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Abstract. Trifluoroacetylated N,N-dralkylanilines react in refluxing I-butancl to
benzoxazine derivatives via an intramolecular [1,51 hydrogen shift and subsequent

cyclization of the dipolar intermediate

Hitherto 1,2,3,3a-tetrahydro-58-pyrrolol[1,2-all3,1]lbenzoxazine and 2,3,4,4a-
tetrahydro-1#4,6H-pyridoll,2-a][3,1]benzoxazine were unknown classes of heterocy-
cles However, Kienzle! very recently published the preparation of these types of
5- This publi-
cation prompts us to report the preliminary results of an alternative approach to

compounds by oxidation of the appropriate benzyl alcohols with MnO

these types of heterocycles.

In the course of our investigations of the "t¢t-amino effect"2 in heterocyclaic
chemistry we have reported previously the formation of N-heterocycles by ring clo-
sure reactions of substituted 2—vznyZ—N,N—d1alkylan111nes3. We have subsequently
1nvestigated the reactivity of 2-aeyl-¥,N-dialkylanilines (e.g. 2).

In a previous paper we have described the reaction of pyrrolidine and piperi-
dine enamines with trifluoroacetic anhydride. The trifluoroacetylated enamines
were found to undergo thermal isomerization to 1,3—oxa21nes4 Reaction of the 1-
(4-methyl-, and 4——methoxyphenyl)pyrrolldlnes5 (La) and (lb) with traifluorocacetic
anhydride 1in tetrahydrofuran at room temperature for 2 days or for 18 h at 40 °c
gave 1n yields of more than 90% the 2,2,2-trifluoro-1-[5-methyl- and S5-methoxy-
2-(l-pyrrolidinyl)phenyllethanones (2a) and (2b), respectlvely6 The correspond-
1ng piperidine analogues lc-d yielded, after agueous work up, mixtures of the
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trifluorcacetylated compounds 2¢-d and of the corresponding hydrates7 3¢c-d. The
latter were 1solated as pure crystalline materials’® after trituration of the crude
reaction mixture with diisopropyl ether in yields of 38% [mp 78-85 °c (dec)1 and
35% [mp 105-112 °c (dec) ], respectively. 2,5-Dihydro-1-(4-methylphenyl)-1HA-pyrrole
(le) reacted with trifluorocacetic anhydride in a similar way to give 2e¢ in high
yield. Trzchloroacetylation of la with traichloroacetic anhydride could not be a-
chieved neither in refluxing tetrahydrofuran nor in refluxing 1,2-dichloroethane.
Heating of 23 in l-butanol at 118 °Cc for 45 h gave a quantitative conversion
into 5-{trifluoromethyl)-1,2,3,3a-tetrahydro-7~-methyl-5A-pyrrolo[l,2-al[3,1]lbenzo-
xazine (4a). This compound was 1isolated after column chromatography [alumina (III-
IV), chloroform/petroleum ether (bp 60-80 0C)] as an oil in a yield of 91%. The
1H NMR spectrum showed the presence of two i1isomers in a ratio of about 4.5:1. Upon
addition of a few drops of methanol the major isomer crystallized [mp 60-60.5 °c
(methanol); m/e 257.102 (M+); 1H NMR (CDC13) § 5.25-5.05 (m, 1 H, NCHO), 4.95 (g,
J = 8.3 Hz, 1 H, HCCF,), 3.8-3.1 (m, 4 H, NCH,), 2.28 (s, 3 H, CHy); L3¢ nMr
(CDC13) ¢ 84.7 (4, NCHO), 72.1 (dq, J ? 30 Hz, HCCF3), 50.8 (t, NCHZ), 22.6 (g,
CH3)]. The minor isomer showed in the "H NMR spectrum the characteristic HCCF3-ab—
sorption at § 5.20 (g, J = 6.3 Hz) and the NCHO-signal at § 4.8-4.65 (m). Heating
of the pure major isomer 1in l-butanol for 3 days gave according to the lH NMR

