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Effect of Solvents onthe Spectra of 1,5-Disubstituted 2,4-Dithiobiurets™

Summary

The ultraviolet absorption of several 1,5-disubstituted 2,4-
dithiobiurets was examined in a series of solvents covering a
wide range of polarity. Transition energies were plotted against
Z-values®. A linear relationship was observed between the
transition energy (E;) and Z-value for n — n* transition.

These transitions are identified as the charge-transfer (c.t.)
transition.

Introduction

Dithiobiuret has been used as insecticide, plasticizer,
rubber accelerator and intermediate for the production

of thermoplastic and water-repellent resins!. It has been
used as qualitative and quantitative analytical reagent.
The cuprous complex has been proposed as fungicide.
Some copper and nickel complexes have been prepared
from aqueous solutions, their visible-reflectance and
infrared spectra and magnetic properties have been
studied 2. An infrared spectral assignment has been pro-
posed for the silver dithiobiuret complex?3. Practically

* Received May 11, 1971.

1 R.L.SpERRY,U.S.Patent, 2,371,112; Chem. Abstr. 39 (1945) 3556.
2 G.A.MELSON, Proc. IXth I1.C.C.C. 234 (1966).

3 W.I.StePHEN and A.TowNsHEND, J. Chem. Soc. (A) 1966, 166.
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Table I. Spectral Data on DP and DPT
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Solvent Z-value Dielectric constant DP DPT
Amlx (A) emax f Amnx (A) 8mnx ./-

Dioxane (Diox) - 2.21 2940 22536 1.3517 2870 22 248 1.0308
Carbon tetrachloride (CCl,) - 2.22 2980 21 487 0.6851 2950 21 665 0.7394
Chloroform (CHCI;) 63.2 4.64 2970 20972 1.0305 2940 21078 0.7293
Dichloromethane (pcM) 64.2 9.08 2980 21 903 1.0011 2950 21 229 0.8437
Pyridine (Py) 64.0 123 3040 21 887 0.3309 3050 18 965 0.2560
1-Butanol (1-BuOH) 11.1 17.1 2920 25526 1.2743 2880 25 490 0.9690
1-Propanol (1-PrOH) 78.3 20.1 2910 25 411 1.4930 2870 24 955 1.3860
Ethanol (EtOH) 79.6 243 2890 25190 1.1496 2850 24 905 1.0661
Methanol (MeOH) 83.6 32.6 2870 24 741 1.2628 2840 23 490 1.0146
Acetonitrile (An) 71.3 36.2 2900 23 335 1.1822 2870 23 7170 0.9601
Dimethylformamide (pMF) 68.5 37.0 2850 29 678 1.3397 2850 27507 1.1556
Dimethylsulphoxide (pMso)  71.1 46.6 2960 27 641 1.4269 2910 22 401 1.1080
Formamide (FA) 83.3 109.5 2780 21479 0.7285 2800 21131 0.5659

no work has been done on 1,5-disubstituted 2,4-dithio-
biurets except their synthesis, as revealed from the
available literature. Several 1,5-disubstituted 2,4-dithio-
biurets have been prepared by Dixir’s method?.

For most chemical processes and for spectroscopic
transition, the properties of the solvent group immedia-
tely around the species of concern, controls the course of
events. A more general empirical parameter was given by
KosowEeR5: ¢ with the discovery that the charge transfer
absorption band of 1-ethyl 4-carbomethoxy pyridinium
iodide was extremely sensitive to the solvent. The transi-
tion energy corresponding to the absorption band was
defined as the Z-value for the solvent in which it was
measured.

The purpose of the present paper is to study the effect
of solvents of different solvent polarities on the electronic
transitions of some 1,5-disubstituted 2,4-dithiobiurets.
These compounds have been found to exhibit n — 7 *
transitions in the ultraviolet region. It is observed that
Z-values are useful in the analysis of the results.

