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Abstract  - Condensation of 3,4,5-triamino-2H-1,2,6-thiadiazine 1,l-dioxide 

with phthalaldehyde afforded a tetracyclic system of thiadiazino[3'4':4,5]imidazo- 

[2,1-alisoindole 2,2-dioxide. In order to establish the correct structure it was 

necessary to use an 1Wlabelled thiadiazine derivative as starting material. Ab initio 

theoretical calculations and the Onsager model have been used to study annular 

tautomerism in this novel structure. 

For quite some time, we have been interested in heterocycles containing the aminosulfonylamino, N-S02- 

N, group.' The interest in these compounds is due not only to their particular structural features but also to 

a variety of biological activities they have shown.2.3 Within this context, we were interested in polycyclic 

derivatives incorporating the 1,2,6-thiadiazine 1,l-dioxide ring and so, we decided to study the reaction 

between the 3,4,5-triamino-1,2,6-thiadiazine (1) and phthalaldehyde. 

The reaction of o-phenylenediarnines with aromatic dicarbonyl compounds to give isoindolo[2,1-a]- 

benrimidazoles bas been extensively explored.4 In some cases, there has been some controversy on 

whether the final compound obtained could be the corresponding 1,4-benzodiazocine although mostly, the 

compounds have later been shown to be the imidazo[2,1-alisoindole derivatives? 

In this paper, we want to report a more interesting case in which the starting diamino compound is 

thiadiazine (1) which can, in principle, give rise to both thiadiazinoimidazo[2,1-alisoindoles (2) and (3). 

These isomers cannot be distinguished on the basis of NMR data, so it was necessary to use, as starting 

material, an 15N labelled thiadiazine ( lb )  to definitely establish the structure as (2). A detailed study of the 

annular tautomerism of this novel structure by quantum mechanical ab initio calculations is also reported. 

Reaction of 3,4,5-triamino-2H-1,2,6-thiadiazine l,l-dioxide ( laI6 with phthalaldehyde in methanol. at 

room temperature, afforded compound (2a). (Scheme 1). 



1834 HETEROCYCLES, VOl. 48, NO. 9,1998 

Scheme 1 

As mentioned above, in the reaction of triamino-2H-l,2,6-thiadiadne with phthalaldehyde two isomeric 

structures (2 and 3) are possible. However, in this case only one of the two possible isomers was 

obtained. The 'H NMR, 13C NMR (Table 1) and analytical data were compatible with both structures (2a) 

and (3) and it was not possible on these basis to distinguish between the two isomers. 

Table 1. I3C NMR spectral data (6, J  in Hz, DMSO-d6) 

Compd C- l la  C-l0b C-4 C-4a C-6 Other signals 

2a 154.8 154.5 152.7 102.9 50.6 143.6 129.3 128.6 127.7 124.0 120.6 

3J = 1.3 

2b 154.7 154.6 152.7 102.9 50.5 143.5 129.3 128.5 127.6 124.0 120.6 

6 155.7 155.6 152.2 102.8 50.6 143.6 129.3 128.7 127.4 123.9 120.0 29.3 

3J = 3.0 ' J  = 1.6 ' J  = 4.5 
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In order to definitely assign the structure of the isomer formed, an 15N-lahellcd 3,4,5-triamino-2H-l,2,6- 

thiadiazine ( l b )  was prepared following the synthetic procedure descrihed for (la).6 Thus, reaction of 

3,s-diamino-4H-l,2,6-thiadiazine 1,l-dioxide' with Na ISNO2 (5% enriched) in acetic acid solution and 

sodium dithionite afforded the triamino derivative ( lb)  unequivocally labelled at the 4-amino group. 

Reaction of l b  with phthalaldehyde in the same conditions as above, affordcd only one compound (Zb). 

The isomeric structure was finally identified by I5N NMR. The assignments of the chemical shifts of 

compound (2a) have been established by comparison with 1,2,6-thiadiazine deri~atives.~,Y Compounds(2) 

and (3) contain two types of nitrogen in the ring: the sp2-type nitrogen which appears at lower field (6 = 

154.8 ) and the sp3-type nitrogen atom at higher field (6 = 292.1, 265.7 and 260.4 ) with a difference in 

chemical shift of about 100 ppm (Table 2). The I5N NMR spectrum of the lsN-labelled compound (2b) 

shows only one signal at 6 = 259.0 corresponding to an sp3-type nitrogen atom (N-5) and therefore, only 

compatible with structure (2b). 