spectrum the thermodynamic isomer mixture with a ratio of the isomers of about

4.5:1.
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Heating of the hydrate 3¢ or a mixture of 2¢c and 3¢ in l-butanol for 90 h gave
after chromatography a 1:1 isomer mixture of 6-(trifluoromethyl)-2,3,4,4a-tetrahy-
dro-8-methyl-1H,6H-pyrido{l,2-a][3,1lbenzoxazine (3a) as an o1l in a yield of 95%
from which one isomer crystallized spontaneously [mp 66.5-68 °C (methanol); lH NMR
(CDC1,) 6 5.03 (q, 4 = 8.1 Hz, 1 H, HCCF,), 4.6-4.4 (m, 1 H, NCHO); B3c mur (coc1,)
§ 82.0 (4, NCHO), 71.8 (dg, J = 30 Hz, HCCF3)]. The other isomer showed character-
1stic absorptions ain the lH NMR spectrum at § 5.28 (g, J = 6.3 Hz, 1 H, HCCF3) and
4,4-4.2 (m, 1 H, NCHO) and in the 13C NMR spectrum at § 84.0 (d, NCHO) and 74.0
(dq, J = 30 Hz, HCCF3). The methoxy analogues 2b and 3d reacted similarly. Afterx
heating in l-butanol at 118 °C for only 20 h isomer mixtures of 4b (2.5:1) and 5b
(2:1) were obtained as oi1ls in yields of 77 and 90%, respectively.

Starting from 2e¢ the ring closure could not be accomplished in refluxing l-bu-
tanol. Instead 2,2,2-triflucro~1-[5-methyl-2-(lH-pyrrol-1-yl)phenyllethanol (§)
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was 1solated as an oil from the reaction mixture in a yield of 60% [IR (NaCl) 3450
em™! (0H); m/e 255.087 (M"); 'H NMR (CDC1,) 6 6.73 and 6.28 (t, J = 2 Hz, 2 H,
pyrrole H's), 4.79 (br q, J = 6.6 Hz, 1 H, HC(OH)CFQ, 2.75 (br s, 1 H, OH); 13C
NMR (CDCl3) ¢ 124.3 (q, J 283 Hz, CF3), 66.9 (dq, J = 33 Hz, HC(OH)CF3)].

The formation of 4 and 5 can be explained by two consecutive reactions as de-

picted in the Scheme. The first step comprises a thermal suprafacial [1,5] hydro-
gen shift producing the zwitterion 7. Subsequently, intramolecular addition of the
negative charged oxygen atom to the iminium double bond gives rise to compounds 4
and 5. We have obtained strong evidence that the hydrogen shift indeed 1s a con-
certed process, because when the reaction of 2a was performed in l-deuterio-1l-bu-
tanol no incorporation of deuterium was detected at C-3a and C-5 of 4a. Besides,
no loss of deuterium was observed starting from 2a in which the hydrogens of the
carbon atoms adjacent to nitrogen were replaced by deuterium. It 1s likely that in
the cases of the hydrates 3¢-d under the conditions used firstly dehydration takes
place to 2¢-d

.
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In order to allow the hydrogen shift to take place the strongly electron-with-
drawing CF3—group adjacent to the carbonyl moiety seems to be crucial, because
starting from methyl 2-(1-pyrrolidinyl)benzoate and 1-[2-(l-pyrrolidinyl)phenyl]-
ethanone the ring closure could not be achieved. The effect of the substituent R
in compound 2 on the rate of reaction (kOCHa > kCHa) can be explained in terms of
a more effective stabilization of the positive charge at the nitrogen atom in the
zwitterion 7 by the methoxy group.

The formation of § comprises aromatization to a pyrrole by deprotonation of the
intermediate 7 which 1s obviously faster than the cyclization reaction.

This synthesis of benzoxazines (4 and 5) 1s a further example of the potential
use of the "¢-amino effect" of 2-substituted N,N-dialkylanilines in heterocyclic
chemistry.
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