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Seven 2-(N-cycloalkylamino-1,3-dithiocarbamoyl)-carboxylic acids and seven mesoionic 2-N-cycloal- 
kylamino-5-alkyl- 1,3-dithiolium-4-thiolates have been conveniently synthesized. They were characterized 
by elemental analysis, LR., U.V., mass and 'H NMR spectrometry, plus I3C NMR spectrometry in some 
cases. Important questions concerning the structure of the mesoionic compounds, relevant to mesoionic 
compounds in general, are addressed. In particular, we refer to the degree of separation of regions of 
positive and negative charge, bond orders, electron and charge delocalization and aromaticity. In this 
discussion we cite some of our X-ray diffraction and theoretical studies. We conclude that there are 
regions of positive and negative charge in which there is delocalization of electrons and charge with 
bond orders between 1 and 2. However, the shared regions are separated by what are essentially single 
bonds. Thus, they, and mesoionic compounds in general, should not be considered as formally aromatic. 
This is supported by estimates of Bird Aromaticity indices-experimentally based for two of the title 
mesoionic compounds-of the order of 50: substantially less than values for thiophene and pyrrole and 
much less than values for benzene and pyridine. Finally, based on this discussion, we introduce a new 
notation for the structures of mesoionic compounds which we believe more accurately represents both 
the bonding situation and the chemical patterns of reactivity of such compounds. 

Key words: Mesoionic, bond orders, charge separation, aromaticity. 

1. INTRODUCTION 

The study of the title compounds forms part of our on-going research on mesoionic 
compounds e.g., References 1-4. 

Five of the seven title mesoionic compounds are new as are five of the seven 
intermediate dithiocarbamoyl-carboxylic acids. We present a wide range of spectro- 
scopic and other data, while tests of biological activity, have been initiated. 

Some compounds of this type were prepared by Souizi and Robert? though less 
conveniently. 

In order to address fundamental questions of structure, electron and charge distri- 
bution and aromaticity, we cite in the present work some results of our theoretical 
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76 M. B. DE OLIVEJRA et al. 

ELLEEHILL n w y s i s  

P R O B U C T S  E X I E C T E B  TOUHB 

calculations6 and also our recent studies of two of the mesoionic title compounds by 
X-ray diffraction.' 

EXPERIMENTAL 

Preparation of 2(N-Cyclo-alkylarnino-1.3-dithiocarbamyl) Carboxylic Acids 

Seven of these dithiocarbamoyl-carboxylic acids were prepared according to the following general 
scheme, discussed in the text: 

where Y = CH2CH2; CH2CH2CH2; CH20CH2, R = CH,; CH2CH,; CH2CHzCH3; CH(CH,),, solvent = 
light petroleum (30-60") or toluene. 
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They were characterized by elemental analysis (Table I); I.R., U.V. and mass spectrometry (Table 11); 
'H NMR (Table III) and X-ray diffraction. Physical properties and some other relevant data are given 
In Table IV. 

The experimental details for the preparation of 2-(N-morpholino-dithiocarbamoyl)-pentanoic acid 
[Acid I ]  follow as an example: 

Preparation of 2(N-Morpholino-I,3-dithiocarbamoyl) Pentamic Acid (Acid I )  

Triethylamine (2.53 g; 3.5 ml; 25.1 mmole) was added at 0" with stirring to a solution of 2.0 g (2 ml; 
23 mmole) of morpholine in 10 ml of light petroleum (30-60'). After 10 minutes, 1.70 g (1.4 ml; 23.2 
mmole) of carbon disulphide was added. Triethylammonium N-morpholino-dithiocarbamate formed as 
a white suspension, to which was added 4.15 g (3.0 ml; 22.9 mmole) of 2-bromo-pentanoic acid dissolved 
in 5 ml of light petroleum. After stimng for a further 20 minutes, the reaction mixture was allowed to 
reach ambient temperature and stirred for a further 6 hours. 

