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PREFERENCES OF MACROCYCLIC COMPOUNDS CONTAINING 

2,5-DITHIO-1,3,4-THIADIAZOLE SUBUNITS 

F. BOTTINO and S. PAPPAW’ 
Istituto Diputimentale di Chimica e Chimica Industriale dell’Universitil di Catania, Viale A. Doria 6,95125 Catania, 

(Receiued in UK 4 August 1981) 

Abstract-The syntheses of macrocycles l-6, containing 2J - dithio - 1,3,4 - thiad&ole subunits connected by 1,2-, 
1,3- and 1,4-bis(methylene)bennes, as well as of the appropriate open-chain model compounds 7-12 are 
described. Structure proofs were tiorded by their mass and ‘II NMR spectra. Di&rent decomposition processes 
upon electron-impact arc ascertained for compounds 1-12, depending on the position of the bridges and ortlro 
substitution; therefore, the mass spectra can provide a sensitive diaguostic tool for st.~ctme elucidation of 
positional isomers. The NMR spectral data of macrocycles l-4, coupled with those of the corresponding 
open-chain derivatives 7-22, indicate that the preferred conformations are determined primarily by the size and 
shape of their ring systems. Furthermore, variable-temperature NMR studies on &raa~ularly methyl substituted 
macrocycles 3 and 6 provide evidence that tbe 20-membered mesityl derivative 3 adopt the saddle-shape 
conformation (IV) (the energy barrier for the restricted rotation of methylene. bridges is found to be AG’= 
13.8 kcal/mole at +S’), white the duryl groups in the 22membered macrocycle 6 are free rotating even at -60”. 

Recently, a rapidly growing interest has been focused on 
the construction of synthetic macrocyclic compounds 
containing heterocyclic subunits, because these com- 
pounds have been shown to possess unique chemical and 
biochemical properties.’ 

In view of the biological’ and analytical2.3 interest in 
1,3,4-thiadiazole sulphur derivatives, as well as the 
limited examples of 1,3,4-thiadiazole inclusion in a 
macrocyclic framework,’ we herein describe the syn- 
thesis and characterization of macrocycles l-6, contain- 
ing 2,5 - dithio - 1,3,4 - Wuliazole subunits connected by 
1,2-, 1,3- and 1,4-bis(methylene)bennes, respectively, 
as well as of their open-chain counterparts 7-12. 

As easily recognized from inspection of Scheme 1, the 
molecular design of these macrocycles was directed to 
provide 18-, 20- and 22-membered macrocycles with the 
purpose both to obtain diierent sizes and shapes of the 
central hole, and to evaluate possible steric hindrance 
effects of intraannular substituents. 

2 R=H 

3 R=Me 

The structural characterization of compounds 1-12 has 
been achieved by their mass and ‘H NMR spectra. 
Owing to the lack of information about the electron- 
impact mass spectral fragmentation of lJ,4-thiadiazole 
sulphur derivatives? the mass spectra are of particular 
interest; furthermore, they can provide a sensitive diag- 
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Scheme I. 
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4 Rc = R2 = H 

5 Rt = H; Ra = Me 

6 Rc = R2 = Me 
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nostic tool for structure elucidation of positional 
isomers. The conformation and conformation mobility of 
macrocycles l-6 were also deduced by comparison of 
their ‘H NMR spectra with those of open-chain model 
compounds 7-12, and by variable-temperature NMR 
analysis. 

Further work on related macrocyclic compounds is in 
progress in this laboratory. 

RESUL'ISANDDlscU!TSIoN 

Syntheses. Macrocycles l-6 were prepared through 
nucleophilic displacement reactions starting from the 
dipotassium salt of 2,5 - dimercapto - 1,3,4 - thiadiazole 
and the appropriate bis(halomethyl)benzene derivatives 
in boiling ethanol, under high dilution conditions. 

The open-chain model compounds 7-12 were obtained 
by coupling the sodium salt of 2-mercapto-j-methyl- 

\,+SM. 

N-N 

R=H 10 RI= R2 =H 

R = Me 11 RI= H; Rz=Me 

12 RI = R2 = Me 

thio-1,3,4_thiadiazole with the appropriate bis(halo- 
methyl)benzene derivatives in dimethylformamide (DMF) 
at 80”. 

The analytical and physical properties, and the ‘H 
NMR spectral parameters of compounds 1-12 are shown 
in Table 1. Further structural proofs were afforded by 
their mass spectra. 

