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Natural aldehydes, abundant in environment, are considered to 
be attractive biosourced compounds. Many of nature-derived 
aromatic and unsaturated aldehydes are frequently used as 
efficient building blocks for design of heterocyclic systems and 
biologically active substances. 

Typical representatives of natural aldehydes, such as 
cinnamaldehyde, vanillin, syringaldehyde and citral (and 
some  of their derivatives) exhibit diverse pharmacological 
properties,1–7  including anti-inflammatory,8 anticancer,9,10 
antibacterial,11 in particular bioactivity against drug-resistant 
pathogens and tumors.5,12–15 They are used as building blocks in 
design of drugs and its candidates.16–18

The expected synergism of such important biologically active 
motifs as those of pyrroles, oxazoles and natural aldehydes, 
when incorporated into a single molecule, could lead to the 
creation of new compounds with increased biological activity, 
which can minimize the problem of multidrug resistance. 

Among the suitable ways to combine these pharmacologically 
prospective subunits in one molecule might be our recently 
discovered click-like [3 + 2]-cyclization of pyrrolyl acetylenic 
ketones, readily available by the cross-coupling of pyrroles with 
acylhaloacetylenes in solid alumina,19–21 with simple carbonyl 
compounds to give pyrrolo[1,2-c]oxazoles (Scheme 1).22

Although the cyclization described above had a wide substrate 
scope, the carbonyl components were mainly represented by 
ketones, the aldehydes class was covered by few representatives. 
Any natural biologically active aldehydes were not studied at all.

The aim of this work was to verify whether the above protocol 
is transferrable over natural aldehydes such as cinnamaldehyde, 
vanillin, syringaldehyde (and their methylated derivatives) and 
citral. 

The experiments showed that the reaction of acetylenic 
ketone 1a with cinnamaldehyde under the previously described 
conditions22 (THF, 1 equiv. of KOH, 20–25 °C, 2 h) resulted in 
complex mixture of products, among which pyrrolo[1,2-c]
oxazole 2a was identified and isolated in 18% yield only 
(Scheme 2). The reaction was accompanied by significant 
tarring, probably due to base-catalyzed oligomerization of 
cinnamaldehyde and the addition of the NH-pyrrole moiety to 
the double bond of this aldehyde. 

Changing the solvent for diethyl ether (according to the 
previous screening results conditions22) allowed us to almost 
completely avoid the side processes and to obtain pyrrolo[1,2-c]
oxazole 2a in 61% yield with complete conversion of starting 
reagents (Scheme 3). 

Reaction rate, effect of metal cation (Na+ or K+) in the base 
and base amount (0.5 or 1 equiv.) were evaluated by monitoring 
the syntheses directly in NMR tube. The reactants were mixed 
with NaOH or KOH in Et2O and the NMR spectra were recorded 
during the reaction. With half amount (0.5 equiv.) of NaOH and 
KOH after 20 min the content of 2a were 14 and 57%, 
respectively, indicating the much higher activity of the latter 
base in this process. After 40 min the content became 29 and 
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yield, a novel family of pharmaceutically prospective 
compounds. 

N

R3

O N

OR4

R5

O R3

R4 R5

O
+

Base
R1

R2

R1

R2

H

Scheme  1

O

H

N

Ph

O

1a

H

2a

N

O

O Ph

+
i

Scheme  2  Reagents and conditions: i, KOH, THF, 20–25 °C, 2 h.
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81%, respectively. The content of product 2a reached 70% for 
NaOH after 120 min of reaction. For the same time with KOH 
about 5% of cinnamaldehyde and acetylene 1a still remained. As 
expected, equimolar amount of NaOH and KOH lead to higher 
reaction rate: 1a content were 28 and 70% after 20 min, 58 and 
94% after 40 min, and 90 and 99% after 120 min (Figure 1). 

Thus, the best isolated yield (61%) of target pyrrolo[1,2-c]
oxazole 2a was reached with equimolar amount of KOH when 
the reaction was lasted for 2 h at room temperature (see 
Scheme 3).† These conditions were further applied as arbitrarily 
optimal for extension of this reaction over acetylenic ketones 
1b–d (see Scheme 3). The yields of the corresponding 
pyrrolo[1,2-c]oxazoles 2b–d were within 51–67%.