Table 2. 15N NMR data for compounds (2P  

Compd NHz N- 1 N-5 N - l l  

2ab 292.1 265.7 260.4 154.8 

2 b  259.0 

a Shifts are in ppm and negative from external nitromethane in 
DMSO-d6. Due to the poor solubility of this compound in 
DMSO-d6 it was not possible to record the signal correspondmg to 
the N-3, which appears at 6 = 150-180 in other 1,2,6-thiadiazine 
derivatives.KY 

In agreement with this fact, in the I3C NMR coupled spectrum of compound (2a) the carbon atom whose 

chemical shift corresponds to C- I l a  appears as a singlet and the more shielded quaternary carbon atom 

C-4a as a triplet due to the coupling with hydrogens of the CH2 group. 

A definite mechanism for the formation of only compound (2) is difficult to propose. One possibility could 

be the rearrangement of a 1,Cbezodiazocine type intermediate such as 4 , that could end in both 2 or 

3 . The other alternative could be a two-step sequence starting with the formation of the Schiff base 

between the proven more reactive amino group at position 4 of thiadiazine (1) and ring closure to the 

imidazolidine type ring (5). Finally, the second aldehyde function could close on one of the NH groups to 

give the isoindole derivatives (2) and (3). There is no significant evidence in favour of one or the other 

pathways although we have found that the type (5) thiadiazine structure, without the second aldehyde 

group, is readily oxidized in the reaction medium to the corresponding imidazo[4,5-c]- l,2,6-thiadiazine.'o 

In any case, both pathways can give rise to both isomers, the conclusive evidence of this work lying on the 

final structural assignment and not on the mechanism which would he difficult to establish. 
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Tautomeric Studies 

Compound (2) represents an interesting case of annular tautomerism, so  we decided to study it both in 

solution and in the gas phase by ab initio calculations. In principle, compound (2a) can exist as four 

possible tautomers: 

Figure 1. Tautomers A-D of compound (2a). 

In solution, information can be obtained from the uv spectra and pK, value. Compound (2a) is an acid as 

reflected in its pK, value which is comparable to other condensed systems containing the thiadiazine 

ring.10." A comparison of the UV spectra of the neutral molecular form (2a) with its I-methyl derivative 

(6) (Scheme 2), prepared by methylation of (2a) with dimetbyl sulphate in a potassium carbonate 

solution, indicates that compound (2a) (Figure 1) exists in aqueous solution as the tautomer A (Table 3). 

Table 3. Physical data of compounds (2a) and (6). 

UV spectra in H20a 

PK, Mol. 

Compd i n H z 0  L a x  (nm) log E pH 

f o r d  

253 [276] [2991 327 4.132 [3.814] [3.7731 3.982 -3 + 
-0.03 

2a 244 [299] 335 4.146 13.5841 3.996 2 o 

4.49 

[244] 260 345 [4.154] 4.237 3.976 7 - 

6 C  [231] 254 [296] 330 - - - - 0 

a [ 1: Shoulder, +: Cation; - : Monoanion; o : Neutral form. Due to the poor solubility of this compound in 
water it was not possible to calculate the E values. 
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Scheme 2 

Tautomerism in this compound has also been studied by theoretical molecular orbital calculations. The 

problem with ab initio calculations in these large molecules with the aminosulphonyl group is which 

method to use. In this respect, a recent systematic study for heterocyclic compounds containing the SO2 

moiety has shown that the methods which include electron correlation provide a good geometric and 

electronic d e s ~ r i ~ t i o n . ~ ~ , ~ 3  Thus, the study was performed using a molecular orbital ab initio method at the 

Hartree-Fock level with the 6-31G*I4 basis set, and a local density functional method (LDF) which include 

electron correlation.'5.'6 

The values of the calculated total and relative energies in the gas phase are collected in Table 4. The dipole 

moments of the four tautomers are also tabulated. The results obtained indicate that tautomers A and B are 

more stable (16-33 k~al .mol-~) than non aromatic tautomers C and D. The relative low stability and lower 

dipole moments of tautomers C and D would make tautomers A and B more favoured in aqueous solution. 

Table 4. Calculated energies (E, hanrees), relative energies (AE, kcal.mol~'), and dipole moments (w, 
Debye) of tautomers A -D. 

RHFl6-3 IG* DMol 

E AE P E AE F 

A -1241.20125 0.0 12.26 -1239.10586 0.0 10.08 

B -1241.17902 13.9 13.64 -1239.08830 11.0 12.00 

C -1241.14768 33.6 6.74 -1239.08048 15.9 4.82 

D -1241.14882 32.9 7.22 -1239.08057 16.0 5.94 

To study the relative stability of the different tautomers in aqueous solution the solvation i effect has been 
considered via the self consistent reaction field (SCRF) method. This method is based on Onsager's 

reaction field theoryI7.'8 of electrostatic solvation. In this model the solvent is considered as a uniform 

dielectric with a given dielectric constant E. The solute is situated in a spherical cavity of radius ag in the 

solvent medium. The permanent dipole of the solute induces a dipole in the surrounding medium, which in 

turn will interact with the solute dipole. This solute-solvent interaction is updated until self-consistency is 



1838 HETEROCYCLES, Vol. 48, No. 9,1998 

achieved. This interaction tern is treated as a perturbation in the Hamiltonian of the isolated solute, and the 

solvation energy calculated through this scheme corresponds to the electrostatic contribution to the free 

energy of solvation. 

