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a b s t r a c t

A pyrrolo[2,1-b]quinazoline has been found to undergo both epoxidation and hydroxylation on the pyr-
role nucleus upon simple exposure of an acetone solution to air or oxygen. The oxygenation reaction
occurs most readily when the starting compound contains a t-butyl ester at the 3-position, compared
to a cyano or phenylsulfonyl. The structure of the product has been confirmed by X-ray crystal analysis.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The photooxygenation of nitrogen containing heterocycles has
attracted considerable interest over the years.1–4 With pyrroles,
which are highly reactive substrates, ring oxygenation typically
leads to a mixture of products including hydroxylated derivatives,
lactams and acyclic carbonyl compounds.1–4 The lack of chemose-
lectivity appears to arise from non-selective addition of singlet
oxygen to the pyrrole nucleus, and from non-selective decomposi-
tion of intermediate hydro- or endoperoxides. In some cases,
however, pyrrole ring oxygenations are selective enough to be
synthetically useful and such reactions have mostly led to hydrox-
ylated pyrrolones,4–8 and 1,4-dicarbonyl compounds.9,10 In one
unique case, pyrroles have been substituted in the 5-position in
good yield via selective oxygenation to a hydroperoxy intermedi-
ate.11 Several of these types of reactions have been used to prepare
pyrrole-containing natural products.5,12,13 In contrast, preparation
and isolation of epoxidated pyrroles by oxygenation appears to
be rather uncommon. Rare examples include the oxygenation of
2,3,4,5-tetraphenylpyrrole in methanol to yield the 3,4-epoxy-5-
methoxypyrrole derivative (55% yield)10 and the oxygenation of a
2-alkoxycarbonyl-3-methoxypyrrole to form the 2,3-epoxy deriva-
tive (10% yield).14

Recently, we have described the synthesis of some 4,9-dihydro-
pyrrolo[2,1-b]quinazolines containing different functional groups
at the 3-position.15 This ring system has attracted synthetic inter-
est of late as it is contained in several bioactive natural products.16
ll rights reserved.
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In working with these compounds, we have observed that they
slowly undergo a rather selective oxidation reaction upon being
dissolved in common solvents and when exposed to air. We antic-
ipated that the product of this reaction was the fully unsaturated
ring system, as dehydrogenations of partially saturated aromatics
by air are quite common. However, upon isolation and character-
ization of the product arising from t-butyl ester analogue 1a
(Scheme 1), we determined that an oxygenation reaction had oc-
curred to give hydroxy-containing epoxide 3 in good yield. Herein,
we describe this interesting reaction and our characterization of
the product.
2. Results

To prepare the oxygenation product on a significant scale,
1.0 mmol of tricyclic 1a was dissolved in acetone (10–12 mL) in a
50 mL beaker and left to stand on the bench-top exposed to atmo-
sphere under ambient conditions.17 After about 12 days, TLC anal-
ysis showed that the starting material had been consumed and that
one major product had formed. The acetone was thus allowed to
evaporate and the light brown solid was triturated with EtOAc/
hexanes (1:1) and collected by suction to yield an off white solid
in 70% yield. Recrystallization from EtOAc/hexanes gave 3 as a fine
white solid, while recrystallization from MeOH gave colorless
crystals.

