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SPECTROSCOPIC PROPERTIES OF N,N'-  

ANALOGUES N,"- 
DIALKYLCYCLOTETRASULF'UR-l,4-DIIMIDES 

DITHIOBISAMINES AND THEIR CYCLIC 

C. DiAZ V. and A.  ARANCIBIA? 
Department of Chemistry, Faculty of Sciences, University of Chile, Casilla 653 

Santiago, Chile 
(Received July 29, 1988) 

A series of N,N'-dithiobisamines R,N-S-S-NR, NR2 = N(CH,),, N(CH2CH,),, N 3. N-0, 

N(CH,-C,H,), and N,N'-dialkylcyclotetrasulfur-l,4-diimides (RN),S, R = CH,, C,H,, , CH,C,H, 
has been prepared and their 'H-NMR, IR and UV spectra measured. The proton chemical shifts and 
the v(S-N) frequency data are consistent with a chain open conformation for R,N-S-S-NR, and 
with a cyclic structure for (RN),S,. From UV spectral data, values of the disulfide dihedral angle were 
estimated and a structure for the (RN)?S, compound proposed. 

n 

INTRODUCTION 

Compounds containing the sulfur-sulfur bond have been extensively studied 
because the relation with biological problems. The S-S is an easily cleaved 
linkage which is an indispensable structural feature of most protein and 
polypeptides, and it is present in some smaller biomolecules. On the other hand 
some metal enzymes and metalloprotein contain the metal disulfide linkage.'.' 
Chemically the S-S bond is a functional group of diverse reactivity and 
interesting stereochemistry. However almost all the research on this matter has 
been made in substances involving the carbon-sulfur linkage and disulfilde 
compounds with other bond such as R2N-S-S-NR23 and their cyclic analogues 
(RN)*S; have not received much attention. Our interest in the chemistry of S-N 
compoundssY prompted us not to study this type of compounds. 

/s--s, 
's- s' 

R N  NR 

N,N'-DITHIOBISAMINES N,N'-DIALKYLCYCLOTETRASULFUR 
1.4-DIIMIDAS 

Although N,N'-dithiobisamines have been investigated as potential 
insecticides,"' fungicides," polymerization catalysts,12 corrosion inhibitors in 
lubricating oil," and as stabilizers for polyurethane fiber,I3 their chemical and 
spectroscopic properties have only been partially in~estigated.~."- '~ The catalytic 
activity and other chemical features of these compounds are presumably related 
to the characteristics of the S-S as well as to the S-N bond. On the other hand 
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2 C. DiAZ V. and A. ARANCIBIA 

(RN)2S4 are compounds that have received little attention and they have only 
been synthesized and poorly ~haracter ized.~ 

In this context and as a step previous to a future study of the coordinating 
properties of (R2N)2S2 and (RN)2S4 in this paper we report a spectroscopic study 
of such compounds. 

RESULTS AND DISCUSSION 

IR and Raman spectra. The infrared spectra of S2(NR2)2 and S4(NR)2 are 
described in Table I. The S-N bands for N,N-dithiobisamines were assigned with 
aid of a previous vibrational study of the related S-N molecules N , N ' -  
thiobisamines R2N-S-NR2.6"7 The assignments are shown in Table 11. The 
spectra of the dithioderivatives are essentially similar to those of the monothiode- 
rivatives. As expected and as observed for other dithioderivatives,I8 the band 
corresponding to the S-S vibration is not observed. Nevertheless in the Raman 
spectra of N,N-dithiobis(dimethy1amine) and dithiobis(diethy1amine) presented 
in Table 111, are observed intense bands at 450 cm-' and 438 cm-' attributable to 
the stretching S-S vibration. This v(S-S) values are lower than those found in 
R-S-S-R compounds (500-550cm-')'8 and can be interpreted as a more weak 
S-S bond in dithiobisamines than dithioethers. This is also in agreement with the 
smaller S-S bond dissociation energy for dithiobisamines D(S-S) = 
30.8 Kcal/m01'~ than D(S-S) = 60.70 Kcal/mol for d i th i~e thers . '~  

The assignation for the S-N bond in the IR spectra of the dialkylcyclotetra- 
sulfur diimides was made by comparison with vibrational data for other cyclic 
sulfur imide~."~~' The values are displayed in Table 11. Absorption below 
600 cm-' can be tentatively assigned to skeletal modes involving v ( S - S )  
stretching vibrations. 

