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Abstract: A five-step synthesis of 4-(1-mesyloxyethyl)-6-methyl-5-tosyl-1,2,3,4-tetrahydropyrimidin-

2-one via amidoalkylation has been developed. Reaction of this compound with C-, O-, S-, and N-

nucleophiles led to the highly diastereoselective formation of polysubstituted 2,3,4,5-tetrahydro-1H-

1,3-diazepin-2-ones as a result of ring expansion. The diastereoselectivity of the reaction depended on 

the nucleophile used and changed from cis to trans. The results obtained were explained by the 

formation of a bicyclic cyclopropane intermediate followed by cleavage of the zero bridge and 

stereoselective addition of the nucleophile to the resulting dihydro-1H-1,3-diazepin-2-one under kinetic 

control. The prepared cis-4-alkoxy-5-methyldiazepines reacted with alcohols under acidic conditions to 

give thermodynamically more stable trans-isomers. 
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Introduction 

The development of general approaches to rare heterocyclic scaffolds and studies on their structure and 

reactivity are important from the viewpoint of synthetic, theoretical, and medicinal chemistry. 

Monocyclic 1,3-diazepines and their partly hydrogenated derivatives are representatives of these 

scaffolds.1 General strategies for their synthesis include various ring expansion reactions. Specifically, 

one-carbon ring expansion of 4-chloromethyl-2-oxo-1,2,3,4-tetrahydropyrimidine-5-carboxylates under 

the action of nucleophiles gave access to the corrersponding 2-oxo-2,3,6,7-tetrahydro-1H-1,3-

diazepine-5-carboxylates.2,3 However, this synthesis suffers from the poor availability of the starting 

materials.3b,c Based on our general approach to 1,2,3,4-tetrahydropyrimidin-2-ones/thiones4 involving 

amidoalkylation of the enolates of α-functionalized ketones with N-(1-tosylalkyl)ureas and thioureas, 

we have developed a procedure for the synthesis of various 5-functionalized 4-(mesyloxymethyl)-

1,2,3,4-tetrahydropyrimidin-2-ones 1 (Scheme 1, R = H), and have demonstrated that these compounds 

can serve as key precursors for the preparation of 1,3-diazepin-2-ones 2 (R = H).5 
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Scheme 1. Synthesis of 1,3-diazepin-2-ones 2 via ring expansion of tetrahydropyrimidin-2-ones 1 

promoted by nucleophiles. 

 

 Our experimental data5 and DFT calculations5d proved that the ring expansion of pyrimidines 1 into 

diazepines 2 proceeds through bicyclic cyclopropane intermediates 3, which result from intramolecular 

nucleophilic substitution of the mesyloxy group by the anion formed after N(1)-H deprotonation. 

Intermediates 3 are very labile and undergo conversion into the final products 2 in the presence of 

nucleophiles via cleavage of the zero bridge. There are several pathways for the latter transformation.5d 

We hypothesized that investigation of the reaction diastereoselectivity might provide useful insights 

into the mechanism of the transformation. Thus, the synthesis of 4-(1-mesyloxyalk-1-yl)-1,2,3,4-

tetrahydropyrimidin-2-ones 1 (R ≠ H) with two stereocenters and the study of nucleophile-mediated 

ring-expansion of these compounds into diazepines 2 (R ≠ H) is highly desirable. Herein, we describe 

the preparation of 4-(1-mesyloxyethyl)-6-methyl-5-tosyl-1,2,3,4-tetrahydropyrimidin-2-one and its 

reactions with C-, O-, S-, and N-nucleophiles to give the corresponding 1,3-diazepin-2-ones. The 

mechanism of this reaction is discussed on the basis of the diastereoselectivity of the process. Some 

aspects of the structures and reactivity of the obtained diazepines are also reported. 

 

Results and Discussion 

According to our approach to tetrahydropyrimidin-2-ones,4 we started this work with the preparation of 

the amidoalkylating reagent, sulfone 4 (Scheme 2).  