Next, we have investigated the merging of acetylenic ketones 
1a–d with citral, an important widespread natural aldehyde. The 
latter commonly represent a 2 : 1 mixture of E-(geranial) and 
Z-(neral) isomers. The reaction under the above optimal conditions 
also proceeds smoothly, to deliver corresponding pyrrolo[1,2-c]
oxazoles 2e–h in 48–61% yields, the E : Z-isomers ratio (2 : 1) 
being retained in the products in all the cases (see Scheme 3). 

This reaction is accompanied by formation of a number of 
by-products as a result of base-catalyzed aldol condensation 
of  citral. The major isolated side product was substituted 
cyclohexadiene 3 in up to 10% yield (Scheme 4). 

The same condensation, yielding a number of products with 
predominance of compound 3, have been reported previously, 
spectral data (1H NMR) of 3 are in coincidence with published 
ones.23

As to the stereochemistry of the reaction, all the products 
have E-configuration of acylmethylidene moiety, i.e. this 
[3 + 2]-cyclization is strictly stereoselective. Apparently, the 
process is kinetically controlled because while NMR monitoring 
no formation of Z-isomer was observed. The cause of this is 
likely intramolecular H-bonding between the proton at the 
position 3 of pyrrole ring and carbonyl group, that is supported 
by the strong downfield shift of the above proton (ca. 1 ppm) 
compared to the starting acetylenic ketone. This stereochemical 
behavior is in contrast with the previous work with simpler 
carbonyl compounds,22 where the formation of both Z- and 
E-isomers was observed.

Structures of compounds 2 were confirmed by 1H and 
13C NMR spectroscopy using also 2D COSY, NOESY, HMBC, 
HSQC techniques. Main NOESY (¬®) correlations in 2a and 2e 
are presented in Figure 2.

Other aldehydes of aromatic series, such as vanillin and 
syringaldehyde, under the same conditions turned out to be 
inactive and were isolated unchanged from the reaction mixture. 
The expected condensation did not take place even when KOH 
content was two-times higher and process was carried out at 
reflux of the solvent (Et2O, 2 h). This result is predictable having 
in mind the interference of acidic phenol hydroxide in the 
process. One cannot exclude the influence of non-aromatic 
quinoid form of these aldehydes, which could present along with 
main benzoic tautomer.24 

The hurdle was overcome by methylation of the phenol 
hydroxide groups. The methylated derivatives of vanillin 
(veratraldehyde, 4a) and syringaldehyde (TMBA, 4b) became 
capable of merging with pyrrolyl acetylenic ketones 1a,c, albeit 
much slower (12 h), to provide the corresponding pyrrolo- 
[1,2-c]oxazoles 2i–l in 54–77% yields (Scheme 5). Note, that 
with the methylated derivative 4b of syringaldehyde the 
condensation proceeded more facile and cleaner, compared to 
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Figure  1  Effect of base and its amount on the formation of 2a. 

†	 General procedure for the synthesis of pyrrolo[1,2-c]oxazoles 2a–p. 
Pyrrolyl acetylenic ketone 1a–d (1 mmol) and aldehyde (1 mmol) were 
dissolved in diethyl ether (5 ml), then KOH · 0.5 H2O (65 mg, 1 mmol) 
was added. Reaction mixture was stirred at room temperature for 2 h for 
citral, cinnamaldehyde, aldehydes 4c,d and for 12 h for veratraldehyde 
4a and TMBA 4b (TLC silica gel control, n-hexane–diethyl ether, 1 : 1). 
Then reaction mixture was filtered, solvent was removed and the residue 
was purified by column chromatography (SiO2, n-hexane–diethyl ether 
from 10 : 1 to 2 : 1) to give pure pyrrolo[1,2-c]oxazole 2a–p.
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methylated derivative 4a of vanillin. This is likely associated 
with a more electrophilic nature of aldehyde group due to 
electron accepting effect of two meta-MeO-groups. Although, 
the observed general deceleration of the condensation is probably 
resulted from the steric hindrance for the attack of pyrrolate 
anion at the aldehyde group.

