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dine is the smallest nitrogen-containing saturated 
cycle possessing reasonable chemical stability. Its inherent 
ikeness1 and conformational rigidity2 make azetidines an 
tive fragment to build more complex molecular scaffolds 
d. Azetidine-containing building blocks have been widely 
for drug design3–5 and are part of natural products.6–8 
g pharmaceutical products, notable examples include 
pertensive calcium channel blocker Azelnidipine,9 
en-activated protein kinase inhibitor Cobimetinib10 and 
nticoagulant Ximelagatran.11

mbining azetidinone motif with such attractive features as 
yclic arrangement of several rings, a centerpiece of modern 
design12 as well as very ‘natural-like’ molecular design 
dering the omnipresence of spirocycles in natural 
cts,13 appears a very sensible move when the target-
tic drug design is concenrned.14 In choosing which 

spirocycles to construct using the azetidinone motif, a balance 
should be maintained between the privileged character of the 
specific spirocyclic motif and the novelty of the scaffold being 
constructed. For instance, 5-oxa-2-azaspiro[3.4]octane scaffold 
alone is so omnipresent in Reaxys database (> 2000 hits in 
biomedical area alone) that it can be almost regarded as 
privileged.15 However, fusing this oxa/aza spirocycle to a 
pyrimidine ring (also a privileged heterocycle) produced only a 
few hits with no biomedical information reported for them 
(Figure 1). Hence, we set off to synthesize several exemplary 
Boc-protected 7'H-spiro[azetidine-3,5'-furo[3,4-d]pyrimidine] 
building blocks with an intention to use them in drug discovery. 
Herein, we report our findings in this regard.

The synthesis commenced with commercially available  
Boc-protected azetidin-3-one 1 which was subjected to the 
Horner–Wadsworth–Emmons olefination with triethyl 
phosphonoacetate (Scheme 1). The olefinic product 2 was 
condensed with methyl glycolate and the initial Michael adduct 
was subjected to intramolecular decarboxylative Claisen 
condensation to furnish known16 tert-butyl 7-oxo-5-oxa-2-aza
spiro[3.4]octane-2-carboxylate 3. The latter was condensed with 
dimethyl formamide dimethyl acetal Me2NCH(OMe)2 which 
added to unsymmetrical ketone 3 regiospecifically. Without 
isolation, the intermediate (dimethylamino)methylene derivative 
4 was condensed with various amidine hydrochlorides in the 
presence of sodium methoxide to afford spirotricyclic products 
5a–e. 
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Figure  1  Occurrence of 5-oxa-2-azaspiro[3.4]octane scaffold in the 
literature.
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Compounds 5a–e represent novel and valuable building 
blocks for library development. Moreover, they proved rather 
stable and could be kept at room temperature for extended period 
of time with no sign of decomposition as checked by 1H NMR. 
However, removal of the Boc group either with trifluoroacetic 
acid in dichloromethane or with 4 m HCl in 1,4-dioxane gave 
substances that, to our disappointment, deteriorated quite rapidly 
both in the solution or as dry salts. 

In order to circumvent this obstacle, we developed a protocol 
for a rapid swap of the Boc group to other acyl group which, we 
reasoned, would stabilize the scaffold again. For the model 
acylating agent, we chose 5-nitrofuran-2-carboxylic acid as a 
potential source of antibacterial pharmacophore.17,18 The 
procedure involved preliminary pre-activation of this carboxylic 
acid with 1,1'-carbonyldiimidazole (CDI) and separate brief 
deprotection of compounds 5a–e with trifluoroacetic acid in 
dichloromethane at 0 °C followed by treatment with 
trimethylamine to convert them into free NH-bases. The latter 
solution was rapidly added to the solution of 5-nitrofuran-2-
carbonyl imidazolide. This resulted in the formation of 
N-acylated derivatives 6a–e which proved stable to 
chromatographic isolation, characterization and subsequent 
storage at ambient temperature and in ambient atmosphere (see 
Scheme 1).

In summary, we have designed and synthesized a novel 
spirocyclic scaffold of 7'H-spiro[azetidine-3,5'-furo[3,4-d]
pyrimidine] chemotype containing azetidine moiety, in a Boc-
protected form. However, the scaffold was found to be unstable 
when deprotected. The solution was found in the brief removal 
of the Boc protecting group and rapid acylation of the liberated 
NH-azetidine with a carboxylic acid imidazolide. Once acylated, 
the compounds were stable to chromatography and subsequent 
storage in ambient atmosphere and at ambient temperature, 
which makes them promising for biological testing.

We gratefully acknowledge financial support from the 
Russian Foundation for Basic Research (grant no. 21-53-12001). 
We thank the Center for Chemical Analysis and Materials 
Research of Saint Petersburg State University Research Park for 
obtaining the analytical data. This work was performed using the 
equipment of the Shared Science and Training Center for 
Collective Use RTU MIREA and supported by the Ministry of 
Science and Higher Education of the Russian Federation within 
the framework of agreement no. 075-15-2021-689 dated 
01.09.2021. 

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

in the online version at doi: 10.1016/j.mencom.2023.04.008.