A decrease in the v(S-N) is observed in going from the rnonothioderivates to 
the dithioderivates. This could be due to that the strained structure of the cyclic 
compounds preclude a good overlap between dn (sulfur)-pn (nitrogen) orbitals 
involved in the double bond character of the S-N linkage.7*21 Thus in the 
N, N-thiobisamines the S-N bonds have some multiple character as indicated by 
the bond values 1.2-1 .35,6 whereas in the N,N-dithiobisarnines the calculated 
bond order 1.04-1.1922 indicates something closer to  a single bond for the S-N 
linkage. 

'H-NMR spectra. The proton nuclear magnetic resonance data for the disulfide 
compounds are shown in Table IV. In general the proton signals are those of the 
R2N-S-NR2 c o m p ~ u n d s , ~  however the chemical shift values are different due to 
the distinct chemical environments. The resonance line of the a proton of the 
NR2 groups moves toward to the high field on going from R2N-S-NR2 to 
R2N-S-S-NR2 indicating an increase of the shielding on those protons. This 
could be due to the decrease of the formal oxidation number of sulfur from 2+ in 
the N,N'-thiobisamines to 1' in the dithiobisamines. In contrast a notable 
increase in the chemical shift values is observed on going from R2N-S-S-NR2 (or 
R2N-S-NR2) to the cyclic (RN)2S4 compounds. This can be interpreted as a 
decrease of the shielding of the respective a protons due to the larger 
electronegativity of the nitrogen atom in the cyclic structure (high N sp2 
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4 C. DiAZ V. and A. ARANCIBIA 

TABLE I1 
Assignments of v(S-N) and v(S-S) band in N,N’-dithiobisamines 

and N,N’-dialkylcyclotetrasulfur-l,4-diimidas 
~~ 

Compounds v(S-N) as v(S-N) sym. v(S-S) 

(R2N)zS2 
NR,: N(CH3), 942 645 450 

N(CH2CH3)2 892 640 605 438 

919 670 .3 
938 680 

n 
\p N 

N ( . . 2 a ) 2  935 670 

R: CH, 795 700 
752 640 495 

830 - 490 

character) than the chain structure (close to sp3 character of nitrogen). Consistent 
with this other cyclic S-N-R compounds23 also exhibit higher proton chemical 
shift than their acyclic  analogue^.^ 

UV spectra. The UV-electronic spectral data for S-N compounds are pre- 
sented in Table V. The longest wavelength transition in the spectra of the 
N, N’-dithiobisamines was assigned by comparison with a UV-spectral studies 
for dialkyldisulfides.z4z6 The absorption band observed at ca. 250 nm is assigned 
to a n, + a*SS transition in the Boyd’s n~tation.’~ This assignment involving the 
disulfide chromophore is consistent with the fact that the respective monothiode- 
rivatives R2N-S-NR2 and its amine precursor does not absorb above 230 nm.27328 

TABLE 111 
Raman spectra of S2(NR2), in the range 

1500-200 cm-’ a 

1450 ( l)b 1460(1.3) 
lW(1.3) 
650 (2.4) 648 (8.2) 

412 (9.5) 620 (2.1) 
390 (8.2) 438 (10) 
345 (4.7) 390 (2.9) 

945 (1) 

452 (10) 640 (2.1) 

a Liquid sample. 
Intensities in parenthesis (0-10). 
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N, N'-DITHIOBISAMINES 5 