Another vanillin and syringaldehyde derivatives have been 
synthesized by reaction of both aldehydes with isobutyl vinyl 
ether (VIBE). Acetals formation was carried out in the VIBE 
medium without solvent to provide derivatives 4c,d with 
protected OH-group in yield up to 90% (Scheme 5). 

Cyclization of aldehydes 4c,d with pyrrolyl acetylenic 
ketones 1a,c to corresponding pyrrolo[1,2-c]oxazoles 2m–p 
proceeds smoothly at room temperature with complete 
conversion for 2 h. Pyrrolo[1,2-c]oxazoles are formed as 
E-isomers (see Scheme 5). 

An attention should be paid to dissimilarity of the reaction 
mechanism compared to that of the previous work. Essentially, 
the cyclization studied represents an intramolecular nucleophilic 
attack of the pyrrolate/carbonyl compound anionic adduct A to 
the triple bond (Scheme 6). 

Commonly, such reactions proceed as concerted trans-
addition,25 when emerging trans-carbanion is simultaneously 
neutralized by a proton-transfer agent, that secures the 

kinetically  controlled stereoselectivity. The E-stereoselectivity 
experimentally fixed here (1H NMR) needs understanding. 
Assumingly, the key intermediate, trans-carbanion B, cannot be 
neutralized with proton rapidly enough due to lack of water in 
Et2O. This allows trans–cis isomerization of the carbanion to 
occur, which should be facilitated with the formation of hydrogen 
bonding between pyrrole proton and carbonyl group (see above 
description of NMR spectra). Thus, the E-configuration of the 
adducts is predetermined already in the transition state C. Under 
the reaction conditions employed in the former work, the 
realization of such transition state however did not take place 
because in THF used there as a solvent the content of water 
(a proton-transfer agent) was much higher than in diethyl ether 
and, hence, the expected trans-addition occurred.

In conclusions, we have developed an efficient approach to 
new derivatives of pyrrolo[1,2-c]oxazoles based on smooth  
one-pot and atom-economy stereoselective [3 + 2]-cyclization of 
pyrrolyl acetylenic ketones with natural aldehydes and their 
derivatives, such as cinnamaldehyde, O-methylated derivatives 
of vanillin and syringaldehyde, citral. All molecular counterparts, 
natural aldehydes, pyrroles and oxazoles, possess wide spectrum 
of biological activities, and when being merged in one molecule 
provide new pharmaceutically prospective compounds. This 
work substantially expands the frontiers of the recently found 
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[3 + 2]-cyclization of available pyrrolyl acetylenic ketones with 
carbonyl compounds, that previously tolerated only ketones and 
just few simple aldehydes. Thus, the results obtained demonstrate 
a general character of the strategy, which opens new opportunities 
for medicinal chemistry and the F&F industry.

This work was supported by the research project plans in the 
State Register of the IPC RAS no. 122041100031-5. Authors 
acknowledge Baikal Analytical Center for collective use SB 
RAS and Limnological Institute SB RAS (HRMS-TOF Spectra) 
for the equipment.

Online Supplementary Materials
Supplementary data associated with this article can be found 

in the online version at doi: 10.71267/mencom.7571.

References
  1	 S.-H. Hong, I. A. Ismail, S.-M. Kang, D. C. Han and B.-M. Kwon, 

Phytother. Res., 2016, 30, 754; https://doi.org/10.1002/ptr.5592.
  2	 B. Al Tbakhi, H. Nsairat, W. Alshaer, A. Al-Kadash, W. Helal, 

L.  Alrawashdeh, A. Day, K. I. Assaf, R. Hassouneh, F. Odeh and 
A.  Al  Bawab, RSC Adv., 2022, 12, 7540; https://doi.org/10.1039/
D2RA00044J.

  3	 S. Banerjee and S. Banerjee, Physiologia, 2023, 3, 173; https://doi.
org/10.3390/physiologia3020013.

  4	 M. Albano, B. P. Crulhas, F. C. B. Alves, A. F. M. Pereira, 
B.  F.  M. T. Andrade, L. N. Barbosa, A. Furlanetto, L. P. da S. Lyra, 
V. L. M. Rall and A. F. Júnior, Microb. Pathog., 2019, 126, 231; https://
doi.org/10.1016/j.micpath.2018.11.009.