Macrocycles l-6 are colourless crystalline materials, 
reasonably soluble in organic solvents. The yields vary 
from 4% for 1 to 36% for 4. The higher yields observed 
for the 22-membered macrocycles 4-6 are a direct con- 
sequence of increased ring size and diminished steric 
hindrance effects. On the other hand, excellent yields 
(75-95%) were observed for open-chain compounds 7- 
12. They show good solubility in common solvents, with 
the exception of the sparingly soluble duryl derivative 
12, which dissolves in hot DMF, dimethylsulphoxide, and 
o-dichlorobenzene. 

w. . 
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Fig. 1. The mass spectra (70 eV) of the isomeric macrocycles 1.2 and 4. 
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Mass spectra. The mass spectra of the isomeric parent 
macrocycles 1, 2 and 4 are shown in Fig. 1, while those 
of the remaining compounds 3 and g-12 are listed in 
Table 2. 

The electron-impact induced mass spectral frag- 
mentation of macrocycles l-6 may occur as a multistep 
reaction through different mechanisms, depending on the 
substitution pattern and the position of the bridges. For 
instance, the decomposition process of macrocycle 1 is 
strongly affected by a prominent ortho effect.6 The first 
step probably involves the macroring opening (rate 
determining step), which may proceed via a &membered 
cyclic transition state by a benzylic hydrogen transfer to 
the opposing sulphur bridged atom, as shown in Scheme 
2. The rearranged molecular ion subsequently might 
undergo the cleavage of the CH,S bond (fast step) to 
generate either the [M/2 - l]+ ion or the [M/2 t 11’ ion at 
m/e 251 and 253, respectively. Such a mechanism is 
verified both by the fact that the molecular ion suffers 
the loss of a SH radical (characteristic of all macrocycles 
investigated)’ and by the presence in the mass spectrum 
of a metastable peak at about m/e 125, supporting the 
suggestion that the [M/2 - 11’ ion is formed directly from 
the molecular ion. The [M/2- 11’ ion then decomposes 
to give the fragments at m/e 219, 193, 175 and 135 (base 
peak) by loss of S, SCN, CS, and (SCN),, respectively, 
from the heteroaromatic portion, and the fragment at m/e 
103 by cleavage of the CHrS bond. On the other hand, 
the “alternative” [M/2 t I]’ ion gives rise to the frag- 
ments at mle 162 and 104 by loss of HCNS, or cleavage 
of the CHZ-S bond, respectively. 

Alternatively, different macroring opening mechanisms 
can be envisaged for the isomeric macrocycles 2 and 4, 
which may involve a 5-membered cyclic transition state 
by a benzylic hydrogen transfer to the nitrogen atom of 
the adjacent 1,3,4-thiadiazole ring. As a consequence, 
different intensities of the main peaks are observed (e.g. 
the [M/2- I]’ ion is almost absent in macrocycle 4, as 
well as the fragment at m/e 103; in addition, in the high 
mass range an intense peak at m/e 382, arising from the 
molecular ion by direct loss of a thiobenzaldehyde 
molecule, is present), which allow a differentiation of the 
three positional isomers to be performed. 

The decomposition process upon electron-impact of 
polymethylated macrocycles 3, 5 and 6 is very similar to 
that of macrocycle 1. The macroring opening may occur 
via a 6-membered cyclic transition state by a methyl 
hydrogen transfer to the adjacent bridged sulphur atom. 
The rearranged molecular ion subsequently undergoes 
the fission of the CH,S bond to give both [M/2 - l]+ and 
[M/2 t 11’ ions. The peak at m/e 44 (CS) is the base peak 
in 3, while in 5 and 6 the base peak is due to the para 

quinoid forms of the hydrocarbon portion of the mole- 
cules (peaks at m/e 132 (&,H,,) and 160 (&HI,), res- 
pectively). 

The open-chain derivatives 7-12 give molecular ions 
which are easily recognized, with the exception of com- 
pounds 7 and 9, for which very weak parent peaks are 
observed (Table 2). Two main consecutive (and compet- 
ing) decomposition paths of the molecular ion are 
observed: (i) the cleavage of the CH,S bond to give the 
ion A (verified in most cases by the appropriate metast- 
able peaks) and (ii) the subsequent ejection of a molecule 
of 2 - mercapto - 5 - methylthio - 1,3,4 - thiadiazole, 
through the above mentioned 5- or 6-membered 
McLafIerty rearrangements, to give the ion B. The 
fragmentation pattern relative to compound 9 is shown in 
Scheme 3. Due to the competition of paths (i) and (ii), the 
ion A is always accompanied by the ion (A - l), which is 
particularly intense (95% rel. intensity) in 7. Compounds 
8,lO and 11 suffer the loss of a SH radical from the ion 
A, while in compounds 7,9 and 12 the SH radical is lost 
from the (A - 1) ion. The ion A reaches the base peak in 
810 and 11, while in the orrho-disubstituted mesityl and 
duryl derivatives 9 and 12, the ion B represents the base 
peak. In compound 7, the base peak is the ion at m/e 135. 