After removal of solvent by distillation, 20 ml of anhydrous benzene was added. 
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1.6(1,3H);4.8(q,3!11;3.95(n,4H1:3.7!n,4H) 1 1 I 

I 1.1‘t ,311) ; 2. I t  ini ,2H) ;  4 1( t , I l l ) ;  
4. W n ,  18) ; 3.65(n, 4R) I I  
I.ilt,3Hf;2.1~~ni,cN~;4.7~t,lHf; 
4 ,  B!n ,4H) ; 3 .65(n ,  4H ) 

I . K t  ,3H):1.6(~,2H);2.7(t,ZH); 
3 . 8 ( r e t b y l e n e  protons of  rorpboline) see rrf 1 

,3.e(n,lH):l.Z5(1,6H); 
13. Mnet hylene protons of  sorpbol  ine) 

2.23!5,3H);3.7(n,4H):1.8(n,6H) see ref 2 

1 2R! t ,3H);Z . W q ,  ZH) ; 3 .Xn, 4H);l .B(n,bH) 183.4(C ); 149.4(C );128.3(C );54.3(2C 1 ; 
24.9(2C );22.5(C );22.9(C );13.9(C ) 

Triethylammonium bromide was removed by washing with successive portions of 5 N HCI aq. and 
the organic phase washed with distilled water until the washings had pH 5. 

After drying the organic phase over anhydrous sodium sulphate and removal of the drying agent, the 
solvent was removed in a rotary evaporator at reduced pressure. 

The product, 2(N-morpholino-dithiocarbamoyl) pentanoic acid was obtained in 72% yield as a clear- 
yellow viscous liquid, which gradually formed a waxy solid. It was characterized by elemental analysis 
(Table I); I.R., U.V., mass spectrometry (Table II), ‘H, I3C NMR spectrometry and by X-ray diffraction 
(Table In). Yield, m.p. and other relevant data are given in Table IV. 

Acids 2 to 7 were prepared and characterized similarly (see Tables I-IV). Thus: Acid 2: Z(N-mor- 
pholino-dithiocarbamoyl-3-methyl) butanoic acid: obtained in 40% yield; Acid 3: 2(N-piperidino-dithio- 
carbamoy1)-propanoic acid: obtained in 95% yield; Acid 4 2(N-piperidino-dithiocarbamoyl)-butanoic 
acid: obtained in 95% yield; Acid 5: 2(N-pyrrolidino-dithiocarbamoyl)-propionic acid: obtained in 86% 
yield; Acid 6: 2(N-pyrrolidino-dithiocarbamoyl)-butanoic acid: obtained in 83% yield; Acid 7: 2(N- 
pyrrolidino-dithiocarbarnoyl)-pentanoic acid: obtained in 97% yield. 

Preparation of Mesoionic 2-N-Cycloaikyiamino-5-ai~i-~~3-dithiolium-4-thiolates 

Seven title mesoionic compounds were prepared according to the following general scheme, involving 
three sequential reactions in a one-pot synthesis; discussed in the text: 
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R c i l  6 

k c i i  7 

N . 1 .  1 

CH-COZH 
I 

R\ 

? y r r o l i l i n o  ethyl 8 3 . 3  ae.5184.5 C ~ H ~ ~ H S ~ O ~  233.1 

r y r r o l i l i n o  n.propyl 97.4 hygroscopic CioWi7HStO1 247.1 

Norpbolino n.?ropyl 75 E t O H  l84/186 CioHirHS,O 261.4 
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. . . . . .. "\rCs 
N 

/ \  N 1 !  / \  

HzC, COS E t , h  
Y 

where Y = CH,CH,; CH,CH,CH,; CH,OCH,, R = CH,; CH2CH,; CH,CH,CH,; CH(CH,),. 

the next section. 

an example: 

2-N-Morpholino-5-propyI-I,3-dithioliurn-4-thiolate (MI 1 )  

2-(N-Morpholino-dithiocarbamoyl)-pentanoic acid (Acid I ,  3.21 g; 12.8 mmole) was dissolved in 60 rnl 
of anhydrous benzene at 0". The solution was allowed to reach 10°C while adding sequentially 15.19 g 
(12.0 ml, 200 mmole) of carbon disulphide, 12.98 g (12.0 ml, 127 mmole) of acetic anhydride and 4.35 
g (6.0 ml; 43.0 mmole) of triethylamine. The reaction mixture became yellow then carmine-red and after 
15 minutes crystals began to form. It was allowed to attain ambient temperature and left overnight. 

The product, obtained as a precipitate, was filtered off, washed with anhydrous benzene then recrys- 
tallized from ethanol in the form of orange needle-like crystals. 