 

 

 
Scheme 2. Synthesis of the starting amidoalkylating reagent, sulfone 4. 

 

This compound was obtained from 2-benzoyloxypropanal dimethyl acetal (5), which was 

hydrolyzed (80% aqueous HCOOH, 40 °C, 4 h) to give the corresponding aldehyde 6, followed by 
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addition of p-toluenesulfinic acid (1 equiv), urea (5 equiv) and water. The condensation was complete 

after 21 hours at room temperature to afford 4 in 88% yield as a mixture of two diastereomers in a ratio 

of 94:6. Sulfone 4 precipitated from the solution and was isolated in 95% purity by filtration (1H NMR 

data). The crude product was used in the next step without further purification. 

Sulfone 4 reacted with the sodium enolate of tosylacetone in dry MeCN at room temperature for 8 

hours to give oxoalkylurea 9 in 89% yield as a mixture of four diastereomers in a ratio of 38:36:13:13 

(Scheme 3). Heating 9 in MeCN at reflux for 2 hours in the presence of TsOH (0.5 equiv) resulted in 

cyclization to give hydroxypyrimidine 10, dehydration of which afforded tetrahydropyrimidine 11 in 

90% yield as a mixture of two diastereomers in a ratio of 52:48. 

 

 

 

Scheme 3. Synthesis of the precursor for 1,3-diazepine synthesis, tetrahydropyrimidine 13. 

 

 The benzoyl protection in 11 was removed under the action of KOH (5.3 equiv) in EtOH/H2O (rt, 4 

h) affording a 51:49 diastereomeric mixture of 4-(1-hydroxyethyl)pyrimidine 12 in 85% yield. The 

hydroxyl group in 12 was transformed into a mesyloxy group using MsCl (2 equiv) in the presence of 

DMAP (3 equiv) in CH2Cl2 (rt, 2 h). Pyrimidine 13 (two diastereomers in a ratio of 55:45) was isolated 

in 85% yield and 95% purity after extractive work-up (1H NMR data), and this crude material was used 

in the subsequent ring-expansion step. 

We studied the reactions of pyrimidine 13 with O-, C-, S-, and N-nucleophiles under conditions 

similar to those previously described.5 Treatment of a 55:45 diastereomeric mixture of 13 with MeONa 

in MeOH (rt, 2.5 h) gave 4-methoxydiazepine 14 in 93% yield as a single cis-diastereomer (Scheme 4). 

4-Ethoxydiazepine 15 was prepared analogously in 97% yield with excellent cis-diastereoselectivity 

(cis/trans = 93/7) from 13 and EtONa in EtOH (rt, 2 h). 
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Scheme 4. Nucleophile-promoted ring-expansion reactions of tetrahydropyrimidine 13. Reagents and 

conditions: a) MeONa, MeOH, rt, 2.5 h; b) EtONa, EtOH, rt, 2 h; c) NaCN, DMSO, rt, 6 h; 

d) PhSH, NaH, THF, rt, 2 h; e) potassium phthalimide, MeCN, reflux, 1.5 h. 

 

 When pyrimidine 13 was reacted with NaCN (1.98 equiv) in dry DMSO at room temperature for 

3.5 hours, the isolated material contained 10% of the minor diastereomer of the starting compound 13 

along with the expected product of ring expansion, cyanodiazepine 16. Reaction of compound 13 with 

NaCN (2.88 equiv) in DMSO at room temperature was complete in 6 hours to afford diazepine 16 in 

80% yield as a 94:6 mixture of cis- and trans-diastereomers. 

 Pyrimidine 13 smoothly reacted with PhSNa (1.14 equiv) generated by treatment of PhSH with 

NaH in THF (rt, 2 h) to give the expected 4-(phenylthio)diazepine 17 in 83% yield after silica gel 

column chromatography. This compound was obtained as a single trans-isomer. 