References
  1	 B. Raymer and S. K. Bhattacharya, J. Med. Chem., 2018, 61, 10375.
  2	 A. Nadin, C. Hattotuwagama and I. Churcher, Angew. Chem., Int. Ed., 

2012, 51, 1114.
  3	 C. R. Butler, E. M. Beck, A. Harris, Z. Huang, L. A. McAllister, 

C. W. am Ende, K. Fennell, T. L. Foley, K. Fonseca, S. J. Hawrylik, 
D.  S. Johnson, J. D. Knafels, S. Mente, G. S. Noell, J. Pandit, 
T. B. Phillips, J. R. Piro, B. N. Rogers, T. A. Samad, J. Wang, S. Wan 
and M. A. Brodney, J. Med. Chem., 2017, 60, 9860.

  4	 K. D. Rice, N. Aay, N. K. Anand, C. M. Blazey, O. J. Bowles, 
J.  Bussenius, S. Costanzo, J. K. Curtis, S. C. Defina, L. Dubenko, 
S.  Engst, A. A. Joshi, A. R. Kennedy, A. I. Kim, E. S. Koltun, 
J. C. Lougheed, J.-C. L. Manalo, J.-F. Martini, J. M. Nuss, C. J. Peto, 
T. H. Tsang, P. Yu and S. Johnston, ACS Med. Chem. Lett., 2012, 3, 416.

  5	 B. I. Ericksson, S. Carlsson, M. Halvarsson, B. Risberg and C. Mattsson, 
Thromb. Haemostasis, 1997, 78, 1404.

  6	 F. Yan, D. Auerbach, Y. Chai, L. Keller, Q. Tu, S. Huettel, A. Glemser, 
H. A. Grab, T. Bach, Y. Zhang and R. Mueller, Angew. Chem., Int. Ed., 
2018, 57, 8754.

  7	 C.-Y. Lai, I.-W. Lo, R. T. Hewage, Y.-C. Chen, C.-T. Chen, C.-F. Lee, 
S. Lin, M.-C. Tang and H.-C. Lin, Angew. Chem., Int. Ed., 2017, 56, 
9478.

  8	 K. Higuchi, K. Suzuki, H. Nakanishi, H. Yamaguchi, N.-K. Nishizawa 
and S. Mori, Plant Physiol., 1999, 119, 471.

  9	 K. Oizumi, H. Nishino, H. Koike, T. Sada, M. Miyamoto and T. Kimura, 
Jpn. J. Pharmacol., 1989, 51, 57.

10	 J. Larkin, P. A. Ascierto, B. Dréno, V. Atkinson, G. Liszkay, M. Maio, 
M. Mandalà, L. Demidov, D. Stroyakovskiy, L. Thomas,  
L. de la Cruz-Merino, C. Dutriaux, C. Garbe, M. A. Sovak, I. Chang, 
N. Choong, S. P. Hack, G. A. McArthur and A. Ribas, N. Engl. J. Med., 
2014, 371, 1867.

11	 G. Y. Lip, L. H. Rasmussen, S. B. Olsson, E. C. Jensen, A. L. Persson, 
U. Eriksson and K. F. C. Wåhlander, Eur. Heart J., 2009, 30, 2897.

12	 K. Hiesinger, D. Dar’in, E. Proschak and M. Krasavin, J. Med. Chem., 
2021, 64, 150.

13	 E. Chupakhin, O. Babich, A. Prosekov, L. Asyakina and M. Krasavin, 
Molecules, 2019, 24, 4165.

14	 J. G. Moffat, F. Vincent, J. A. Lee, J. Eder and M. Prunotto, Nat. Rev. 
Drug Discovery, 2017, 16, 531.

15	 M. E. Welsch, S. A. Snyder and B. R. Stockwell, Curr. Opin. Chem. 
Biol., 2010, 14, 347.

16	 D. B. Li, M. Rogers-Evans and E. M. Carreira, Org. Lett., 2013, 15, 
4766.

17	 M. Krasavin, A. Shetnev, V. Panova, S. Ivanovskyi, S. Kalinin, 
T. Vinogradova, V. Sharoyko and P. Yablonsky, Mendeleev Commun., 
2022, 32, 452.

18	 E. V. Verbitskiy, S. A. Baskakova, N. A. Gerasimova, N. P. Evstigneeva, 
N. V. Zil’berberg, N. V. Kungurov, M. A. Kravchenko, G. L. Rusinov, 
O. N. Chupakhin and V. N. Charushin, Mendeleev Commun., 2018, 28, 
393.

Received: 4th October 2022; Com. 22/7011 

N

O

ButO

O

N
ButO

O

EtO2C

N
ButO

O

O O

N
ButO

O

O O

NMe2

N
ButO

O

O

N

N
R

1

i

2

ii, iii

3

iv

4

v

5a–e

N

O

O

N

N

RO
O2N

vi

6a–e

36–44%

54–67%

92% 61%

R = c-C3H5
R = Ph
R = Me

R = Prn

R = Cy
a
b
c

d 
e

Scheme  1  Reagents and conditions: i, (EtO)2P(O)CH2CO2Et, NaH, THF, 
0 ® 20 °C, 18 h (92%); ii, HOCH2CO2Me, NaH, Et2O; iii, DMSO, 
0 ® 20 °C, 18 h (61%); iv, Me2NCH(OMe)2, room temperature, 18 h; 
v, RC(=NH)NH2∙HCl, MeONa, MeOH, 0 °C ® reflux, 18 h; vi, CF3CO2H, 
CH2Cl2, 0 °C, 1 h, then dissolution in DMF/Et3N and treatment with CDI-
activated (DMF, 0 °C, 1 h) 5-nitrofurancarboxylic acid, room temperature, 
18 h. 


