The electronic spectra of the crystals were photographed with an ISP-28 spectrograph in polarized light
at 4.2°K by the method described in [3].

The lattice parameters and the space group of the Illa crystal were determined from the rotational x-ray
diffraction patterns and reciprocal lattice patterns and were refined with a DARM-2.0 diffractometer, The set
of integral intensities was generated with a DARM~2.0 diffractometer. A total of 1240 independent reflections
was measured. No correction for absorption was introduced. The structure was decoded by direct methods
[12]. The bond lengths and valence angles are presented for R-0.114,
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SOME TRANSFORMATIONS OF
¢,w-BIS(1,3-THIAZAN-2-THION-4-ON-3-YL)ALKANES

B. 8. Zimenkovskii and N. M. Turkevich UDC 547.869'792.7

The reaction of o ,w~bis(1,3-thiazan-2-thion-4-on-3-yl)alkanes with hydrazine gives the cor-
responding o ,w-di(4-thiosemicarbazido)alkanes, which are readily acylated. Subsequent de~
hydration of the acylation products gives the corresponding 5,5'~dialkyl-«,w-bis @,3-dihydro-
1,2 ,4~triazole-3~thion-4-yl)alkanes, whichare converted to5,5'-dialkyl- o ,w-bis (1,2 ,4-triazol-
4-ylyalkanes by known methods. The UV and IR spectral data are presented.

Compounds having bactericidal, chemotherapeutic, and cytostatic activity have recently been observed
among 1,2,4~triazole derivatives [1-3]. Some triazoles have found technical application [4, 5]. In view of the prac-
tical significance of this class of compounds, we set out to synthesize some bistriazolinethiones,

One of the well-known methods for the preparation of 3-mercapto-1,2,4-triazoles consists in acylation of
thiosemicarbazide [6] and subsequent dehydration of the product. We carried out the hydrazinolysis in n-butyl
alcohol or in an aqueous alkali solution of @,w~bis (,3-thiazan-2-thion-4-on-3-yljalkanes (I) synthesized via a
simplified method [7, 8] to give the corresponding « ,w~-di(4-thiosemicarbazido)alkanes (II) (Table 1), which are
the starting compounds for the synthesis of bistriazole-3-thiones. Similar compounds have been described in
the literature, but they were obtained by a fundamentally different method and in lower yields [9].

Compounds II are relatively easily acylated by glacial acetic acid and benzoyl chloride in dry pyridine.
In the case of the first reagent o ,w-bis(1~acyl-4-thiosemicarbazido)alkanes (IIIa) are formed smoothly. The
use of acetic anhydride as the acylating agent leads to oils that are difficult to purify.
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TABLE 1, a,w~-Di{d~thiosemicarbazido)alkanes and Their

Derivatives
UV spec. in
le,, .
Com- % . °C Found, % Empirical Cale., % methanol  |yield,
n ’
pound P formula Py %
N s N | s | maxi ge
nm

221—222 40,2 {30,8 | C.H;2NeS, 40,4308 239 | 395 | 77

11 — ]2
I j — |6]141—142 32,1 {24,5 | CgH20NeS2 3181242 ]238— ] 4,34 | 54
‘ 1 239

Iia|CH; |2 | 240 (dec.) 129.0{22:11 CsHeNeO:Se 287219 245 | 442 | 54
b | CeHs | 2 | 184—186 19,7 115,5 | CiaH2aNg02S2 (20,2154 245 | 447 | 61
IlTaj CHs |6 {189—191 242118,0] CioHosNeO,S2 124,111841 245 | 441 | 57
I1Ib} CeHs | 6 | 130—132 18,1 113,31 CooHasNeO2S: [178[136) 246 | 442 | 49
IVa} CH; | 2 | 320—321 32,6125,3 | CsHaNgSs 3292501 256 | 446 | 91
IVb | CeHs | 2 | 300 (dec.) {22,4]17,2] CisHisNeSo 22,1 |16,8;1 257 | 435 | 28
IVa|CH; | 6 | 212—213 26,6 120,4 | C1oH20NeS2 26,9120,01 254 | 447 § 96
IVb | CeHs | 6 | 195—197 19,6 {14,9 | CaeHoyNeS, 192114,7] 257 | 444 | 75
vVajCH; | 2| 186—188 43,1 — | CgHsNg* 4371 — | — - 22
Vb{CH;s |6 117—120 {335] — | CiHaoNst 338( - —_ —_ 72

*Found: C 49.6; H 6.2%. Calculated: C 50.0; H 6.3%.
T Found: C 58.2; H 8.0%. Calculated: C 58.0; H 8.1%.