  5	 K. Thirapanmethee, P. Kanathum, P. Khuntayaporn, S. Huayhongthong, 
S. Surassmo and M. T. Chomnawang, Eur. J. Integr. Med., 2021, 48, 
101376; https://doi.org/10.1016/j.eujim.2021.101376.

  6	 R. Liu, T. He, N. Zeng, T. Chen, L. Gou and J.-W. Liu, Chin. Tradit. 
Herb. Drugs, 2013, 44, 1460; https://doi.org/10.7501/j.issn.0253-
2670.2013.11.019.

  7	 M. J. Fabra, J. L. Castro-Mayorga, W. Randazzo, J. M. Lagarón, 
A. López-Rubio, R. Aznar and G. Sánchez, Food Environ. Virol., 2016, 
8, 125; https://doi.org/10.1007/s12560-016-9235-7.

  8	 H. J. Lee, H. S. Jeong, D. J. Kim, Y. H. Noh, D. Y. Yuk and J. T. Hong, 
Arch. Pharm. Res., 2008, 31, 342; https://doi.org/10.1007/s12272-001-
1162-0.

  9	 C. Bailly, Eur. J. Pharmacol., 2020, 871, 172945; https://doi.org/ 
10.1016/j.ejphar.2020.172945.

10	 I. Kohei, T. Toshihiro, I. Hitoshi, Y. Makoto, Y. Hiroyuki, S. Masashi, 
T. Tsutomu, K. Kouji, O. Norio, I. Hiroyuki and K. Takao, Patent US 
6011069 A, 2000; https://patentimages.storage.googleapis.com/99/98/ 
4f/aa29e50ed6fc10/US6011069.pdf. 

11	 P. Lertsatitthanakorn, S. Taweechaisupapong, C. Aromdee and 
W. Khunkitti, Int. J. Aromather., 2006, 16, 43; https://doi.org/10.1016/j.
ijat.2006.01.006.

12	 A. A. Saddiq and S. A. Khayyat, Pestic. Biochem. Physiol., 2010, 98, 
89; https://doi.org/10.1016/j.pestbp.2010.05.004.

13	 P. Gupta, D. K. Patel, V. K. Gupta, A. Pal, S. Tandon and M. P. Darokar, 
Phytomedicine, 2017, 34, 85; https://doi.org/10.1016/j.phymed. 
2017.08.016.

14	 L. Yin, J. Chen, K. Wang, Y. Geng, W. Lai, X. Huang, D. Chen, H. Guo, 
J. Fang, Z. Chen, L. Tang, C. Huang, N. Li and P. Ouyang, Microb. 
Pathog., 2020, 145, 104208; https://doi.org/10.1016/j.micpath. 
2020.104208.

15	 M. H. Mukhtar, M. Z. El-Readi, M. E. Elzubier, S. H. Fatani, B. Refaat, 
U. Shaheen, E. B. Adam Khidir, H. H. Taha and S. Y. Eid, Molecules, 
2023, 28, 3415; https://doi.org/10.3390/molecules28083415.

16	 C. Stevens, B. Roman, C. Mangodt and O. de Wever, Patent WO 
2023232866 A1, 2023; https://patentimages.storage.googleapis.
com/7e/4d/22/8880ea60ac0c15/WO2023232866A1.pdf. 

17	 B. Chen, J. Wu, Z. Yan, H. Wu, H. Gao, Y. Liu, J. Zhao, J. Wang, J. Yang, 
Y. Zhang, J. Pan, Y. Ling, H. Wen and Z. Huang, J. Med. Chem., 2023, 
66, 16680; https://doi.org/10.1021/acs.jmedchem.3c01326.

18	 Q. Feng, J. Zhang, S. Luo, Y. Huang, Z. Peng and G. Wang, Eur. J. 
Med. Chem., 2023, 262, 115920; https://doi.org/10.1016/j.ejmech.2023. 
115920.

19	 B. A. Trofimov, Z. V. Stepanova, L. N. Sobenina, A. I. Mikhaleva and 
I.  A. Ushakov, Tetrahedron Lett., 2004, 45, 6513; https://doi.
org/10.1016/j.tetlet.2004.06.114.