Note that we are using a new representation for the mesoionic ring as introduced and described in 

The details of the preparation of 2-N-Morpholino-5-propyl-l,3-dithioliurn-4-thiolate (MI 1) follow as 

TABLE IV 
Physical properties 

k . 1 .  2 

n.1.  rl 

H . I .  5 

Rorpholino isoproryl 72 EtOH 226.5/228.5 CieHi5HS3O 261.4 

r i p r r i i i n o  i r thy lg  88 hortonr 187/189 CqHi3HS3 231.4 

l i r e r i l i n o  r thy l '  78.5 108.5/182.5 CioHisHSi 245.4 

l y r r o l i l i n o  re thyl  7 8 . 5  198/192 CeHitHs3 217 3 

? y r r o l i l i n o  e thyl  89 EtOH 1 9 6 / 1 9 l  CqHi 3HS3 231.4 
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80 M. B. DE OLIVEIRA et al. 

It was characterized by elemental analysis (Table I); I.R., U.V. and mass spectrometry (Table Kl), 'H 
NMR and X-ray diffraction (Table III). Yield, M.P. and other relevant data are given in Table IV. 

Six more title mesoionic compounds MI 2 to MI 7 were similarly prepared and characterized. For 
MI 4, MI 6 and MI 7 some I3C NMR data are included in Table III. MI 2: 2-N-Morpholino-5-isopropyl- 
1,3-dithiolium-4-thiolate: obtained in 72% yield; MI 3: 2-N-Piperidino-5-methyl- 1,3-dithiolium-4-thiol- 
ate: obtained in 80% yield; MI 4: 2-N-Piperidino-5-ethyl- 1,3-dithiolium-4-thiolate: obtained in 72% 
yield; MI 5: 2-N Pyrrolidino-5-methyl-1,3-dithiolium-4-thiolate: obtained in 79% yield; MI 6: 2-N- 
Pyrrolidino-5-ethyl-] ,3-dithiolium-4-thioIate: obtained in 89% yield; MI 7: 2-N-Pyrrolidino-5-pro- 
pyl-l,3-dithiolium-4-thiolate: obtained in 59% yield. See Tables I-IV. 

2. RESULTS AND DISCUSSION 

Key questions as regards the structure of the title compounds and, indeed, of me- 
soionic compounds in general relate to (a) the degree of separation of positive and 
negative charge (b) bond-orders, in particular those of the bonds which separate the 
regions of positive and negative charges (c) electron delocalization and aromaticity. 
The results of some of our theoretical studies6 and of our X-ray diffraction studies7 
are particularly relevant and are summarized in Table V. 

We have published two definitions of mesoionic compounds.89 Our current defi- 
nition, based on our theoretical studies (semi-empirical MNDO/PM3'0 and A M l ' O )  
and chemical evidence, is as follows: 

Mesoionic compounds are planar five-membered heterocyclic betaines with at least 
one side chain whose a-atom is also in the ring plane and with dipole moments 
of the order of 5D. Electrons are delocalized over two regions separated by what 
are essentially single bonds. One region, which includes the a-atom of the side- 
chain, is associated with the HOMO and negative TT charge whereas the other is 
associated with the LUMO and positive 7r charge. 

Hence, we now conveniently introduce representative structures (I) and (11) for 
type A mesoionic compounds, which constitute an overwhelming majority of these 
unusual heterocycles'' and which are coherent with our new definition. 

(1) (11) 

The basic chemical structure of the title compounds (omitting details of the struc- 

TABLE V 
Summary of results of h4NDO-PM3 calculations and comparison with X- 
ray diffraction data for 2-N-morpholino-5-propyl- 1,3-dithiolium-4-thiolate 

Bonds Bond Orders Distances (A) X - R ~ Y  diffraction distances (A) 
S3-C2 1.11 1.724 1.710 
cz-SI 1.17 1.736 1.715 
s1-cs 1.03 1.738 
c5-c4 1.53 1.374 
C4S6 1.40 1.610 

1.764 
1.346 
1.719 

C2-N7 1.37 1.366 1.321 
s3-c4 0.89 1.808 1.753 
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MESOIONIC THIOLATES 81 

ture of the saturated heterocyclic rings attached by nitrogen at the 2-position in the 
mesoionic ring) corresponds to (11) and this is because the HOMO squared, which 
is its contribution to the electron density, is concentrated on C5 while the LUMO 
squared is concentrated on C2. This is coherent with the behavior of this mesoionic 
system as a 1-3-dipole in which the T negative charge is concentrated on C5 and 
the T positive charge is concentrated on C2. 

It should be stressed that the concept of well-separated positive and negative 
charge in mesoionic compounds is widely accepted. Obvious support comes from 
the large values of dipole moment which have been reported: an early referencei2 is 
that of Lef2vre et al., in which dipole moments of about 7D were reported for several 
sydnones ( 1,2,3-oxadiazoliurn-5-olates). 