 Full trans-diastereoselectivity was also observed in the reaction of pyrimidine 13 with potassium 

phthalimide (1.29 equiv) in refluxing MeCN over 1.5 hours to afford 4-(phthalimido)diazepine trans-

18 in 95% yield. The use of DMSO as the solvent did not change the selectivity of this reaction and 

gave trans-18 in 82% yield (rt, 6 h). 

 The diazepine structures of the compounds 14-18 obtained were unambiguously established from 

their 1D and 2D NMR (1H,1H-COSY, 1H,13C-HSQC, 1H,13C-HMBC) spectra. In particular, the carbon 

chemical shifts of the C=C-CH3 fragments in compounds 14-18 (115.5–117.4, 143.4–147.5, and 19.8–

20.4 ppm in DMSO-d6, respectively) are typical for tetrahydro-1,3-diazepin-2-ones, and not 

tetrahydropyrimidin-2-ones. 

 A plausible pathway for the nucleophile-mediated transformation of pyrimidine 13 into diazepines 

14-18 based on our DFT calculations,5d reported experimental data,5,6 and current results is shown in 

Scheme 5. 
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Scheme 5. A plausible pathway for the ring expansion of pyrimidine 13 to give diazepines 14-18. 

 

 All the above ring-expansion reactions proceeded with full diastereoselectivity (for 14, 17, and 18) 

or excellent diastereoselectivity (for 15, 16). Therefore, the formation of diazepines 14-18 from a 55:45 

diastereomeric mixture of starting pyrimidine 13 proceeds through the same indermediate with one 

stereogenic center. Presumably, this intermediate could be dihydrodiazepine 19 arising from zero-

bridge cleavage in bicyclic compound 20. Thus, the diastereoselectivity of the ring-expansion reaction 

depends on the addition of nucleophiles to the C=N double bond of intermediate 19. 

 To confirm the proposed mechanism, we attempted to detect presumed intermediates in the reaction 

of pyrimidine 13 (a 55:45 diastereomeric mixture) with NaCN (1.3 equiv) in DMSO-d6 at 25 °C using 
1H NMR spectroscopy. The reaction was complete in 2.5 hours to give a 95:5 mixture of cis- and trans-

16. After 70 minutes, 7% of starting material 13 (unreacted minor isomer) was observed. No 

intermediates were detected in the NMR experiment because of their short lifetimes under the 

experimental conditions employed. 

 Unexpectedly, the diastereoselectivity of the ring expansion was dependent on the nucleophile used 

and changed from a cis-process (for MeONa, EtONa, and NaCN) to a trans-process (for PhSNa and 

potassium phthalimide). This can be explained by the reactions of intermediate 19 with nucleophiles 

under kinetic control. Bulky aryl-containing nucleophiles attack at C-4 of 19 exclusively from the side 

opposite to the 5-Me group to give trans-diazepines 17 and 18, while smaller nucleophiles attack from 

the same side of the 5-Me group to afford predominantly cis-diazepines 14-16. Although the reasons 

behind the cis-selectivity are not clear, we consider that stereoelectronic effects might be one 

possibility. 

 Kinetic control of the reaction of compound 13 with MeONa and EtONa was confirmed by 

isomerization of the resulting cis-14 and cis-15 into the corresponding trans-isomers. Indeed, we have 
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found that stirring cis-14 in MeOH (rt, 30 min) or cis-15 in EtOH (reflux, 30 min) in the presence of 

TsOH (0.1 equiv) gave trans-14 or trans-15 in 87% and 97% yields, respectively (Scheme 6). 

 

 

 
Scheme 6. Acid-catalyzed transformation of cis-14 and cis-15 into trans-14 and trans-15. 

 

 We assume that this isomerization proceeds by an SN1 mechanism through the formation of an 

acyliminium cation followed by addition of the nucleophile. Similarly, cis-14 was converted into trans-

15 in 76% yield by heating in EtOH at reflux for 30 minutes. 