Experimental

Chemicals

All the solvents used were of either B.D.H. ‘AnalaR’
quality or E.Merck ‘G.R.’ quality. Freshly distilled
solvents? were used in all the experiments and the
solutions were prepared immediately before use.

Spectral measurements

The absorbance measurements were made at 25 £ 1°C
with a UV-Vis 139 Perkin-Elmer spectrophotometer
using 0.5 cm matched quartz cells. The absorption maxi-
ma were measured carefully in the usual way.

4 S.N.Drxrr, J. Ind. Chem. Soc. 407 (1962).

5 E.M.Ko0SoWER, J. Amer. Chem. Soc. 80 (1958) 3253.

¢ E.M.KOSOWER, J. Amer. Chem. Soc. 80 (1958) 3261.

7 A.WEISSBERGER, E.S.PROSKAUR, J.A.RippIick and E.E.Toors
jr., Techniques of Organic Chemistry, Vol. VII, Interscience, New
York 1955.

8 C.N.R.Rao, Ultraviolet and Visible Spectroscopy—Chemical Appli-
cations, second edition, Butterworth, London 1967, p. 14-5.

The oscillator strength (f) was calculated from the
following relation:

f=432x10"° [edv,
utilising A, A% = [e dv,

where A9 is the wave number of the half band width.
Transition energy (E;) was calculated from the relation

1
= g
E(kcal/mole) = 2.859 x 105 X YR
The spectra of
1,5-diphenyl 2,4-dithiobiuret (DP)
(CGHS—NH—C—NH—C—NH—CGHS)
I I
S S
1,5-di-p-tolyl 2,4-dithiobiuret (DPT)
(CHs—CsH,—NH—C—NH—C—NH—CGHQ—CH:,)
| ll
S S
1-Phenyl 5-o0-tolyl 2,4-dithiobiuret (po0T)
(CGHS—NH—C—NH~C—NH—C6H,—CH3)
I I
S S
1-Phenyl 5-p-tolyl 2,4-dithiobiuret (ppT)
(C‘HS—NH—ﬁ—NH—ﬁ—NH—C,,H,—CH,)
S S
1-Methyl-5-p-tolyl 2,4-dithiobiuret (MPT)
(CH3—NH—(|I—NH—C—NH—C6H4—CH3)
I
S S

were measured in a series of solvents, varying in polarity
from chloroform (Z 63.2) to methanol (Z 83.6). The
results are summarized in tables I and II. The transition
energies in different solvents are plotted against Z-values

(cf. fig.1 to 3).

Discussion

The electronic transitions of low intensities and low
f-values are classified as n — 7 * transitions (i.e. around
280 mm and above)?s.
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is related to the degree to which the position of the n—z*
transition responds to the polarity of the solvent, the
slope averaging out the changes over a range of solvent
polarities. The “solvent sensitivities** derived by differ-
ence, E, (CH,OH) — E;(CHCl;) the slopes and the
solvent sensitivities corresponding to these slopes
(obtained by multiplying the slope by the Z-value
difference between the solvents, AZ) are listed in Table
III. It reveals a moderately good linear relationship be-
tween n — 7 * transitions and the Z-values which sup-
ports the view that the n — z* transitions are charge
transfer transitions.
R—NH—C—NH—C—-NH—R’ & R—NH—C=N—C—NH—R"

[ I | Il
S S SH S

1

R—NH—C=N—C—NH—R’ & R—NH—C—N=C—NH—R’

| I I |

”S *SH S SH

3

R—NH—C—N=C—NH—R’

Il

*SH S~

7t — n* Transitions

The shape of the absorption band reveals a shoulder
at shorter wave-length in solvents with lower Z-values.
It may be due to the overlap of two bands which have
roughly the same intensity and solvent sensitivity. The
crude resolution indicates that long wave-length and
short wave-length bands vary in the same manner with
the solvent change. The low intensity transition at
shorter wave-length may be a 7 — & * transition.

