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Acrylonitrile reacts with dithiocarbaminates 1o give nitriles of N-alkyl-
S-thiocarbaminyithiohydracrylic acids, which are then hydrolyzed to
the corresponding amides and acids. Dehydration of the latter gives
3-alkyl-2-thiothiazon-4-ones, The UV spectra of N-alkyl-S-thiocarba-
minylthiohydracrylic acids, and amides and nitriles of them are char-
acterized by two maxima in the 245-250 nm (thioamide band) and
266-280 nm (dithiocarbonate band) regions, Thiazan ring closure re-
sults in bathochromic shift of absorption maxima due to lengthening

of the conjugated chain, The average values of the atomic refraction
for sulfur in the molecules of the compounds investigated correspond

to a thioketone structure,

3-Alkyl-3~thiothiazan-4-ones have been investigated
by Seyden-Penne [1}, Garraway [2], E. V. Vladzimir-
skaya[3], and Campaigne and Nargund [4]. These
compounds were synthesized by dehydrating N-alkyl-
S-thiocarbiminylthiohydracrylic acids, which in turn
had been obtained by hydrolyzing the corresponding
nitriles, or the products of reaction of g~chloropro-
pionic acid with dithiocarbaminates. It is to be noted
that 2-thiothiazan-4-ones are considered starting ma-
terials for preparing fungicides and pesticides 5, 6].

We aimed to investigate the UV absorption spectra
of 3-alkyl-2-thiothiazan-4-ones and intermediates used
in synthesizing them, and in the cases of such com-
pounds as were liquids, to calculate the atomic refrac-
tion of the sulfur atoms. The substances investigated
were synthesized according to the following plan.
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This method gave 10 nitriles I, 7 amides II, 8 acids

ITI, and 4 3-alkyl-2-thiothiazan-4-ones IV. The mole-~
cules of the nitriles of the N-alkyl-S-thiocarbaminylthi-
ohydracrylic acids contain two chromophores with p—7
conjugation, viz. thioamide and dithiocarbonate chro-
mophores, which give rise to two absorption maxima

in the UV spectrum (Table 1).

Replacement of the nitrile group by amide and car-
boxylic chromophores does not give rise to marked
changes in the absorption spectra of the compounds
studied (Table 2, Fig.2), because aliphatic carboxylic
acids and their amides have a very intense maximum
only in the region below 220 nm [7]. The first maximum
in the 245-250 nm region is connected with the presence
of the thioamide chromophore, since one of the sim-
plest thicamides, thiourea, has one absorption maxi-
mum at 241 nm (see Fig.1).

The second maximum of the nitriles, at 266—280 nm,
is to be assigned to a dithiocarbonate band, since 8 -alk-
oxythiocarbonylthiohydracrylic acids are character-
ized by a similar maximum [2].

Figure 2 and Tables 3 and 4 show that dehydration
of N-alkyl-S-thiocarbaminylthiohydracrylic acids, giv-
ing a thiazanone ring, gives rise to marked changes
in the UV absorption spectra. Characteristic of 3-al-
kyl-2-thiothiazan-4-ones are two absorption maxima
which are, however, much displaced bathochromically.
Thus the first maximum is in the region 270-274 nm,
and the second in the 315~330 nm region. Such a large
displacement of the maxima is connected with consid-
erable increase in the p—7—p—r chain of conjugation.

Three of the compounds synthesized were liquids:
3-propyl-2-thiothiazan-4-one, 3-isobutyl-2-thiothia-
zan-4-one, and N-diethyl-S-thiocarbaminylthiohydra-
crylonitrile, Their molecular refractions were deter-
mined (Table 5) and then the increment for the two
sulfur atoms in the molecules of the compounds calcu-
lated. Increments for sulfur atoms are known to vary
greatly, depending on the type of compound, which is
bound up with details of their structures. For all of
the three compounds investigated the mean atomic re-
fraction for sulfur was 9.7, corresponding to the in-
crement for the thioketone structure [8]. Although in
one of the compounds investigated one sulfur atom is
an ether one (Batsanov [8] gives an increment of 8.0
for it) and the other a thioketone one, we found en-
hanced increment values, which are bound up with
shift of a lone pair of electrons on the thioether sulfur
atom. E. V. Vladimirskaya [9] found similarincreased
increments with thiazan-2, 4-diones, and the corre-
sponding S-carbaminylthiohydracrylic acids.