TABLE IV 
Proton magnetic resonance spectra of N,N'-dithiobisamines, N, N'- 

dialkylcyclotetrasulfur-1,4-diimides and its monothioderivatives 

R2N R2N-S-S-NR, R2N-S-NR, Ab 
G(ppm from TMS)B 

CN 
n 
WN 
0 CH2N 

CH20 

CH 
(CH2)5 

2.53 (s) 
1.16(t) 
2.71 (c) 

2.% 0.43 
1.16 0.0 
3.03 0.32 

1.55 (m) 

2.80 (m) 

2.80 (m) 

3.70 (m) 

3.93 (s) 

7.13 (m) 

3.36 (s) 
1.43 (m) 
2.31 (m) 

1.56 -0.02 

3.23 0.43 

3.20 0.40 

3.60 -0.10 

4.20 0.27 

7.21 0.08 

a CCI, solution, s = singlet, d = doublet, t = triplet, c = quartet, m = 
multiplet. 

A = G(R2N),S - G(R2N),S2. 

For the N,N'-dithiobis(dibenzy1amine) derivate the corresponding n, + a*SS 
transitions was not possible to assign because the very intense absorptions of the 
benzene group occurs in the same region.29 

Analogously the absorption bands at 280-295 nm observed in the spectra of the 
N,N'-dialkylcyclotetrasulfur diimides, may be assigned to a n, + a*SS transition. 

Data of Table V indicate that the lowest absorption band of R2N-S-S-NR2 
appears around 250 nm whereas the respective band for the cyclic (RN)2S4 
compounds is observed around 290 nm. Several experimental267m and theoretical 

have discussed the relationship between the maximum of the longest 
wavelength ultraviolet disulfide absorption band and the CSSC dihedral angle for 
dialkyldisulfides. The results can be summarized by the linear relation shown in 
Figure 1. As the CSSC dihedral angle is opened from 0 to 90" the absorption 
maximum of the first UV band shifts from near 370 to about 250nm. Also the 
extinction coefficient increases several fold with an increase of the dihedral 
angle.24 Notwithstanding the fact that this correlation has been established from 
dialkyldisulfide corn pound^,'^*^^^^^*^ it seems likely that it also may be used with 
the N ,  N'-dithiobisamines. This approximation is valid because the similar shape 
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6 C. DiAZ V. and A. ARANCIBIA 

350 

A m a r .  
nm 

300 

2 5 0  
,! 

TABLE V 
UV spectral data for S2(NR2)2 and S4(NR), a 

Compound A max ( E )  for n+ a'SS transition 

251 (5000) 
259 (5432) 

256 (5754) 

251 (5128) 

b 

280 (480) 
295 (375) 

( p H 2 - N ) 2  s4 294 (676) 

a In cyclohexane solution, A in nm. 
Hidden under the benzene ring transitions. 

10 

* 
30 60 90 

dihedral  a n g l e ,  deg 

FIGURE 1 Correlation of the longest wavelength transition A,,, vs. the dihedral angle for disulfide 
compounds. Values were taken from references 16, 24, 26 and 30. Numbers are: 1) Dimethyl 
disulfide; 2) Diethyl disulfide; 3) 1 ,ZDithiepane; 4) 4,5-Dihidroxy-1,2-dithiane; 5) 1.2-Dithiane; 6) 
trans 2,3-Dithiadecalin; 7) 1,2-Dithiolane; 8) Acetylaranotin; 9) Gliotoxin; 10) ICY, Sa-Epidithioandros- 
tane-3~~, 17p-diol. 
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N, N'-DITHIOBISAMIWES 7 

R 

R 

FIGURE 2 Structure proposed for S,(NR)2 compounds. 