Table 5. Calculated energies (E, hartrees) and relative energies (AE, kcal.mol-1) in thc SCRF model of 

tautomers A -D 

The results obtained collected in Table 5, indicate that in the Onsager model with thc molecular orblval 

mcthod RHFl6-31G* and the density functional BLYP16-31G*, tautomer A is more stable in water than 

tautomer B (9-12 kcal.mol~l) 

The large stability difference of tautomer A in relation to the others indicate that only form A should be 

present in gas phase and water, this last result in good agreement with the experimental data obtained by 

UV spectrophotometry. 

Experimental Section 

General: 

Melting points arc measured on Reicher-Jung Thermovar micro melting point apparatus, without 

correction. NMR spectra were recorded on a Varian XL-300 and Varian Unity-500 (300 MHz and 125 

MHz, for 'H and I3C, respectively). The signal of the solvent was used as reference. 15N NMR were 

recorded on a Varian Unity-500 (50 MHz) spectrometer. The nitrogen shielding values are reported with 

respect to external nitromethane. The UV spectra were obtained on a Perkin Elmer Lambda 5 

Spectrophotometer. MS spectra (electron impact, 70 eV) were obtained on a VG 12-250 (VG Masslab). 

Elemental analyses were performed on a Heraeus CHN-rapid analyzer. 

7heoretical cakulatinns: 

All the structures were fully optimized without any symmetry restrictions in gas phase. The nh initlo 

molecular orbital calculations were carried out with the Gaussian-94 program19 at the RHF level of theory 

with the 6-31G* basis set. The minimization was performed using the Bemy method. The default 
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parameters were used for the minimization convergence criteria. The LDF calculations were carried out 

using the DMol program20 distributed by Biosym technologies. A double zeta numerical basis set with 

polarization functions in all the atoms and the Janak-Moruzd-Williams (JMW) exchange correlation 

potential21 were used. The geometry of the molecules was optimized until the gradient was smaller than 

0.001 au. 

The solvation effect has been studied using the self consistent reaction field (SCRF) method. This method 

is based on Onsager reaction theory of electrostatic salvation. In this model the water is considered as a 
uniform dielectric with a dielectric constant &=78.5. The spherical cavity of radius a. has been calculated 

by the quantum mechanical approach proposed by Wong22 which involves determining the 0.001 au 

electron density envelope and scaling this envelope by a factor of 1.33 to obtain the solute volume. An 
extra 0.5 A is added to the resultant an to account for the nearest approach of solvent molecules. The single 

point energies with the 6-31G* basis set at the HF level and with the BLYP functional were determined 

from the optimized geometries in gas phase 

4-Amino-IH,6H-1,2,6-thiadiazino[3',4':4,51imidazo[2,1-a]isoindole 2,2-dioxide (2a): 

A suspension of 1.00 g (5.62 mmol) of 1 in 50 mL of methanol and 0.16 mL of concentrated 

hydrochloric acid was treated with 1.1 1 g (8.27 mmol) of phthalaldehyde and was stirred at rt for 2 h. The 

precipitate was filtered and recrystallized from watedethanol to give 0.68 g of 2a (44%); mp > 350 "C. 1H 

NMR (DMSO-ds) 6: 11.17 (hr s, 1 H, NH), 7.81 (m, 1 H, Ph), 7.66 (m, 1 H, Ph), 7.52 (m, 2 H, Ph), 

7.38 (br s, 2 H, NHz), 5.38 (s, 2 H, CH2). Anal. Calcd for CllH9N5OzS: C, 47.99; H, 3.30: N, 25.44; 

S. 11.65. Found: C, 47.81; H, 3.50; N, 25.31: S, 11.42. 

4-Amino-l-methyl-6H-1,2,6-thiadiazino[3',4':4,5]imidazo[2,1-alisoindole 2Jdioxide (3): 

A solution of 1.00 g of 2a (3.63 mmol) in water and 1.50 g (10.85 mmol) of potassium carbonate was 

treated with 1.0 mL of dimethyl sulphate at rt for 4 h. The precipitate was filtered and recrystallized from 

acetic acidwater to give 0.40 g of 3 (40%); mp > 300 "C. 'H NMR (DMSO-d6) 6: 7.88 (m, I H, Ph), 

7.70 (m, 1 H, Ph), 7.55 (m, 2 H, Ph), 7.53 (hr s, 2 H, NHz), 5.43 (s, 2 H, C H d ,  3.35 (s, 3 H, CH3). 