EXPERIMENTAL

N-Alkyl-S-thiocarbaminylthiohydracrylonitriles (I). An equimolec-
ular amount of CS, was added dropwise to a solution of 0.02-0.72
mole amine in 10-100 ml EtOH, which was stirred and held at 0° C,
After a single phase formed, an equivalent (on the CS;) amount of
acrylonitrile in 1-10 mil glacial AcOH was added. Then the products
were diluted with water, and the solid filtered off, washed with water,
and recrystallized from water diluted with EtOH or MeOH. In the cases
of the methyl and diethyl? derivatives, the reaction products were ex-
tracted from the reaction mixtures with ether. Methylamine was
brought to react as its hydrochloride, and ethylamine as its hydro-
bromide.

N-Alkyl-S-thiocarbaminylthiohydracrylamides (1), 0,55-3.0 g
nitrile was stirred for 10 min at —5° C with 5-30 ml conc H,;30, Then
the reaction products were poured into 20 ml ice water, the crystals
filtered off, washed with water, and recrystallized from water,

N-Alkyl-S-thiocarbaminylthiohydracrylic acids (I1I). 3-50 mMl
N-alkyl-S-thiocarbaminylthiohydracrylonitrile was refluxed for 1 hr
in 3-60 ml dilute HCI1 (1:1). The solid precipitated on cooling was
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Table 1 H AN /R

o
24 R
N-Alkyl-S~thiocarbaminylthiohydracrylonitriles (I) "2c\s/é\q

R R | Mp, °C lipqqenm|lge| Formula [ Found, % (}alculated,%g <
| N ] s N | s ;5\
CH;, H 39 245 3.91|CsHgN2S, 1760 39.86) 17.47 | 40.00|36.7
265--267 | 3.92
CoHs H 91 248 3.84{CsHoNsS; | 1607 | 36.45| 16.17| 36.78 | 54.6
270.5 |3.85
CH,CH=CH, H 62 250 3.971C;H oN2S, | 14.67 15.04 80.6
. 270 3.93 C 4469 C 45,12 :
. CH, H 542 H 5.41
CH< H 96 250 3.90,C7HsN2S; | 1520 34.12 | 14.88 | 34.06 | 74.5
CH; 270 3.91
CH,CH.CH3; | H 67 250 3.85{C7H2N.S, | 1471 | 3440 14.88 | 34.06 | 87.3
CH 270 3.85
O 5 5
CH.CH H 53 250 [3.94/CsHi:NsS, | 1421 | 31.75| 13.85 | 31.70 | 76.8
N\CH, 970 |3.94
CH.COOH H 85 250 3.88/C¢HgNoO,S,| 13.59 | 31.12 | 13.71 1 31.39138.0
270 3.86
CH; CH; 43 245 3.89|CeH\oN2S, | 16.43 16.09
275 3.97 C 4172 C 41.33 | 53.9
H 598 H 5.74
CoHs CoHs|Liquid, bp| 250 |3.82|CsH,N,S, | 13.98 | 31.42| 1383 | 31.70 37.8
130° C 280 394
(0.5 mm)
o\\C/NH'z
- R
Table 2 H,¢ 1\,’<R
N-Alkyl-8S-thiocarbaminylthiohydracrylamides (II) Hi’c‘s’c\\s
j Found, % !Calculated,%|
R R’ MP' ! ;'m ax’ nm lge Formula P:
°C N s N s |y
- . P
| |
Colls H 118 250 3.98 | CeHsN,OS, | 1461 33.47 | 14.56 | 33.35| 54.5
270 3.99
/CHa
CH\ H 129 250 3.93 ] C;H4N,0S; | 13.89] 31.01 | 13.58] 31.10]70.0
CHg 270 3.93
CH,CH,CH; H 103 250 3.951 C;H,N,OS, | 1367 | 31.43| 13.58| 31.10|77.5
270 394
/CH3
CHQCH\ H 104 250 3.96 | CsHN,OS, | 13.09| 29.21 | 12,72 29,10 | 87.4
CH; 270 395
CH,CH=CH, | H 90 250 3.89 | C;H2N,OS, | 13.89] 31.93| 13.72| 31.39 : 745
270 3.87
CH; CH,; | 121 250 4,00 | CH N,OS, | 1450} 3321} 14,57 33.35| 63.4
275 4.03
Cylls Colls| 106 250 4.00 | CsH eN,OS, | 1290 | 28.79 | 12.75| 29.11 | 57.4
280 4.04
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Fig. 1. Absorption spec-
Lrum plots for urea (1),
N-carboxymethyl-S-thio-
carbaminylthiohydra-
crylonitrile (2), N-n-
propyl-S-thiocarbaminyl-
thiohydracrylamide (3).
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Fig. 2. Absorption spec~
trum plots of N-carhoxy-
methyl-8S~thioscarbumi-
nylthiohydrylic acid (1),
3-n-propyl-2-thiothia-
zan- l-one, (2), and 3-
carboxymethyl-2-thjo-
thiazan~-1-onc (3).
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0\\C/OH
Table 3 M, Nx\"‘
i i 3
N-Alkyl~S-thiocarbaminylthiohydracrylic acids (II) H,CugCxg