 The above data demonstrate that cis-14 and cis-15 resulting from the ring expansion of 13 are 

thermodynamically less stable than the corresponding trans-isomers. This was confirmed by the DFT 

calculations (B3LYP/6-31+G(d,p)) performed for various conformers of cis-14 and trans-14 in the gas 

phase and DMSO solution using the polarizable continuum model (PCM). The calculations showed 

that trans-14 was more stable than cis-14 (2.08 and 3.73 kcal/mol for the gas phase and DMSO 

solution, respectively). Analogously, we found that trans-16 was more stable than cis-16 (1.31 

kcal/mol in the gas phase). 

 The stereochemistry of the diazepines 14-18 obtained was determined using 1H NMR spectroscopy. 

Proton couplings in the N(3)H-C(4)H-C(5)H fragment of these compounds were the most diagnostic. 

For example, the values of the vicinal coupling constant between N(3)H and H-4 for cis-14,15 (1.3-1.4 

Hz) compared with those for trans-14,15 (6.2 Hz) in DMSO-d6 prove, that these compounds exist 

predominantly in puckered conformations with pseudo equatorial and pseudo axial orientation of the 

alkoxy groups, respectively. The position of the 5-Me group in cis-14,15 and trans-14,15 is pseudo 

axial, which follows from the absence of long-range coupling between H-5 and 7-CH3 (see refs 5a-d). 

In addition, long-range couplings between N(3)H and H-5 (1.5 Hz) in cis-14,15 were observed. 

 

Conclusion 

We have developed a five-step synthesis of 4-(1-mesyloxyethyl)-6-methyl-5-tosyl-1,2,3,4-

tetrahydropyrimidin-2-one and demonstrated that its reactions with C-, O-, S-, and N-nucleophiles give 

access to polysubstituted 2,3,4,5-tetrahydro-1H-1,3-diazepin-2-ones. All the ring-expansion reactions 

proceeded with excellent diastereoselectivity, which depended on the nucleophile used and changed 

from a cis-process (for MeONa, EtONa, and NaCN) to a trans-process (for PhSNa and potassium 
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phthalimide). The results obtained are explained via formation of a bicyclic cyclopropane intermediate 

followed by zero-bridge cleavage and stereoselective addition of the nucleophile to the resulting 

dihydro-1H-1,3-diazepin-2-one under kinetic control. The prepared cis-4-alkoxy-5-methyldiazepines, 

in contrast to their 5-unsubstituted analogs, reacted with alcohols under acidic conditions to give the 

thermodynamically more stable trans-isomers. 

 

Acknowledgments 

This research was financially supported by the Russian Foundation for Basic Research (15-03-07564) 

and the Ministry of Education and Science of the Russian Federation (project part of government order, 

4.1849.2014/K). 

 

References 

1. For reviews on 1,3-diazepines, see: (a) De Borggraeve, W. M.;Van den Bogaert, A. M. “1,3-

Diazepines” in Comprehensive Heterocyclic Chemistry III; Katritzky, A. R., Ramsden, C. A., 

Scriven, E. F. V., Taylor, J. K., Eds.; Elsevier: Oxford, 2008; Vol. 13, pp. 161181; (b) Herr, R. J. 

“Seven-Membered Hetarenes with Two or More Heteroatoms” in Science of Synthesis; Weinreb, S. 