MS (70 eV); d z  : 289 [M+]. Anal. Calcd for C12HllN502S: C, 49.82; H, 3.83; N, 24.21; S, 11.08. 

Found: C, 49.73; H, 3.96; N, 23.84; S, 10.71. 

ACKNOWLEDGEMENTS 

Thanks are given to Dr. Ibon Alkorta for helpful comments and Dr. M.L. Jimeno for the I5N NMR 

spectra. 

Dedicated to Professor W. Pfleiderer on the occasion of his 70th birthday. 



1840 HETEROCYCLES, Vol. 48, No. 9,1998 

REFERENCES 

1 . V. J. Arin, P. Goya, and C. Ochoa, Adv. Heterocycl. Chem., 1988,44, 81. 

2 .  P. Goya, J. A. Piez, I. Akorta, E. Carrasco, M. Grau, F. Antdn, S. Julia, and M. Martinez-Ripoll, 

J. Med. Chem., 1992,35,3977. 

3 .  J. Cortijo, M. Marti-Cabrera, L. Berto, F. Anton, E. Carrasco, M. Grau, and E. J. Morcillo, Eur. J. 

Phurmacol., 1997, 333, 69. 

4 .  J. Elguero, R. Claramount, and J. H. Summers, Adv. Heterocycl. Chem., 1978, 22, 183, and references 

cited therein. 

5 .  1. A. Moore and F. A. L. Anet, Comprehensive Heterocyclic Chemistry: Eight-membered Rings, Vol. 

7, ed. by A. R. Katritzky , C. W. Rees , Pergamon Press, Ltd., Oxford, 1984, pp  653-707, and 

references cited therein. 

6 .  G. Garcia-Mufioz, R. Madrofiero, C. Ochoa, and M. Stud, J. Heterocycl. Chem,  1976, 13. 793. 

7 . I. Alkorta, V. J.  Arin, A. G. Bielsa, and M. Stud, J. Chem. Soc., Perkin Trans.1, 1988, 1271. 

8 .  P. Goya, A. Herrero, M. L. Jimeno, C. Ochoa, and J. A. PQez, Heterocycles, 1988, 27, 2201. 

9 .  P. Goya, C. Ochoa, I. Rozas, A. Alemany, and M. L. Jimeno, Mag. Reson. Chem., 1986, 24,444. 

10. A. Herrero, C. Ochoa, J. A. Piez, M. Martinez-Ripoll, C. Foces-Foces, and F. Hernandcz, 

Heterocycles, 1987,26, 3123. 

11. P. Goya, J. A. PAez, and W. Pfleiderer, J. Hererocycl. Chem., 1984,21, 861. 

12. I .  Alkorta, Theor. Chim. Acta, 1994, 89, 1. 

13. I. Alkorta, C. Garcia-G6mez, I. A. Pa&, and P. Goya, J.  Phys. Org. Chem., 1996.9, 203. 

14. M. M. Francl, J. Pietro, W. J. Hehre, J. S. Binkley, M. S. Gordon, D. J. Dc Frees, and J. A. Pople, 

J. Chem. Phys., 1982, 77, 3654. 

15. B. Delley, J. Chem. Phys.. 1990, 92, 508. 

16. B. Delley, J. Chem. Phys., 1991,94, 7245. 

17. L. Onsager, J. Am. Chem. Soc., 1936, 58, 1486. 

18. 0. Tapia and 0. Goscinski, Mol. Phys., 1975, 29, 1653. 

19. Gaussian 94, Revision B.2, M. J. Frisch, G. W. Trucks, H. B. Schlegel, P. M. W. Gill, B. G. 

Johnson, M. A. Robb, J. R. Cheeseman, T. Keith, G. A. Petersson, J. A. Montgomery, K. 

Raghavachari, M. A. Al-Laham, V. G. Zakrzewski, J. V. Ortiz, J. B. Forcsman, J. Cioslowski, B. 

B. Stefanov, A. Nanayakkara, M. Challacombe, C. Y. Peng, P. Y. Ayah, W. Chen, M. W. Wong, 

J. L. Andres, E. S. Replogle, R. Gomperts, R. L. Martin, D. J. Fox, J. S. Binkley, D. J. Defrees, J. 

Baker, J. P. Stewart, M. Head-Gordon, C. Gonzalez, and J. A. Pople, Gaussian, Inc., Pittshurgh 

PA, 1995. 

20. BiosymlMSI, DMol (Version 95.013.0.0), San Diego, CA, USA. 

2 1.  V. L. Momzzi, J. F. Janak, and A. R. Williams, Calculated Electronic Propenics of Metals, Pergamon 

Press, New York, 1978. 

22. M. W. Wong, K.B. Wiberg, and M. J. Frish, J. Am. Chem. Soc., 1992, 114, 1645. 

Received, 6 t h  May, 1998 


