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One-pot synthesis of 1-arylmethylidene-1,2,3,3a-tetrahydro-5H-pyrrolo[1,2-a]-
[3,1]benzoxazines and 1-arylmethylidene-1,2,3,3a,4,5-hexahydropyrrolo[1,2-a]-
quinazolines from 5-arylalk-4-ynals and o-aminobenzylic alcohol/amine
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Cyclization of 5-arylalk-4-ynals with o-aminobenzylamine or o-aminobenzyl alcohol in DMSO under the sequential action of NH,Br
and KOH affords (E)-1-arylmethylidene-1,2,3,3a,4,5-hexahydropyrrolo[ 1,2-a]quinazolines or (E)-1-arylmethylidene-1,2,3,3a-tetrahydro-
5H-pyrrolo-[1,2-a][3,1]benzoxazines; the latter without substituents in the 3-position easily isomerize into the corresponding 2-arylmethyl-

1-(2-hydroxymethylphenyl)pyrroles.

In last years, considerable attention is paid to syntheses of
complex organic molecules with high efficiency and selectivity.!
One of approaches implies a one-pot cascade cyclization of
simple and available precursors leading to polycyclic structures.
In particular, cyclizations of acetylenic carbonyl compounds with
various binucleophiles giving fused N-heterocycles are intensively
studied. Earlier,>3 we have proposed an original access to bicyclic
N,N-ene aminals, namely, 6-arylmethylideneoctahydropyrrolo-
[1,2-a]pyrimidines and S5-arylmethylidenehexahydropyrrolo-
[1,2-alimidazoles, by reaction of 1-(alk-1-ynyl)-1-chlorocyclo-
propanes with lithiated aliphatic diamines. Further we have
shown’~7 that anionic cyclization of alk-4-ynals with aliphatic
diamines, amino alcohols and amino thiols in the superbasic
KOH-DMSO system?® is more versatile and experimentally con-
venient method for synthesis of these compounds. Unlike other
known cyclization means® of acetylenic carbonyl compounds
with amines giving mostly endocyclic olefinic products, our
approach is distinguished by unusual chemo- and stereoselectivity
towards compounds with exocyclic double bond. Besides our
works, only two communications'®!! describing formation of
5-exo-dig-cyclized products in reactions of alk-4-ynals with
2-aminoethanol derivatives, have been published so far.

It seems of obvious interest to extend this chemistry on new
types of substrates. In this work, alk-4-ynals were reacted with
aromatic amines bearing additional nucleophilic center, namely,
o-aminobenzylamine and o-aminobenzyl alcohol. The anticipated
products should be fused tricyclic compounds of 1,2,3,4-tetra-
hydroquinazoline and 1,4-dihydro-2H-[3,1]benzoxazine series
incorporating enamine fragment with exocyclic double bond.
These compounds would seem promising taking into account the
literature data on biological activity of tetrahydroquinazoline!?2!
and benzoxazine?> 2% derivatives.

Our initial experiments showed that o-aminobenzyl alcohol
reacted with alk-4-ynals noticeably slower than previously studied
aliphatic diamines>® and amino alcohols’. In fact, stirring of equi-
molar amounts of aldehyde 1a and amino alcohol 2 in DMSO for
3 h did not cause significant conversion of the reactants (Scheme 1).
Literature data?’ indicate that such type of reactions should be
promoted by weak acids including ammonium bromide,?® which
was successfully employed for the preparation of benzimidazoles
from aromatic aldehydes and 1,2-diaminobenzene.

Really, addition of 0.25 equiv. of NH,Br strongly accelerates
the 1a + 2 reaction in DMSO giving the sole benzoxazine product
3a with ~65% conversion in 3 h while the full conversion was
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Starting | Reaction time  Reaction time .
aldehyde | with NH;B/h  with KOH/h  Product Yield (%)
la 20 2 4a 64
1b 20 2 4b 73
1c 2 0.5 5a 70
1d 2 0.5 4d 76

Compound 4d undergoes quantitative isomerization into pyrrole Sb
upon heating in CDCl; at 50 °C for 20 min.