20	 B. A. Trofimov and L. N. Sobenina, in Targets in Heterocyclic Systems, 
eds. O. A. Attanasi and D. Spinelli, Società Chimica Italiana, Roma, 
2009, vol. 13, pp. 92–119; https://www.soc.chim.it/sites/default/files/
ths/old/vol_13_2009.pdf.

21	 L. N. Sobenina and B. A. Trofimov, Molecules, 2020, 25, 2490; https://
doi.org/10.3390/molecules25112490.

22	 D. N. Tomilin, S. A. Stepanova, L. N. Sobenina, I. A. Ushakov and 
B. A. Trofimov, New J. Chem., 2023, 47, 17810; https://doi.org/10.1039/
D3NJ03142J.

23	 A. F. Thomas and R. Guntz-Dubini, Helv. Chim. Acta, 1976, 59, 2261; 
https://doi.org/10.1002/hlca.19760590642.

24	 S. G. Semenov and M. V. Makarova, Russ. J. Gen. Chem., 2010, 80, 
1806; https://doi.org/10.1134/S107036321009015X.

25	 J. I. Dickstein and S. I. Miller, in The Chemistry of the Carbon–Carbon 
Triple Bond, ed. S. Patai, Wiley, New York, 1978, vol. 2, pp. 813–955; 
https://doi.org/10.1002/9780470771570.ch8.

Received: 16th July 2024; Com. 24/7571 

http://dx.doi.org/10.1002/ptr.5592
http://dx.doi.org/10.1039/D2RA00044J
http://dx.doi.org/10.1039/D2RA00044J
http://dx.doi.org/10.3390/physiologia3020013
http://dx.doi.org/10.3390/physiologia3020013
http://dx.doi.org/10.1016/j.micpath.2018.11.009
http://dx.doi.org/10.1016/j.micpath.2018.11.009
http://dx.doi.org/10.1016/j.eujim.2021.101376
http://dx.doi.org/10.7501/j.issn.0253-2670.2013.11.019
http://dx.doi.org/10.7501/j.issn.0253-2670.2013.11.019
https://doi.org/10.1007/s12560-016-9235-7
https://doi.org/10.1007/s12272-001-1162-0
https://doi.org/10.1007/s12272-001-1162-0
http://dx.doi.org/10.1016/j.ejphar.2020.172945
http://dx.doi.org/10.1016/j.ejphar.2020.172945
https://patentimages.storage.googleapis.com/99/98/4f/aa29e50ed6fc10/US6011069.pdf
https://patentimages.storage.googleapis.com/99/98/4f/aa29e50ed6fc10/US6011069.pdf
http://dx.doi.org/10.1016/j.ijat.2006.01.006
http://dx.doi.org/10.1016/j.ijat.2006.01.006
http://dx.doi.org/10.1016/j.pestbp.2010.05.004
http://dx.doi.org/10.1016/j.phymed.2017.08.016
http://dx.doi.org/10.1016/j.phymed.2017.08.016
http://dx.doi.org/10.1016/j.micpath.2020.104208
http://dx.doi.org/10.1016/j.micpath.2020.104208
http://dx.doi.org/10.3390/molecules28083415
https://patentimages.storage.googleapis.com/7e/4d/22/8880ea60ac0c15/WO2023232866A1.pdf
https://patentimages.storage.googleapis.com/7e/4d/22/8880ea60ac0c15/WO2023232866A1.pdf
https://doi.org/10.1021/acs.jmedchem.3c01326
https://doi.org/10.1016/j.ejmech.2023.115920
https://doi.org/10.1016/j.ejmech.2023.115920
http://dx.doi.org/10.1016/j.tetlet.2004.06.114
http://dx.doi.org/10.1016/j.tetlet.2004.06.114
https://www.soc.chim.it/sites/default/files/ths/old/vol_13_2009.pdf
https://www.soc.chim.it/sites/default/files/ths/old/vol_13_2009.pdf
http://dx.doi.org/10.3390/molecules25112490
http://dx.doi.org/10.3390/molecules25112490
http://dx.doi.org/10.1039/D3NJ03142J
http://dx.doi.org/10.1039/D3NJ03142J
http://dx.doi.org/10.1002/hlca.19760590642
https://doi.org/10.1134/S107036321009015X
https://doi.org/10.1002/9780470771570.ch8