We obtained the corresponding 5,5'-disubstituted o ,w-bis (1,2,4-triazol-5-ine-3-thion-4-yl)alkanes (IV) by
heating acyl derivatives III with aqueous alkali solution and subsequent neutralization with hydrochloric or acetic
acid solutions,

5,5'-Disubstituted o ,w~bis(1,2,4-triazol-4-ylalkanes (V) are formed by desulfuration of IV with a mixture
of dilute nitric acid and sodium nitrite,

0 0
N (CHodany 4 NH,NH,-H,0
d A ——2 2T [ NH,NHCNH | (Cl;), + 2 HSCH,CH,CONHNH, + 4 1,0
0 B AN i
!

n

S

ONHNHCNH ], (GH NaoH | AN
[RC NH G L(CHy), ~H,0 (CTHQ)" (CIH2)n
S R N S R« N\
la,b Y M
N—NH N—N
va,b vab

IH-V a n=2; =6 R=CHy;; b n=2; n=68; R=CgH;

The UV spectra of methanol solutions of II-IV are characterized by one absoi'ption maximum at 238-257
nm, which corresponds to the maxima of unsubstituted thiosemicarbazide 241 nm) and thiourea (239 nm).

A characteristic hypsochromic shift of the maximum, respectively, from 256 to 236-238 nm (i.e., a shift
of 19 nm) and from 254 to 232-234 nm (i.e., a shift of 21 nm) is observed when IVa (R = CHy are dissolved in
a 0.1 N NaOH solution; this is evidently associated with conversion of IV to the sodium thiolate form NH—

C=5 2% N—=C—S§-Na*+ and with hindered electron transfer in the molecules, which requires a higher energy

1 1 o
for AE of, respectively, 37.6560 and 41.840 kJ/mole (9 and 10 keal/mole).

Solid IV exists in the thione form; this is confirmed by the IR spectra. Thus the spectra of IVa (R = CHy)
are characterized by strong and medium bands (successively for n =2 and n = 6) at 1460 and 1456 (I NCS),
1352 and 1354 (I NCS), and 1045 and 1050 em™! (I NCS). The presence of these bands is in good agreement
with-the data in [10] for a number of different thioamides. In addition, the spectra of IV do not contain deforma-
tion vibrations of a.S—H bond at 2550-2600 cm™, and the presence in the spectra of both compounds of strong
bands corresponding to N— H stretching vibrations at 3450 and 3334 cm™! confirms the presence of a hydrogen
atom attached to the nitrogen atom rather than to the sulfur atom.

EXPERIMENTAL
The UV spectra of methanol solutions of the compounds were recorded with an SF-4A spectrophotometer.

The IR spectra of KBr pellets of the compounds were recorded with a UR~20 spectrometer,
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o ,w-Di(4-thiosemicarbazido)alkanes (II). These compounds were obtained by reaction of 0,005 mole of I
(n = 2) with 0,01 mole of a 48% solution of hydrazine hydrate in 250 ml of n-butyl alcohol by refluxing for 15-20
min, The reaction mixture was cooled, and the resulting precipitate was removed by filtration, washed with
methanol, and dried. The product can be purified by chromatography on silica gel, but it is suitable for the
subsequent syntheses without additional purification,

In the preparation of II (n =6), I (n = 6) was treated with hydrazine hydrate in aqueous alkali solution,
and the mixture was refluxed for 10 min, after which it was allowed to stand for 4-5 h until a precipitate
formed. The precipitate was removed by filtration, washed with ether, and dried.

The synthesized IT were obtained as white crystalline substances that were insoluble in most of the ordi-
nary organic solvents even when the mixtures were heated.

o,w-Bis(1-acyl-4-thiosemicarbazido)alkanes (Ilfa). A 0,004-mole sample of II was refluxed in 15 ml of
glacial acetic acid for 1-4 h, after which the mixture was cooled and allowed to stand for 24 h. The resulting
precipitate was removed by filtration, washed with water, methanol, and ether, and dried to give white crys=-
talline substances that were soluble in dilute alkali solutions and insoluble in most of the ordinary organic sol-
vents even when the mixtures were heated.

o,w-Bis(1-benzoyl-4-thiosemicarbazido)alkanes (IIIb). A 2.9-ml sample of benzoyl chloride was added
dropwise with cooling (to 0°C) and continuous stirring in the course of 40 min to a solution of 0.01 mole of T in
6 ml of anhydrous pyridine, after which the mixture was stirred with cooling for 40 min and at 20°C for another
30 min. It was then allowed to stand for 12 h, after which it was stirred with 10 ml of water. The resulting oil
was separated and dissolved in methanol, The colorless crystalline solid was removed by filtration, and the
filtrate was treated with water to precipitate the reaction product as a colorless crystalline compound, which
was removed by filtration, washed with ether, and dried. In the case of the preparation of Il (n = 6) the meth~
anol eluate was evaporated to dryness, and the residue was washed with ether. The synthesized compounds
were soluble in DMF, acetone, and dioxane but insoluble in water and other organic solvents,

5,5'-Disubstituted @,w-Bis(1,2,4-triazol-5-ine-3~thion-4-yl)alkanes (IV). A mixture of 0.01 mole of IIa,
0.02 mole of NaOH, and 4 ml.of water was refluxed for 1 h, and the mixture was cooled with ice and treated
with 2 ml of concentrated HC1. After 2 h, the resulting colorless crystalline substance was removed by filtra-
tion, washed with water and ether, and dried.