Interestingly, our own kinetic studyi3 of some mesoionic compounds led to the 
same general conclusion. In that study of aromatic nucleophilic substitution reactions 
of 1,3-dipheny1-2-[4-cNoro-3-nitrophenyl]- 1,3,4-triazolium-S-thiolate with some an- 
ionic and neutral nucleophiles, it could be inferred that the regions of positive and 
negative charge in that mesoionic system are so well-separated that the substrate, 
though neutral overall, behaves as a pair of ions with respect to solvation. 

These various comments suggest that the title compounds should not be classed 
as formally aromatic despite the substantial level of electron delocalization. 

This is further clarified by the use of Bird aromaticity i n d i ~ e s . ~ ~ ’ ’ ~  From the struc- 
tures of 2-N-piperidino-5-methyl- 1,3-dithiolium-4-thiolate and 2-N-morpholino-5- 
propyl- 1,3-dithiolium-4-thiolate determined by our X-ray diffraction studies7 we es- 
timated their Bird aromaticity indices as 53 and 50 respectively. This compares with 
values of 51 and 50 which we calculated’ by the MNDO-PM3 method; while for 
the model compound 2-amino- 1,3-dithiolium-4-thiolate we calculated the index as 
equal to 49. 

Bird’4a has, interestingly, cited aromaticity indices for 19 mesoionic systems, 
though none are similar to the title compounds. Of these, 11 have larger aromaticity 
indices, 5 have smaller indices and 3 have aromaticity indices in the same range as 
the title compounds. 

These values may be compared with Bird aromaticity indices for some standard 
compounds taken from a more recent compilation,’’ viz., benzene 100, pyridine 86, 
pyrrole 69, thiophene 66, furan 43. 

The synthesis of the title compounds described in the experimental section in- 
volves a varied sequence of reaction types, viz., (A) nucleophilic addition to heter- 
opolar unsaturated carbon; (B) nucleophilic substitution at saturated carbon; (C) cy- 
clo-dehydration; (D) 1,3-dipolar addition; (E) retro- 1,3-dipolar addition. Details 
follow: 
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82 M. B. DE OLIVEIRA er al. 

Formation of triethylammonium 2-N-cycloalkylamino-dithiocarbamates by nucle- 
ophilic addition of three different saturated heterocyclic secondary amines to carbon 
disulfide in the presence of triethylamine. 

(B) 

R 
products (B) 

Formation of 2-N-cycloalkylamino-dithiocarbamoyl-carboxylic acids by reactions of 
the products of reactions (A), as nucleophiles, with four different a-bromo-carboxylic 
acids. 

Reactions (C), (D) and (E) occur as a one-pot reaction in which the reaction 
products (B) then react with acetic anhydride and carbon disulfide in the presence 
of triethylamine. Thus: 

(C) 

R 

Formation of 2-N-cycloalkylamino-5-akyl- 1,3-dithiolium-4-olates in a cyclo-dehy- 
dration reaction via the mixed anhydride formed in situ. 

(D) 

products (D) 
(not isolated) 
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MESOIONIC THIOLATES 83 

Formation of adducts by 1,3-dipolar addition of products (C) to carbon disulfide. 

Formation of the title mesoionic compounds by retro-l,3-dipolar addition, eliminat- 
ing carbon oxysulfide from the adducts (D). 

In carrying out reactions (A) and (B), we prepared and isolated, in yields generally 
in excess of 80%, seven 2-N-cycloalkylamino-dithiocarbamoyl-carboxylic acids: Ac 
1 to Ac 7, viz., Ac 1: 2-N-morpholino-dithiocarbamoyl-pentanoic acid; Ac 2: 2-N- 
morpholino-dithiocarbamoyl-3-methyl-butanoic acid; Ac 3: 2-N-piperidino-dithio- 
carbamoyl-propanoic acid; Ac 4: 2-N-piperidino-dithiocarbamoyl-butanoic acid; Ac 
5 : 2-N-pyrrolidino-dithiocarbamoyl-propanoic acid; Ac 6: 2-N-pyrrolidino-dithiocar- 
bamoyl-butanoic acid; Ac 7: 2-N-pyrrolidino-dithiocarbamoyl-pentanoic acid. 

Five of these are new, while all the compounds were characterized by elemental 
analysis, m.p. (except Ac 2 and Ac 7); I.R. and U.V. spectroscopy; and by 'H NMR 
spectrometry. 