Product 3 was characterized by MP, IR, 1H and 13C NMR, HRMS,
combustion analysis and X-ray crystallography.18 The 1H NMR
shows that the two benzylic hydrogens are still present, and that
they are non-equivalent based on the presence of two doublets
(J = 13.6 Hz) at 4–5 ppm. This eliminates the possibility that
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compound 1 has been dehydrogenated to the fully conjugated
compound 4, and also indicates the presence of a chiral center in
the product. In the IR spectrum, the carbonyl stretch is shifted to
a much higher value (1743 cm�1) compared to that of the starting
material (1640 cm�1), which is consistent with the carbonyl no
longer being conjugated with nitrogen. The IR also shows a broad
OH absorbance centered at about 2800 cm�1. In addition, the
HRMS and combustion analysis results indicate that an oxygena-
tion reaction has occurred rather than dehydrogenation. Based on
these data, we initially hypothesized that compound 2 had been
obtained, as hydroperoxides are commonly proposed as intermedi-
ates in pyrrole oxygenations,3 although we only know of one that
has been isolated.19 Also, 2-aminopyrroles are known to be nucle-
ophilic at the 5-position via enamine type reactions.20 However, X-
ray structure analysis ( Fig. 1)21 shows that hydroxy-containing
epoxide 3 was formed, perhaps via hydroperoxide 2 as an interme-
diate. The crystal structure also indicates that the hydroxyl group
and the epoxide oxygen are trans to each other. In retrospect, all
other analytical data also support our assignment of the product
as compound 3.

In an effort to increase the rate of formation of 3, the reaction
was conducted in a sealed vial after being evacuated with pure
oxygen. In this case, the starting material 1a was consumed in
6 days and product 3 was obtained in 65% yield. At this point, we
have made no other attempts at increasing the reaction rate, such
as by irradiating with a light source, adding a photosensitizer, or
using high pressures of oxygen. However, we have performed the
oxygenation reaction with substrates containing a cyano (1b) or
Figure 1. X-ray crystal structure of compound 3. Atoms are drawn with 40%
probability ellipsoids.
phenylsulfonyl (1c) group in place of the t-butyl ester. In these
cases, the oxygenation proceeds much more slowly, and appears
to be less selective. This suggests that the t-butyl ester has a ben-
eficial effect on the reaction. To further explore this effect, we are
currently in the process of preparing the methyl and ethyl ester
analogues of compound 1. We are also currently exploring the
reactivity of product 3, particularly that of the epoxide towards
various nucleophiles.
3. Conclusion

In conclusion, we have found that pyrrolo[2,1-b]quinazoline 1a
undergoes a slow, but rather selective, oxygenation reaction upon
simple exposure of an acetone solution to air or oxygen. The
product has been isolated in 65–70% yield and identified as hydro-
xy-containing epoxide 3. The selective preparation of epoxidated
pyrroles by oxygenation is uncommon. It is also uncommon for
such oxygenations to take place without the aid of strong
photo-irradiation or chemical additives. Considering the highly
functionalized nature of product 3, this chemistry may be useful
for preparing substituted derivatives of the pyrrolo[2,1-b]quinazo-
line ring system.

Acknowledgements

Funding for this research was provided by our Pamplin College
of Arts and Sciences and the ASU Foundation. HRMS data was pro-
vided by the Mass Spectrometry Facility at Georgia State Univer-
sity. We thank Dr. Kenneth Hardcastle, Emory University X-ray
Crystallography Center, for determination of the crystal structure
and helpful comments.

References and notes

1. Wasserman, H. H.; Murray, R. W. Singlet Oxygen; Academic Press: New York,
1979.

2. Clennan, E. L.; Pace, A. Tetrahedron 2005, 61, 6665.
3. Iesce, M. R.; Cermola, F.; Temussi, F. Curr. Org. Chem. 2005, 9, 109.
4. Alberti, M. N.; Vougioukalakis, G. C.; Orfanopoulos, M. J. Org. Chem. 2009, 74,

7274.
5. Franck, R. W.; Auerbach, J. J. Org. Chem. 1971, 36, 31.
6. Lightner, D. A.; Low, L. K. J. Heterocycl. Chem. 1972, 9, 167.
7. Boger, D. L.; Baldino, C. M. J. Org. Chem. 1991, 56, 6942.
8. Demir, A. S.; Aydogan, F.; Akhmedov, I. M. Tetrahedron: Asymmetry 2002, 13,

601.
9. Li, H.-Y.; Drummond, S.; DeLucca, I.; Boswell, G. A. Tetrahedron 1996, 52, 11153.



