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INFLUENCE OF SUBSTITUENTS ON THE SPECTRAL DATA
OF SYDNONES

Florin ALBOTA?, Mihaela TOCIU?, Michaela DINA STANESCU®",
Florea DUMITRASCU*

The sydnones are among the first discovered mesoionic stable compounds.
Their structure allows an interesting behavior making these compounds useful as
drugs or as synthons for drug synthesis. The potential biological activity is
influenced by the molecular geometry of the compound. Thus, a study of the
molecular shape of some sydnones seems of interest. The spectral data (UV-Vis, IR
and NMR) are proper tools for such investigation.
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1. Introduction

The sydnones are heterocyclic compounds discovered by Earl and
Mackney [1] and have interesting properties due to their mesoionic structure
which allows interaction with biological important compounds (proteins, DNA,
etc.) as well as the capability to cross membranes [2]. These properties explain
their application as drugs for different diseases [3-6].

Sydnones are synthons for the preparation of numerous compounds due to
their high reactivity [7].

The interest for the synthesis and characterization of such compounds has
been developed longtime ago in the laboratories of the “C.D. Nenitzescu” Centre
of Organic Chemistry, the first paper on the subject being published in 1965 [8].
Starting from there a number of sydnones have been synthesized and studied.
Also, their cycloaddition reactions, leading to new heterocyclic with nitrogen
were investigated. Such compounds are of interest due to their potential biological
activity as antibacterial, antifungal and even antitumor agents [9-12]. Some of the
papers describing the work of our laboratory are mentioned here [13-15].
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The structure of studied sydnones 1-5 is of interest, due to the conjugation
reflected in the resonance structures accepted for these compounds. Thus, the UV-
Vis spectra of a number of sydnones have been performed and the experimental
results are explained using also other information revealing their molecular
geometry (IR and NMR spectra, crystallographic data).

2. Experimental

The analyzed sydnones have been synthesized in the laboratory of Centre
of Organic Chemistry and the experimental details of their preparation presented
elsewhere [16].

The UV-Vis spectra were performed in solutions of analytical grade
solvents (CH,Cl, and C,HsOH).

The UV-Vis spectrophotometer is a Helios Beta type with Vision soft,
having a spectral window 200-800 nm. The solution absorption has been
determined in 1 cm path length quartz cell.

The values for the characteristic absorption (A, €) were presented in Table
1.

3. Results and Discussion

The sydnones are generally prepared starting from N-substituted glycine,
by nitrosation followed by cyclization. The sydnones have stable conjugated
structures, with a number of resonance forms, as presented before [17]:
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Fig. 1. Limited structures of sydnones

The presence of the N-substituent, (R = aryl or alkyl) is compulsory,
otherwise, due to prototropy neutral species are obtained.

The N-phenylsydnone 1 has been synthesized according to the
experimental procedure of Thoman and VVoaden [18].
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The sydnones 2-5 have been prepared, as previously described [16].
Starting from the same N-phenylglycine (6) by nitrosation (compound 7) followed
by one pot cyclization and acetylation leading to compound 2. By bromination
with bromine in acetic acid the sydnone 3 was prepared (see Scheme 1)

QNH CH,COOH — @NfCHzCOOH

@g @g
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Scheme 1

The sydnone 3 is the precursor for the synthesis of two sydnone N-ilydes 7
and 8 by treatment with the corresponding heterocyclic compounds (see Scheme
2).
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From the ilydes 7 and 8, the compounds 4 and 5 have been prepared by the
well-known Huisgen 1-3 cycloaddition reaction [19] (see Scheme 3).

X
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Scheme 3

70r8 + R—C=C—R; e

N—O
R = COOCHjs C]
Ry = H; COOCHj3 4a R=COOCH;3, Ry =H; X=N
4b R=R;=COOCH3; X =N
5a R=COOCH3, R; =H; X=CH
5b R =R;=COOCHS3; X = CH
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All the new synthesized sydnones have been purified and characterized by
elemental analysis, IR and NMR spectra. For the compound 5a the X-ray
structural conformation was previously described [16].

The compounds obtained by these syntheses have different substituents
into the 4 position of sydnone ring fact leading to changes into the molecular
geometry.

Some information about the molecular geometry of these compounds may
be obtained by performing their UV-Vis spectra. Thus, the planarity of the
molecules is suggested by the possible extended conjugation, identified through
the A values characteristic for each of these sydnones. Besides, the change of
solvent polarity may give information concerning the molecular geometry of the
mesoionic compounds. Thus, the UV-Vis spectra have been performed in CH,Cl;,
C,HsOH, two solvents with different polarity as well as solvation capacity.

The experimental results of spectral data for the studied sydnones are
presented in Table 1.