By the one-pot sequence of reactions (C)(D)(E), the compounds Ac 1 to Ac 7 
were converted to seven 2-N-cycloalkylamino-5-akyl- 1,3-dithiolium-4-thiolates, MI 
1 to MI 7. MI 1 : 2-N-morpholino-5-propyl-1,3-dithiolium-4-thiolate; MI 2: 2-N- 
morpholino-5-isopropyl-1,3-dithiolium-4-thiolate; MI 3: 2-N-piperidino-5-methyl- 
1,3-dithiolium-4-thiolate; MI 4: 2-N-piperidino-5-ethyl- 1,3-dithiolium-4-thiolate; MI 
5 : 2-N-pyrrolidino-5-methyl- 1,3-dithiolium-4-thiolate; MI 6: 2-N-pyrrolidino-5- 
ethyl- 1,3-dithioliurn-4-thiolate; MI 7: 2-N-pyrrolidino-5-propyl- 1,3-dithiolium-4- 
thiolate. 

Five of these are new, while all the compounds were characterized by elemental 
analysis; m.p., I.R., U.V., mass and 'H NMR spectrometry; some also by I3C NMR 
spectrometry. 

Some other derivatives of this class were prepared by Souizi and Robed via 
dithiocarbamoyl-carboxylic acids. 

These however, were prepared in a less convenient way than in the present work, 
using less accessible and less convenient precursors. 

ACKNOWLEDGEMENTS 

Financial support from CNF'q, CAPES, FACEPE and FINEPPADCT (Brazilian agencies) is gratefully 
acknowledged. 

REFERENCES 

1. T. L. Chan, J.  Miller and F. S. Stansfield, J. Chem. Soc., 1213 (1964). 
2. H. C. Duarte and J. Miller, XXXI Reuni5o Anual da Sociedade Brasileira para o Progress0 da 

CiEncia, Fortaleza, CE, Brazil; Citnciu e Culruru (Supl), 31, 347 (1979). 
3. A. Echevarria and J. Miller, J.  Chem. Res., (M) 3187-3194 (S) 391 (1987). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
2
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



84 M. B. DE OLIVEIRA et al. 

4. N. F. Grynberg, R. M. Gomes, T. 0. Shinzato, A. Echevarria and J. Miller, Anticancer Res., 12, 
1025 (1992). - 

1039 (1982). 
5. A. Souizi and A. Robert, (a) Compt. Rend. Acad. Sci. Paris / I ,  295, 571 (1982); (b) Synthesis, 12, 

6. (a) S. E .  Galembeck, M. N. Ramos, A. M. Simas, M. B. de Oliveira, A. B. Pereira, J. Miller and 
K.-K. Cheung, VI Simp6sio Brasileiro de Quimica Te6rica, Caxamb6, MG, Brazil (1991) Abstracts, 
p. 52; (b) S. E. Galembeck, A. M. Simas, J. Miller, A. B. Pereira, M. B. de Oliveira and K.-K. 
Cheung, ibid (1991). Abstracts, p. 53. 

7. K.-K. Cheung, S. E. Galembeck, J. Miller, M. B. de Oliveira, A. B. Pereira and A. M. Simas, Acfa 
Crystallographica, (a) C 47, 2630 (1991), (b) C 48, 532 (1992). 

8. K.-K. Cheung, A. Echevarria, S. E. Galembeck, M. A. M. Maciel, J. Miller, V. M. Rumjanek and 
A. M. Simas, Acra Crystallographicu. C. 49, 1092 (1993). 

9. A. M. Simas, G. L. C. Moura, J. Miller and K.-K. Cheung, W Simp6sio Brasileiro de Quimica 
Te6rica. Caxambli, MG, Brazil (1993). Abstracts, p. 132. 

10. B. Coolidge and J. J. P. Stewart, MOPAC Manual, Frank J. Seiler Res. Lab., US Air Force Academy, 
CO 80840, 1990. 

1 1 .  W. D. Ollis and C. A. Ramsden, Adv. Heterocyclic Chem., 19, 1 (1976). 
12. J. C. Earl, E. M. W. Leake and R. J. W. Lefevre, J.  Chem. Soc., 2269 (1948). 
13. A. Echevarria and J. Miller, J. Chem. SOC. Perkin Trans. 11, 1423 (1989). 
14. C. W. Bird (a) Tetrahedron, 41, 1409 (1985); ibid, 42, 89 (1986). 
15. A. R. Katritzky, P. Barczynski, G. Musumarra, D. Pisano and M. Szafran, J. Am. Chem. SOC., 111, 

7 (1989). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
2
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1