R. A. Hawkins, C. E. Stephens / Tetrahedron Letters 51 (2010) 6129–6131 6131
10. Wasserman, H. H.; Liberles, A. J. Am. Chem. Soc. 1960, 82, 2086.
11. Wasserman, H. H.; Xia, M.; Wang, J.; Peterson, A. K.; Jorgensen, M. Tetrahedron

Lett. 1999, 40, 6145.
12. Wasserman, H. H.; Xia, M.; Wang, J.; Petersen, A. K.; Jorgensen, M.; Power, P.;

Parr, J. Tetrahedron 2004, 60, 7419.
13. Boger, D. L.; Baldino, C. M. J. Am. Chem. Soc. 1993, 115, 11418.
14. Wasserman, H. H.; Frechette, R.; Rotello, V. M. Tetrahedron Lett. 1991, 32, 7571.
15. Suthiwangcharoen, N.; Pochini, S. M.; Sweat, D. P.; Stephens, C. E. J. Heterocyclic

Chem., in press.
16. Liu, J.-F.; Ye, P.; Sprague, K.; Sargent, K.; Yohannes, D.; Baldino, C. M.; Wilson, C.

J.; Ng, S.-C. Org. Lett. 2005, 7, 3363.
17. The only light sources were the standard fluorescent laboratory lighting, which

was on during the day and off during the night and the daylight from two
windows about 15 feet away from the bench. The beaker was covered by a
watchglass. To compensate for evaporation, additional acetone was
occasionally added to maintain the volume above 2–3 mL.

18. Mp: >190 �C dec (MeOH). IR (ATR): 3100–2500 (broad), 2983, 1743 (strong),
1629, 1598, 1141 (strong), 1107, 1083, 807, 768 (strong), 738 cm�1. 1H NMR
(300 MHz, DMSO-d6): 1.33 (s, 3H), 1.47 (s, 9H), 1.48 (s, 3H), 4.36 (d, J = 13.6 Hz,
1H), 4.57 (d, J = 13.6 Hz, 1H), 6.56 (s, OH, D2O exchangeable), 6.92 (d, J = 7.6 Hz,
1H), 7.00–7.02 (m, 2H), 7.09–7.14 (m, 1H). 13C NMR (75 MHz, DMSO-d6): 162.1,
154.2, 142.0, 128.0, 126.5, 125.0, 124.6, 120.7, 88.4, 82.8, 70.3, 64.1, 40.0, 27.7
(3C), 17.8, 9.3 ppm. HRMS (ESI+) calcd for C18H23N2O4: 331.1658. Found:
331.1645. Anal. calcd for: C18H22N2O4: C, 65.44; H, 6.71; N, 8.48. Found C,
65.52; H, 6.70; N, 8.43.

19. Kametani, T.; Ohsawa, T.; Ihara, M.; Fukumoto, K. J. Chem. Soc., Perkin Trans. 1
1978, 460.

20. Player, M. R.; Wang, L.-C.; Bayomi, S. M.; Sowell, J. W., Sr. J. Heterocycl. Chem.
1992, 29, 51.

21. Good quality crystals of 3 were obtained by recrystallization from MeOH.
Crystal data: monoclinic, a = 13.053(4), b = 6.453(2), c = 21.007(8) Å, a = 90o,
b = 101.05(3)�, c = 90�. V = 1736.7(10) Å3, space group P2(1)/n, Z = 4,
Dcalcd = 1.264 Mg/m3, abs coeff = 0.736 mm�1, F(0 0 0) = 704. Crystallographic
data (excluding structure factors) for the structure in this Letter have been
deposited with the Cambridge Crystallographic Data Centre as supplementary
publication No. CCDC 780834. Copies of the data can be obtained, free of
charge, on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, (fax:
+44 (0)1223 336033 or e-mail: deposit@ccdc.cam.ac.uk).


	Aerobic epoxidation and hydroxylation of a pyrrolo[2,1-b]quinazoline under ambient conditions
	Introduction
	Results
	Conclusion
	Acknowledgements
	References and notes