Inspection of the data from tables I and II shows that
the substituents on the nitrogen do not influence the

position of A, in the same solvent within the experi-
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Table I11. Solvent sensitivities of some substituted dithiobiruets

n—>m*
Substituted AEqp* Ep=mZ+ b
Dithiobiuret kcal/mole m m(42Z)**
kcal/mole
DP 3.36 0.160 3.24
DPT 3.42 0.165 3.35
POT 3.03 0.146 2.98
PPT 2.74 0.130 2.67
MPT 3.20 0.155 3.16

* Definied as the difference between methyl alcohol and chloroform
transition energies.

* *The numbers in this column should be compared with those under
AEqp.

mental error. This may be due to the fact that the hydro-
gen atom of the —Ni-groups between the two thio-
carbonyl groups moves during enolization and not the
hydrogen of one the other _NH-groups.
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Uber einige Ringoffnungsreaktionen von Tetrazolo(1,5-b)pyridinen

Summary

The six-membered ring of tetrazolo (1,5-b)pyridines is
cleaved under the influence of bases. The monocyclic products
were isolated in the form of their sodium salts and their
structure was determined by means of NMR spectroscopy.
Furthermore, it has been shown that certain tetrazolo (1,5-b)-
pyridines are transformed at elevated temperatures and in the
presence of dimethylsulfoxide into the corresponding pyrido-
sulfoximines via pyrido (2,3-c)furoxanes.

Einleitung
Obwohl Tetrazolo (1,5-b)pyridine! und Tetrazolo-

(1,5-b)pyridazine? stabile heteroaromatische Verbin-
dungen sind, ist iiber die chemische Reaktivitit dieser

1 W.L.MosBY, Heterocyclic Systems with Bridgehead Nitrogen Atoms,
Part I1, S. 861, Interscience, New York 1961.

2 B.StaNovnik, M. TiSLER, M. CEGLAR und V. Ban, J. Org. Chem. 35
(1970) 1138 und Literaturangaben darin.

Systeme wenig bekannt. Bei Tetrazolo (1,5-b) pyrid-
azinen wurden lediglich die nukleophilen Substitutionen
von inStellung 6 gebundenen Halogenatomenuntersucht.
Wir haben jetzt gefunden, dafl unter Einwirkung ge-
eigneter Basen bei Tetrazolo(1,5-b)pyridinen eine
Offnung des ankondensierten Sechsringes stattfindet.
Bisher konnten wir eine durch Basen bewirkte Ring-
6ffnung nur bei quaternisierten s-Triazolo (4,3-b) pyrid-
azinen beobachten, wobei aber der Triazolring aufgespal-
ten wurde3,

Ringoffnungsreaktionen

Tetrazolo (1,5-b) pyridine mit elektronenanziehenden
Substituenten in Stellung 8 oder 6 (1) lésen sich in Na-

3 V.Pirc, B.StanovNIE und M. T1SLER, Monatsh. Chem. 102 (1971)
8317.
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tronlauge oder in anderen Basen (z.B. Alkoholate, Mor-
pholin usw.), wobei eine NMR-spektroskopische Verfol-
gung der Reaktion auf eine grundlegende Verinderung
des bizyklischen Systems hindeutete. Wir konnten die
Natriumsalze der entstandenen Dienole isolieren und
den Reaktionsverlauf wie folgt erkliren. Die zugefiigte
Base bewirkt zuerst Aufspaltung des Sechsringes (2),
worauf eine cis-trans-Isomerisierung entweder an einer
(3) oder an den beiden exozyklischen Doppelbindungen
(4) stattfindet. Im Falle des 8-Nitrotetrazolo (1,5-b)-
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pyridins erfolgt die Isomerisierung an beiden Doppel-
bindungen nach erfolgter Aufspaltung schon bei Raum-
temperatur (5), wihrend die 6-Nitro-Isomere unter
diesen Bedingungen nicht isomerisiert (6). Die 8-Cyano-
Verbindung befindet sich nach Ringéffnung bei Raum-
temperatur in der cis-trans-Form (7), unter dem Ein-
fluB der Wiarme (60°) bei der Isolierung des Natrium-
salzes findet aber teilweise Isomerisierung zu (8) statt,
so daB}  die isolierte Verbindung ein Gemisch von
trans-trans (8)- und cis-trans (7)-Isomeren. (4:1) dar-
stellt. Bei weiterem Erhitzen auf 80° wird vollstindig
zur trans-trans-Verbindung isomerisiert. Die Zuordnung