A further feature of the mass spectra of compounds 
7-12 is the presence in the low mass range of intense 
peaks at m/e 88 (C2H9N$), 76 (C&J, 73 (CHN& 59 
(C2H3S) and 45 (CHS), characteristic of the electron- 
impact fragmentation of 2-mercapto - 5 - methylthio - 
1,3,4 - thiadiazole (m/e 164): 

‘H NMR spectra. The spectral parameters of com- 
pounds 1-12 are listed in Table 1. The ‘H NMR spectra 
of the compounds investigated consisted of four types of 
signals corresponding to methyl, methylthio, methylene 
and aromatic protons. The peak assignments to the res- 
pective protons followed in a straightforward manner 
from the position of the signals and integration. 

The conformation and conformational mobility of 
macrocycles l-6 could be deduced by NMR spectral 
data and by VT-NMR analysis. The inspection of a model 
of macrocycle 1 reveals that the 18-membered ring sys- 
tem may adopt the syn conformation (I) as well as the 
anti conformation (II), shown in Fig. 2; on the other 
hand, a quasi planar conformation appears to be ener- 
getically disfavoured, because of repulsive interaction 
between non bonded atoms. A comparison of the ‘H 
NMR spectra of compounds 1 and 7 shows that the 
absorption of the aromatic protons in 1 is coincident with 
that observed in model compound 7. Whereas the 
aromatic protons would experience a sign&ant 
diamagnetic shielding from the opposing phenyl ring only 
in the syn conformation (I), the present data seem to 

N-N 1+ 

N-N 

Scheme 2. 



Macrocyclic compounds containing 2,5ditbio-lf,dtbiadiazole subunits 671 

m/e 472,M+ 

m/e 309,(A) m/e145,(B) 

Scheme 3. 

m/e 308,(A-I) 

I 

path i 

* 

path ,I 

CHz 

CH2 

Me 

Fig. 2. Possible syn (I) and anti (II) conformations of the 18- 
membered macrocycle 1. 

indicate that macrocycle 1 exists preferentially in the anti 
conformation (II). Unfortunately, a VT-NMR study of 1 
was precluded by its scarce solubility in suitable solvents. 

When a model of the 20-membered macrocycles 2 and 
3 is examined, three possible symmetrical confor- 
mations, shown in Fig. 3, become apparent: the basket 
conformation (III), the saddle-shape conformation (IV), 
and the crown-like conformation (V). The significant 
upfield shit (0.39 ppm) observed for the intraannular aryl 
protons in 2 with respect to the corresponding proton in 
model compound 8 suggests for this ring system the 
saddle-shape conformation (IV). This conclusion is in 
agreement with previous ‘H NMR4”9 and X-ray” in- 
vestigations on related 16- and 20-membered sulphur 
bridged metacyclophanes. 

Further evidence in favour of the saddle-shape con- 
formation (IV) was provided by the ‘H NMR spectra of 
the hexamethyl derivative 3. Due to the proximity of the 
2-positioned methyl group to the adjacent lJ,Cthiadi- 
azole ring, these protons are considerably shielded 
(0.89 ppm) with respect to those of model compound 9. 
Moreover, a VT-NMR study shows that the absorptions 
of methyl groups in 3 are unaffected in a wide tem- 
perature range, indicating that the molecule is frozen in 
the saddle-shape conformation (IV). However, the 
methylene protons in 3 depend on the temperature. At 
elevated temperatures, they appear as a sharp singlet, but 
upon reducing the temperature, the methylene region 
underwent a striking change (Fig. 4): the singlet at 64.45 
broadened (T, = t So) and finally at -25” was split into an 
AB system (S,, = 4.14 ppm, SB = 4.63 ppm; JA,e = 
14.4Hz). On the basis of the coalescence temperature 
and Av, the energy barrier for the restricted rotation of 
the methylene bridges, calculated using the method of 
Calder and Garratt,” was ascertained to be AG,# = 
13.8 kcal/mole. 