Table 1
Spectral data of sydnones 1-5
CH,Cl, C,HsOH veo (cm™) NMR
Compound A (nm)/ A (nm)/ endo/ (exocyclic
gM*em™) eM*ecm™) exocyclic CO)
1 (R=H) 313/6.810° 311/6.810° 1755/- -
2 (R=-COCH,) 324/8.1310° 323/9.510° 1797.3 184.1
/1666.2
3 (R=-COCH,Br) | 331/8.510° 328/8.310° 1790/1680 178.1
4a (R= COHet,) 280/1.810" 275/3.210° 1776/1709 168.8
315/1.2'10 315/1.2'10
365/3.558 364/2.010°
382/2.415
4b (R= COHet,) 260/2.310" 267/1.610" 1726/1709 170.2
266/2.2'10 273/1.610
313/1.2410" 313/5.310°
345/1.510 340/5.510°
372/110°
5a (R= COHet,) 270/2.110° 269/1.310° 1758/1700 169.0
328/1.2'10 325/5.310°
408/1.410* 399/8.010°
422/1.02:10"
5b (R= COHet,) 268/2.110" 265/2.210" 1760/1711 170.6
334/1.3410° 332/3.2310°
415/1.9.10°* 404/4.310°
425/1.610°*

The values of wavelength (1) and the corresponding molar absorptivity ()
for the m electrons transitions are presented for a number of seven compounds.
The structures of these compounds are as follows:



Influence of substituents on the spectral data of sydnones 105
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The change of the solvent has no significant influence on the values of the
absorption wave lengths, the solvent polarity does not seem so important for the
stabilization of the fundamental state as well as for the excited state of these
molecules. In most of the cases a small hipsochromic effect is observes in ethanol,
due most probably to the lower polarity of this solvent [20].

The & values (10°- 10*) suggest 7 — 7 transitions, types B and E [20].

The Amax Value for compound 1 discloses a conjugation of the sydnone ring

with the phenyl, generating new limited structures than those mentioned above
(see Fig.2.) [21]:
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Fig. 2. Structures showing the conjugation of sydnone with the phenyl ring in 3-phenyl sydnone

Such conjugation explains the bathochromic effect observed by
comparison with 3-alkyl sydnones characterized by a Amax Value of 290 nm[22].
The C, acetylation leads also to a bathochromic shift, most probably due

to the extended conjugation of the sydnone ring with the external (exo) CO group,
as shown in Fig. 3.

Fig. 3. Structures showing the conjugation in compound 2
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As expected, the presence of the bromine atom (possessing n electrons) in
compound 3 enhances the bathochromic shift. The planarity of the sydnone ring
and of the bromoacetyl group, compulsory for conjugation, has been confirmed by
the crystallographic study of this molecule [23]. In sydnones 2 and 3, the phenyl
group makes, most probably, a dihedral angle of 55° with the acetyl sydnone
moiety like in the similar 4-acetyl-3(p-anisyl)sydnone [24]. Thus, in compounds 2
and 3 no conjugation with the phenyl ring, such as in 3-phenyl sydnone (1)
occurs.

The values of the IR stretching bands for the exocarbonyl group [16, 21,
25] are similar with those of substituted acetophenone [26]. The results agree with
the previously observed inductive effect of the phenyl substituent in similar
molecules [27].

The insertion of complex heterocyclic groups, by the reactions presented
in Scheme 2 and 3, extends the conjugation chain, fact reflected into higher
bathochromic shifts observed for compounds 4a, 4b, 5a and 5b.

The geometry of these molecules allows the conjugation, the carbonyl
group being situated in the same plane with the heterocyclic moieties. As for the
compounds 2 and 3 and other similar sydnones, the phenyl ring is deviated from
this plane [16].

The aspect of the UV spectra for these compounds is complex, with a
number of absorption maxima generated most probably by partial or total
conjugation. The longest conjugation chain, characteristic to molecules 4a,b and
5a,b is presented in the following figure (see Fig. 4.).

4a R=COOCHgz R;=H; X=N
4b R=R;=COOCHz X=N

5a R=COOCHg Ry =H; X=CH
50 R=R; =COOCH;g; X = CH

Fig. 4. Conjugation chain in compounds 4a,b and 5a,b

The supplementary absorption peaks in dichloromethane may be attributed
to a charge transfer band between the n electrons of the carbonyl oxygen and the
phenyl ring. Such assertion is confirmed by the fact that in ethanol these
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absorption peaks are not observed, most probably due to the n-electrons involved
in the hydrogen bonding with the hydroxyl group of the solvent [27].

6. Conclusions

Based on the analysis of the spectral data, the molecular geometry of
studied sydnones depends on the substituent from position 4. A hydrogen
substituent leads to conjugation sydnone-phenyl. Starting with acetyl the phenyl
ring is deviated from planarity conjugation involving in this case the sydnone ring
and the RCO part.

The complex structures of compounds 4 and 5 generate a number of
absorption of = — n_ type. The n-electrons of oxygen carbonyl may be involved in
a charge-transfer complex with the neighboring phenyl ring these absorptions
being evidenced in the non-hydroxylic solvent.
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