In the preparation of IV from IIlb, the reaction mixture was filtered immediately at the end of the reflux-
ing period. The filtrate was acidified with acetic acid to pH 4.5, and the resulting precipitate was removed by
filtration, washed with water and ether, and dried to give white crystalline substances that were soluble in DMF
but insoluble in most of the ordinary organic solvents and water.

5,5'-Dimethyl-a,w-bis(1,2,4-triazol-4-yl)alkanes (V). A 0.005-mole sample’ of [Va (R = CHy) and 0.1 ml
of concentrated HNO; were added to a heated (to 45°C) mixture of 1.5 ml of concentrated HNQO;, 0.01 g of sodium
nitrite, and 3 ml of water, and mixture was stirred for 1 h, after which it was neutralized to pH 7.5-8.0 by the
addition of 1.1 g of sodium carbonate and bicarbonate, The water was then removed by vacuum distillation, and
the residue was extracted with four 15-ml portions of ethanol. The extract was evaporated to dryness, and the
residue was extracted repeatedly with four 25-ml portions of methanol. The methanol extract was decolorized
with activated charcoal and filtered, and 250 ml of benzene was added to the filtrate, After 24 h, the solution
above the solid was decanted and a new portion of benzene was added. Where necessary, the process was re-
peated until a crystalline substance was obtained; this substance was extracted with three 25-ml portions of
ethyl acetate to obtain the product. The solvent was removed by vacuum distillation, and the residue was
treated with 4 ml of ethanol. The ethanol mixture was filtered, and the filtrate was evaporated to dryness, The
residue was washed with ether, and the purification process was repeated to give a colorless substance that
was soluble in cold or hot water, methanol, and glacial acetic acid.
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1y, '3c, and 2°Si NMR SPECTRA OF 1-METHYLAZASILATRANE

S. N. Tandura, V. A, Pestunovich, UDC 547.898'245 ; 543.422.25
M. G. Voronkov, G. I. Zelchan,
I. 1. Solomennikova, and E. Ya. Lukevits

Considerable shielding of the 11 and 2%Si nuclei due to transannular nitrogen—silicon coupling,
which is expressed more clearly than in the case of silatranes, was established on the basis of
1y, 13C, and 2%Si NMR data for the methylsilyl group in 1-methyl-2,5,8,9-tetraaza-1-silatricy-
clo[3.3.3.0!5jundecane (1-methylazasilatrane) and a comparison of these data with the data for
the methyl[tris (dimethylamino)]silane model. It is shown that the change in the hybridization
of the silicon atom associated with the increase in its coordination number is not only reflected
in the chemical shifts but also leads to an increase in 1JCH and 2Jgip-

We have measured the chemical shifts of the 'H, 13, and 2°Si nuclei and the constants of spin—spin coup-
lingbetween them for the methylsilyl group in the molecules of the recently synthesized 1-methyl~2,5,8,9-tetra-
aza—l—silatricyclo[3.3.3.01’5]undecane [1-methylazasilatrane (I)] {1] and the model compound methyl[tris(di-
methylamino)]silane () (Table 1).

CH SI{NHCH,CH,)yN ct135il.\1(«;t|3;,]3
| S

] u
The existence of transannular nitrogen—silicon coupling in the I molecule ensures appreciably greater,
as compared with II, shielding of the hydrogen and silicon-29 nuclei of the CH;—Si fragment. The difference in
the 2%Si chemical shifts in these compounds is also due to the paramagnetic contribution (+16 ppm) [2] of the
three "additional" methyl groups attached to the nitrogen atom in model compound II. Thus the contribution of
the N — Si coordinate bond to shielding of silicon-29 in 1-methylazasilatrane I is ~34 ppm. According to our

data, the differences in the chemical shifts of silicon-29 between organylsilatranes RSVi(OCHQCHg);,IlE and the
corresponding organyltriethoxysilanes RSi(OCH,CHj); are 20-25 ppm. It may therefore be assumed that the
transannular nitrogen— silicon coupling in the azasilatranes is expressed more clearly than in silatranes. The
latter assumption is also in agreement with the results of a study of the dipole moments of these compounds [1].

The change in the hybridization of the silicon atom in the I molecule due to the increase in its coordina-
tion number leads to an appreciable decrease in its electronegativity. This is reflected not only in the 14 and

TABLE 1. Parameters of the NMR Spectra of 1-Methylazasila~-
trane and Methyl[tris(dimethylamino)]silane

Com- Chemical shifts, ppm §8CC, Hz
pound | s sy | sesh Yen | s
I -0,37 +2.46 —68,5 113,7 56
11 ~0,01 —6,36 -16,3 117.2 6,3
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