Scheme 1

achieved in 20 h. Aldehyde 1b reacts similarly, whereas for less
sterically hindered alkynals 1c,d the process is complete within
2 h. In all cases yields of benzoxazine derivatives 3a—d, deter-
mined from NMR spectra, were nearly quantitative.

Addition of 4-fold molar excess of powdered KOH to the
solutions of compounds 3a,b in DMSO at room temperature
results in fast intramolecular exo-dig-hydroamination of the triple
bond leading to new fused 1-arylmethylidene-1,2,3,3a-tetrahydro-
5H-pyrrolo[1,2-a][3,1]benzoxazines 4a,b in 64-73% yields.

¥ 1,2,3,3a-Tetrahydro-SH-pyrrolo[ 1,2-a][ 3,1 Jbenzoxazines 4ab,d and
1,2,3,3a,4,5-hexahydropyrrolo[ 1,2-a]quinazolines 8a-d (general proce-
dure). A solution of alkynal 1 (1 mmol) in 3 ml of DMSO was slowly
added with stirring to a solution of amine 2 or 6 (1 mmol) in 3 ml of
anhydrous DMSO. Then NH,Br (24 mg, 0.25 mmol) was added, and
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Like previously studied>® analogous cyclization of 2-(alk-3-
ynyl)hexahydropyrimidines, this process is highly stereoselective
providing exclusively E-isomers of products 4. Their structure
was confirmed by 2D NOESY spectra manifesting correlations
between the ortho-protons of aryl substituent (R') and the 2-posi-
tioned methylene protons of the polycycle, as well as between
olefinic proton and 9-positioned CH-fragment.

Cyclization of compounds 3¢,d having no o-branching in alkynyl
fragment, according to the NMR spectra of reaction mixtures,
also brings about E-isomers of corresponding 1-arylmethylidene-
tetrahydro-5H-pyrrolo[1,2-a][3,1]benzoxazines 4c¢,d. However,
our attempts to isolate pure compound 4c failed. After conven-
tional aqueous workup, extraction and removal of the solvent
under reduced pressure, N-(2-hydroxymethylphenyl)pyrrole Sa
was obtained in 70% yield. Obviously, it originated from ring
opening in compound 4¢, which occurs even at room temperature.
Benzoxazine 4d bearing 4-trifluoromethylbenzylidene substi-
tuent is more stable and can be isolated from reaction mixture
with purity exceeding 90%. However, heating it in CDCl; at 50°C
for 15 min causes its clean isomerization into pyrrole Sb.

Similar processing of 5-arylalk-4-ynals 1a,c—e with o-amino-
benzylamine 6 affords the corresponding new (E)-1-arylmethyl-
idene-1,2,3,3a,4,5-hexahydropyrrolo[1,2-a]quinazolines  8a—d
in 65-74% yields (Scheme 2). Unlike relative benzoxazines 4,
diaza analogues 8 are stable and easily isolable regardless of
their substitution pattern. It is worth noting that base-catalyzed
intramolecular hydroamination of triple bond in intermediates
7a—d proceeds chemoselectively and exclusively with participa-
tion of anilinic amino group. This can be explained by higher
acidity of aromatic amines compared to aliphatic ones and, there-
fore, enhanced ability to generate the corresponding anilide anion
under the strong basic conditions. Importantly, our attempts to
promote 3 = 4 or 7 = 8 cyclizations on using less basic anhydrous

the resulting mixture was stirred at room temperature for time indicated
in Schemes 1 and 2. Thereafter, freshly powdered KOH (280 mg, 5 mmol)
was added, and the resulting suspension was stirred for 0.5-2 h (for exact
time, see Schemes 1 and 2). Then, 30 ml of water and 30 ml of Et,O were
added, and the organic layer was separated. The aqueous layer was
additionally extracted with Et,O (3x10 ml). The combined organic layers
were washed three times with water, dried over anhydrous Na,SO,, and
the solvent was evaporated. The residue was subjected to recrystalliza-
tion from light petroleum to afford products 4a,b and 8a—d or to flash
chromatography to give compounds 4d and Sa.