M., Ed.; Georg Thieme Verlag: Stuttgart, 2004; vol. 17, pp. 929972; (c) Sharp, J. T. “Seven-

membered ring compounds containing nitrogen in the ring” in Rodd's Chemistry of Carbon 

Compounds; Sainsbury, M., Ed.; Elsevier: Amsterdam, 1999; Second Supplements to the 2nd 

Edition, vol. IV, part K, pp. 153232; (d) Boyd, G. V. “Aromatic 7-ring systems with two or more 

heteroatoms” in HoubenWeyl: Methods of Organic Chemistry; Schumann, E., Ed.; Georg Thieme 

Verlag: Stuttgart, 1997; Vol. E9d, pp. 299–508; (e) Sharp, J. T. “Seven-membered Rings with Two 

or More Heteroatoms” in Comprehensive Heterocyclic Chemistry; Katritzky, A. R., Rees, C. W., 

Eds.; Elsevier, CD-ROM version, 1997; Vol. 7, pp. 593–651; (f) Le Count, D. J. “1,3-Diazepines” 

in Comprehensive Heterocyclic Chemistry II; Katritzky, A. R., Rees, C. W., Scriven, E. F. V., Eds.; 

Elsevier: Oxford, 1996; Vol. 9, pp. 139150; (g) Popp, F. D.; Noble, A. C. “The Chemistry of 

Diazepines” in Advances in Heterocyclic Chemistry; Katritzky, A. R.; Boulton, A. J., Eds.; 

Academic Press: New York and London, 1967; Vol. 8, pp. 2182. 

2. For a review including 1,3-diazepine synthesis from pyrimidines, see: Fesenko, A. A.; Shutalev, A. 

D. Chem. Heterocycl. Compd. 2013, 49, 827848. 

3. (a) Ashby, J.; Griffiths, D. J. J. Chem. Soc., Chem. Commun., 1974, 607–608; (b) Ashby, J.; 

Griffiths, D. J. J. Chem. Soc., Perkin Trans. 1, 1975, 657–662; (c) Bullock, E.; Garter, R. A.; 

Cochrane, R.; Gregory, B.; Shields, D. C. Can. J. Chem., 1977, 55, 895905; (d) Claremon, D. A.; 



 8

Rosenthal, S. A. Synthesis 1986, 664665; (e) Baldwin, J. J.; McClure, D. E.; Claremon, D. A. US 

Pat. 4677102, 1987 (Chem. Abstr. 1988, 109, 54794). 

4. (a) Shutalev, A. D.; Kuksa, V. A. Chem. Heterocycl. Compd. 1997, 33, 9195; (b) Shutalev, A. D. 

Chem. Heterocycl. Compd. 1997, 33, 14691470; (c) Shutalev, A. D.; Kishko, E. A.; Sivova, N. V.; 

Kuznetsov, A. Y. Molecules 1998, 3, 100106; (d) Fesenko, A. A.; Shutalev, A. D. Tetrahedron 

Lett. 2007, 48, 84208423; (e) Fesenko, A. A.; Cheshkov, D. A.; Shutalev, A. D. Mendeleev 

Commun. 2008, 18, 5153; (f) Fesenko, A. A.; Solovyev, P. A.; Shutalev, A. D. Tetrahedron 2010, 

66, 940–946; (g) Fesenko, A. A., Shutalev, A. D. Tetrahedron, 2010, 66, 7219–7226; (h) Fesenko, 

A. A., Shutalev, A. D. Tetrahedron 2014, 70, 5398–5414. 

5. (a) Fesenko, A. A.; Tullberg, M. L.; Shutalev, A. D. Tetrahedron 2009, 65, 23442350; (b) 

Fesenko, A. A.; Trafimova, L. A.; Cheshkov, D. A.; Shutalev, A. D. Tetrahedron Lett. 2010, 51, 

50565059; (c) Fesenko, A. A.; Shutalev, A. D. Tetrahedron, 2011, 67, 68766882; (d) Fesenko, 

A. A.; Trafimova, L. A.; Shutalev, A. D. Org. Biomol. Chem. 2012, 10, 447462. 

6. Shutalev, A. D.; Fesenko, A. A.; Cheshkov, D. A.; Goliguzov, D. V. Tetrahedron Lett. 2008, 49, 

4099–4101. 