of the HOMO of R2N-S-S-NR2." and R-S-S-R24 as well as because the similar 
dependence of the S-S dihedral angle.'1q24 For R2N-S-S-NR2 and R-S-S-R the 
most stable conformation occurs at ca. 90" as showed theoretical  calculation^.^^*^^ 
Using the Figure 1 we have obtained values of the S-S dihedral angle for 
N,N'-dithiobisamines and for their cyclic analogues. For R2N-S-S-NR2 the 
values are in the range 84-86" while that for (RN)2S4 a value around 60" was 
estimated. The dihedral angles obtained for N ,  N'-dithiobisamines are in good 
agreement with those determined from a X-ray structure study for the 
dithiobis(morpho1ine). For this, the value is 84.203' whereas the calculated is 86". 
This also is in accord with the structure in solution suggested by proton NMR 
data.15 

For the (RN)2S4 compounds the cyclic constitution has only been suggested in 
basis of molecular weight measurement4 and not structural determination have 
been made. The value of the S-S dihedral angle of 60" estimated for us for these 
compounds is consistent with the cyclic structure shown in the Figure 2. This also 
is in agreement with the IR and 'H-NMR data above discussed. 

EXPERIMENTAL 

Infrared, Raman, proton NMR and UV-visible spectral data were obtained as described else~here.~~' '  
Commercial S,CI, (Fluka) was purified by distillation over sulfur and the fraction boiling between 
136-138°C collected arid immediately used. Amines were dried by reflux with KOH before use. For 
high boiling point amines distillation under reduced pressure was used. 

Petroleum ether and diethylether were purified by reflux over sodium and distillation. 
The method used for the preparation of the sulfur compounds were essentially those reported in the 

l i terat~re ' .~ with some modifications. 

N,N'-dirhiobisarnines. A 1000 ml three necked flask equipped with a mechanical stirrer, a reflux 
condenser with a drying tube, and a pressure-equilibrated dropping funnel was charged with 0.71 
moles of the respective amine in 500 ml of petroleum ether at 0°C. With dimethylamine a saturated 
solution was used. For the synthesis of N,N'-dithiobis(dibenzy1amine) a mixture of 0.15 moles of 
dibenzylamine and 0.15 moles of triethylamine was used. To this 0.17 moles of S2C12 in 10011-11 of 
solvent was added dropwise over a period of 1 h. After the addition of S2CI, the reaction mixture was 
allowed to warm at room temperature and the solid filtered. The solvent was removed in vacuo and 
the crude product recrystallized from ethanol. The liquid diethyl and dimethyl-derivo~ives were 
purified b fractional vacuum distillation. Physical propertics were similar with that reported in 
literature. Y All sulfur compounds were stored in the freezer. 

N, N'-dialkylcyclofefrasulfur 1,4-diimides. These compounds were obtained by reaction of S,C12 and 
the respective primary amine using a high dilution and adding the reactant simultaneously. A 2000 ml 
three-necked flask equipped with a mechanical stirrer was charged with 800 mi of diethylether at 0°C. 
To this 0.05 moles of the respective primary amine and 0.15 moles of S,CI, in two separate dropping 
funnel with drying tubes, were added dropwise at the same time over a period of 90min. Upon 
complete addition of S,CI, and the amine, the reaction was allowed to continue with stirring at 
ambient temperature for an additional 30 min. Following this the precipitate was filtrate off and the 
filtrate was concentrate to 50-100 ml. Then the solution placed in the freezer overnight. Filtration of 
the resulting crystals afforded the pure products. In the case of the methylamine derivative the 
ethereal solution was concentrated and then 10 ml of diethyl ether at -80°C was added. The solvent 
then was quickly evaporated under reduced pressure until ca. fourth of the initial volume. The 
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8 C. DIAZ V. and A. ARANClBlA 

solution was placed in a cold bath (-80°C) and the resulting crystals filtered through a cold frit and 
dried in vacuum. The compounds are white solid and also were stored in the freezer. Physical 
properties were similar with that r e p ~ r t e d . ~  
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