(1E)-1-Benzylidene-3,3-dimethyl-1,2,3,3a-tetrahydro-5H-pyrrolo-
[1,2-a][3,1]benzoxazine 4a was prepared from aldehyde 1a and amine 2
and isolated in 64% yield, mp 78-79°C. 'H NMR, &: 1.21 (s, 3H, Me),
1.31 (s, 3H, Me), 2.82 (dd, 1H, =CCHH, 2/ 15.0 Hz, *J 2.0 Hz), 2.85 (dd,
1H, =CCHH, 2J 15.0 Hz, *J 1.7 Hz), 4.65 (s, 1H, NCHO), 5.04 (s, 2H,
OCH,), 6.30 (br.s, 1H, PhCH=), 7.0-7.4 (m, 8H, Ar), 7.61 (d, 1H, Ar,
3] 8.2 Hz). 3C NMR, d: 21.7 (Me), 27.1 (Me), 38.7 (C3), 43.6 (C?), 67.6
(C%), 95.3 (C?), 99.1 (PhCH=), 120.5, 122.0, 124.9, 126.8 (C®, C7, C8,
%), 124.1, 127.3, 128.2 (Ph), 125.2 (C>%), 138.9, 139.1, 143.8 (C*%, C;
C!, Ph). HRMS, m/z: 290.1543,291.1613, 292.1684 (calc. for Co,H,;NO,
m/z: 290.1539 [M—H]*, 291.1618 [M]*, 292.1696 [M +H]").

(1E)-1-Benzylidene-3,3-dimethyl-1,2,3,3a,4,5-hexahydropyrrolo-
[1,2-a]quinazoline 8a was prepared from aldehyde 1a and amine 6 and
isolated in 68% yield, mp 118-119°C. 'H NMR, é: 1.01 (s, 3H, Me),
1.29 (s, 3H, Me), 1.95 (br.s, 1H, NH), 2.71 (dd, 1H, =CCHH, J 14.0 Hz,
47 2.1 Hz), 2.77 (br.d, 1H, =CCHH, 2J 14.0 Hz), 4.15 (d, 1H, NHCHH,
2J17.1 Hz), 4.23 (d, 1H, NHCHH, 2J 17.1 Hz), 4.33 (s, IH, NCHN), 6.33
(br.s, 1H, PhCH=), 6.87 (t, I1H, Ar, J 7.4 Hz), 7.0-7.4 (m, 7H, Ar), 7.73
(d, 1H, Ar, J 8.2 Hz). 3C NMR, 8: 20.8 (Me), 26.0 (Me), 38.2 (C3), 44.3,
47.5 (C?, C%), 80.8 (C3¥), 100.6 (PhCH=), 116.8, 199.9, 126.3, 127.0 (CS,
C7, C8, %), 123.9, 127.3, 128.2 (Ph), 124.0 (C>), 139.6, 140.0, 141.5
(C%, C'; C!, Ph). HRMS, m/z: 289.1704, 290.1767, 291.1857 (calc. for
CyoHpoN,, m/z: 289.1699 [M—H]*, 290.1778 [M]*, 291.1856 [M+H]").

For characteristics of compounds 4b.d, 5a,b and 8b-d, see Online
Supplementary Materials.
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Scheme 2

K,COj; both at ~20 and at 85-90 °C were unsuccessful. Stirring
of solutions of dihydrobenzoxazine 3a or tetrahydroquinazoline
7a with five-fold molar excess of K,CO5; in DMSO does not
result in any reaction both at room temperature and at 85-90°C.

In summary, we have developed a new efficient one-pot
chemo- and stereoselective synthesis of previously unknown
(E)-1-arylmethylidene-1,2,3,3a-tetrahydro-5H-pyrrolo[1,2-a]-
[3,1]benzoxazines and (E)-1-arylmethylidene-1,2,3,3a,4,5-hexa-
hydropyrrolo[1,2-a]quinazolines from 5-arylalk-4-ynals by their
sequential treatment with NH,Br and KOH in DMSO. The pro-
ducts obtained seem multipurpose promising.

This work was supported by the Russian Foundation for Basic
Research (grant no. 15-03-08195A).
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Supplementary data associated with this article can be found
in the online version at doi:10.1016/j.mencom.2015.09.002.
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