic Compounds [Russian translation],
IL, Moscow, 5, 351, 1961,

3. D. Hein, R. Alheim, and J. Leavitt, J. Am.
Chem. Soc., 79, 427, 1957,

4, E. N. Zilberman and A, E. Kulikova, Author's
Certificate, 148, 414, 1962,

5. 8. Skraup, Ann., 419, 74, 1919.

6. L. Galatis, J. Am. Chem. Soc., 70, 1967,
1948,

7. F. King and R. Acheson, J. Chem, Soc.,
1396, 1949.

' 8, H. Wheeler, Am. Chem. J., 17, 397, 1895,

9. W, Reid and A. Sinharay, Chem. Ber., 96,
3306, 1963.

10. H. Weidinger and J. Kranz, Chem. Ber., 96,
3306, 1963.

KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII

11. E. L. Zaitseva, G. I. Braz, A. Ya. Yakubovich,
V. P. Bazov, R. M. Gitina, L. G. Petrova, and
I. M. Filatova, ZhVKhO, 8, 353, 1963.

12, A, Ya. Yakubovich, E. L. Zaitseva, R. M.
Gitina, V. P. Bazov, 1. M. Filatova, and G. I.
Braz, AhOKh, 36, 862, 1966.

13. H, Weidinger and J. Kranz, Chem. Ber., 97,
1599, 1964.

14, P. Bassignana, C. Cogrossi, and M. Gandino,
Spectrochim. Acta, 19, 1885, 1963.

15, Y. Imai, I. Taoka, K. Uno, and Y. Iwakura,
Makromol. Chem,, 83, 170, 1965.

16, G. Luckenbach, Ber., 17, 1421, 1884,

17. 8. McElvain and J. Schroeder, J. Am. Chem.
Soc., 71, 40, 1949.

18. W. Ried and J, Patschorke, Ann., 599, 44,
1956.

19, Ch. Grundmann, Angew. Chem., 75, 393, 1963.

20, S. McElvain and J. Nelson, J. Am. Chem.
Soc., 64, 1825, 1942,

21. A. Ya. Yakubovich, E. L. Zaitseva, R. M.
Gitina, V. P. Bazov, I, M. Filatova, and G. I. Braz,
ZhOKh, 32, 3414, 1962.

22. S. McElvain, and C. Stevens, J. Am. Chem.
Soc., 68, 1917, 1946,

23. I, Ya. Postovskii, L. N, Pushkina, and S. A.
Mazalov, ZhOKh, 32, 2617, 1962,

24, L. Holljes, and E. Wagner, J. Org. Chem.,
9, 31, 1944.

25. G. I. Braz, G. V. Myasnikova, A, Ya,
Yakubovich, and V, P, Bazov, ZhOKh, 34, 2980,
1964.

26, E, L. Zaitseva, A. Ya, Yakubovich, G. I.
Braz, and V. P. Bazov, ZhOKh, 34, 3709, 1964,

12 July 1965 Karpov Institute of Physical

Chemistry, Moscow