Tabelle;l

Verbindung Chemische Verschiebung (7) Kopplungskonstanten
H, Hp Hc Jap JBc

5 0,15 (d) 4,35 (dd) 1,77 (d) 8,5 15

6 3,30 (d) 3,62 (dd) 0,25 (d) 10,5 0,6

1 1,66 (d) 3,55 (dd) 2,65 (d) 9,7 13

8 1,60 (d) 4,30 (dd) 2,10 (d) 10 13

d = Dublett; dd = Dublett des Dubletts.
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der Struktur zu den Verbindungen 5 bis 8 erfolgt aus den
chemischen Verschiebungen und Kopplungskonstanten
(Tabelle 1).

Die untersuchten Tetrazolo (1,5-b)pyridine sind po-
tentiell tautomere Verbindungen, wenn man eine Tetra-
zolo-Azid-Valenzisomerisierung (9-10) in Betracht zieht.
Wir konnten jedoch feststellen, daB} sich alle untersuch-
ten Verbindungen in einer Dimethylsulfoxid-dg-Losung
bei Raumtemperatur sowie auch im festen Zustand (Ab-
wesenheit des fiir Azide charakteristischen Bandes im
IR-Spektrum) ausschlieflich in der Tetrazol-Form be-
finden. Ahnliche Beobachtungen wurden neulich fiir
einfache Verbindungen dieser Reihe mitgeteilt4.

Beim Erhitzen einer NMR-Probe von 8-Nitro- und
6,8-Dinitrotetrazolo (1,5-b) pyridin konnten wir die zwei
nachfolgenden chemischen Umwandlungen beobachten.
Als erste Reaktion erfolgt die Bildung des entsprechen-
den Pyrido (2,3-c)furoxans (11, R = H, bei 130° in 40
Minuten quantitativ; 11, R = NO,, bei 90° in ungefihr
10 Minuten), welches in einem parallelen Versuch auch
isoliert und charakterisiert werden konnte. Die Bildung
solcher Verbindungen ist bekannt, jedoch wurde 11
(R = H) durch Pyrolyse gewonnen®. Neben der erwiihn-
ten Reaktion in Dimethylsulfoxid konnten wir 11
(R =H) auch durch Erhitzen von 9 (R =H) in
Schwefelsdure bei 100° in 11 Stunden quantitativ er-
halten. Bei noch hiherer Temperatur werden die Pyrido-

NO, NO,

NN N /N\CI)
R N RN —N\O
10 1

cl
N==! .
— | Co, -
R 0,

12

(2,3-c) furoxane zersetzt unter Bildung von entsprechen-
den Sulfoximinen (12). Offensichtlich kommt es dabei
zur Bildung von Nitrenen, die sich bekanntlich an
Sulfoxide addieren®. Die Struktur dieser Verbindungen
wurde durch analytische und spektroskopische Daten
gesichert.

Uber Ringdffnungsreaktionen von Tetrazolo (1,5-b)-
pyridazinen wird an einer anderen Stelle berichtet.

B.StanovNIK und M. TiSLER

Institut fiir organische Chemie der Universitit Ljubljana,
6 Murnikova, 61000 Ljubljana (Jugoslawien)

4 C.WENTRUP, Tetrahedron 26 (1970) 4969.

5 J.H.BoYER, D.I.McCANE, W. J.McCARVILLE und A.T.TWEEDIE,
J. Amer. Chem. Soc. 75 (1953) 5298.

¢ W.Lwowskl, Nitrenes, Interscience, New York 1970.