s

] <o
) Calculated,| %
Found, o
R R’ Mp’ ‘)“m o x'nm lg e Formula o ! 07_0_ N 07" E
°C N J S N } S 2
3 R
CHs H 88 | 250 390 | CsHxNO:S; [7.94| 35.577.81 | 3577 | 835
270.5 | 3.6
CeHs H 99 | 250 | 387 Csll NO.S, | 6.91| 33.14 | 7.25 | 33,17 | 45.5
271 4.00 |
CH,CH,CHj H 79 | 250 3.95| C;HNOsS, | 7.07 | 30.39 |6.76 | 30.92 | 72.4
270 3.96 ‘
CHj !
cud H | 63 | 9255 |397] GHNOGS, (715 31.2716.76 | 3092 | 67.0
N\CH, 275 | 399
CH, .
CH,CH{ H 72 | 250 389 | CyHsNOsS, 1650 | 2947 |6.33 | 28.98 | 65.0
\CH; 270 392
CH, CHy, | 145 | 250 | 390| CJ1,NO,S, |7.65| 33.06|7.25] 3317|715
275 3.94
CoHs CoHs | 93 | 250 | 3.98| CgHisNOsS, [6.52 | 31.836.33] 31.70 | 51.2
280 | 4.04
CHCOOH H | 154 | 250 | 393 CsHoNO,S, [6.32] 2855627 | 28.72 | 67.8
270 3.93|
0
(II:
Table | H N—R
3-Alkyl-2-2-thiothiazan-1-ones (IV) Bl =S
' ; | Found, % Calculated, % vield
R ° ' Ly lo & i o R L [ ! 1eld,
Mp, " C l o LF{ bormulai N [ S { N l S %
I . 'N_“—"_‘{ o 771
CoHs 66 270 | 4.10 ICeHyNOS, | 8.34 36.28; 7.99 36.57, 81.5
315 | 403 ! '
CH,CH,CH, liquid 270 | 4.06 (C:H,NOS,' 7.43 |34.04 | 740 |3387 | 65.7
| 315 ' 398 i 1
_CH, |
CH,CH liquid 270 1 391 CgHisNOS,| 6.89 13192 | 6.89 |31.53 | 61.2
CH, 315 | 386 1 |
CH,COOII 70 | 274 ' 3.69 |cﬁn7N0352"‘ 7.11 [ 6.82 362
| (decomp) | 330 3.63 | C 3586 C |35.11
| f f | H |3.ﬁoi H | 3
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Table 5
Physicochemical Properties of S-Thiocarbaminylthio-

N
hydracrylonitriles #§ M., and 3-Alkyl-2-Thiothia-
“2c\sf ’\\s

[+]
[

C.
zan-4-ones e’ -k

HyC €=
Com- , o Atomic refrac-
po?xr:d R R ’ a3¢ ’ a}0 1 MR ltion (;fSZ atoms
o
]
[ CoHs CoHs 1.1i85 1.5726 | 59.66 19.41
v CH,CH,CH;, —_ 1.2086 1.6059 |54.00 20.25
v CH,
v CH?CH\ - 1.1736 1.5741 [57.16 18.80
CHs | !

filtered off, washed with water, and recrystallized from water (in the
case of the N-methyl derivative, from benzene-petrol ether 1:1).

3-Alkyl-2-thiothiazan-4-ones (IV), 0.1-5.0 g N-alkyl-S-thiocarba-
minylthiohydracrylic acid was refluxed for 1 hr with 0,5~12,5 ml Ac,O.
Only the ethyl derivative gave crystals of reaction product (after cool-
ing). In every other case the products had to be evaporated almost to
dryness. The propyl and isopropyl compounds were extracted with ether,
the extract dried over anhydrous Na,SO,, the ether taken off, and the
residue vacuum distilled,

The UV absorption spectra were determined with an SF-4 spectropho-
tometer. 1-3 mg% solutions of the compounds investigated were made
up in twice-distilled EtOH.
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