Finally, two possible conformations can be considered 
for the 22-membered ring system: the chair-like con- 
formation (VI), and the boat-like conformation (VII), 
according to whether the pairs of CHrS links attached 
to a benzene ring are all trons or all cis, respectively 
(Fig. 5). Within these skeletal conformations, further 
conformations can arise if the phenylene groups are not 
free to rotate. 

Fis. 3. Possible basket (III), saddle (IV) and crown (V) conformations of the 20-membered macrocycles 2 and 3. 
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I 1 

PC 1 

,..,,.-..A + 50 

_hc +30 

&_._A_ t 5(L) 

-15 

& -25 

Fig. 4. The q ethylene region in the 80MHz ‘II NMR spectra 
@DC&) of macrocycle 3 at various temperatures. 

(VI) (VIII 

Fig. 5. Possible chaii (VI) and boat (VII) conformations of the 
22-membered macrocycles 4-6. 

The small shielding observed for the aromatic protons 
in macrocycles 4 (0.08 ppm) and 5 (0.21 ppm), and for the 
methyl groups in macrocycles 5 (0.08ppm) and 6 
(O.lSppm) with respect to the corresponding protons in 
model compounds 10-12, do not appear to indicate a 
particular conformational preference for the 2Zmembered 
ring system. Accordingly, no splitting of the signal of 
methyl groups occurred in the low temperature spectra 
(CJXI,) of macrocycle 6 even at do”, indicating that the 
duryl groups are free to rotate. 

The results obtained show therefore that the preferred 
conformation of each ring system is determined pri- 
marily by its size and shape. 

EXPERMENTAL 

Materials and analytical pmcedures. 2.5 - Dimercapto - 1,3,4 - 
thiadiazole and ZJ-bis(chloromethyl) p-xylene were commercial 
products (from EGA), used without purification. Homeric a,(~‘- 
dibromoxylenes were prepared by bromination of the pure 
xylenes with NBS in CC&. Bis(chloromethyl)mesitylene,‘2 

bis(chloromethyl)durene,‘3 and 2 - mercapto - 5 - methylthio - 
1,3,4 - thiadiazole” were prepared according to literature pro- 
cedures. Melting points are uncorrected, and were determined on 
a Kofier apparatus. Elemental analyses were obtained com- 
mercially. The low resolution mass spectra were taken by direct 
insertion into the ion source of a LKB 9OtlOS instrument under 
the following conditions: ionization energy, 70eV: source tem- 
perature, 270-290”; trap 6OpA; evaporation temperature, 200- 
2uP for macrocycles l-6, and 140-170” for open-chain deriva- 
tives 7-12. ‘H NMR spectra were recorded on a Varian EM 360 
instrument. VT-NMR experiments were carried out on a Bruker 
WP-80 spectrometer. Unless otherwise stated. chemical shifts 
are in parts per million (8) from internal TMS for CDC13 solu- 
tions. The concentrations used were approximately 
15 mglO.5 ml. 

General procedure for the synthesis of macrocycles I-6. 2.5 - 
Dimercapto - l,3,4 - thiadiazole (1.5g, 0.01 mole) and KOH 
(I.12 g, 0.02 mole) in EtOH (100 ml) and the appropriate 
bis(halomethyl)benzene derivative (0.01 mole) in I&OH-benzene 
I : 1 mixture (100 ml) were dropped separately but synchronously 
from two dropping funnels into boiing EtOH (1 I.) over 3 h, 
under mechamcal stirring. The mixture was heated at reflux 
under stirring for an additional 20 h. and cooled. Removal of the 
solvent in ua&o left a residue, which was extracted with CHC13, 
dried (NaaSOd), and concentrated to leave the desired macrocy- 
cle. The crude product was then recrvstallized from DMF to 
constant mp (Table 1). 

General procedure for the synthesis of open-chain model 
compounds 7-12. To a solution of bis(halomethvl)benzene 
derivative (0.01 mole) in DMF (10 ml) was. added an ~aqueous 
solution of the sodium salt of 2 - mercapto - 5 - methylthio - l,3,4 
- thiadiile (0.02 mole), in one portion. A white precipitate 
formed immediately. The mixture was kept at 800 for 1 h under 
magnetic stirrii. After cooling, water was added and the pre- 
cipitate filtered, dried and recrystalliid from ethyl acetate. The 
sparingly soluble duryl derivative 12 recrysudlized from the 
stipulated solvents, while compounds 7 and 8 were obtained as 
dense oils, which partly crystallize on standing. 
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