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‘Reaction of aqueous solutions of salts of acrylic acids with thicepi-
chlorohydrin affords thietyl acrylates, which on hydrolysis give 3-hy-

droxythietane, and on oxidation with hydrogen peroxide give 3-hydroxy -
thietane 1,1-dioxide. The diene synthesis was carried out with these
acrylates, and also with acryloyl and methacryloyl isothiocyanates.

Acrylic esters participate readily in the diene syn-
thesis [1]. We have investigated the reaction of some
sulfur-containing derivatives of acrylic acid (3-thietyl
acrylates, which were previously unknown, and also
acryloyl and methacryloyl isothiocyanates) with dienes.

We synthesized 3-thietyl acrylates by reacting
aqueous solutions of acrylate salts with thioepichloro-
hydrin. This reaction mighf be expected to give either
thioglycidyl acrylates or, by analogy with acetate salts
[2], thietyl acrylates:

CH,=CRCOOK + GICH,CH—CH,§ —
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Thioglycidyl methacrylate had been obtained previ-
ously by reaction of thiourea with glycidyl methacrylate
[31. The structure of the acrylates which we have pre-
pared has been confirmed by alkaline hydrolysis to 3-
hydroxythietane., In addition, oxidation of the acrylates,
and also of 3-hydroxythietane, with hydrogen peroxide
gave 3-hydroxythietane 1,1-dioxide, thus confirming
the presence of the thietane ring.
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The diene synthesis was carried out with the syn-
thesized dienophiles usingbutadiene, isoprene, chloro-
prene and cyclopentadiene as the dienes. In all cases,
the corresponding adducts were obtained (either esters
or acyl isothiocyanates):
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Acryloyl and methacryloyl isothiocyanates reacted
with activated C=C bonds, but simultaneous formation

of adducts of the isothiocyanate group, such as has
recently been found for benzoyl isothiocyanate [4] was
not observed.

The structure of the isothiocyanates obtained was
confirmed by conversion to the corresponding thioureas:
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VaR=R'=H, Ar=CgH;; b R=H, R'=CH,, Ar=0-CH,CH,;
¢ R=CH;, R'=H, Ar=C.Hy; d R=R'=CH, Ar=0-CHC;H,;
¢ R=Cl, R'=H, Ar=CH; f R=Cl, R'=CHy, Ar=0-CHCqll,:

Via R'=H, Ar=CgHy; b R'=CH,, Ar=0-CH,C;H, " ~

The IR spectra of the thioureas exhibit absorption
bands due to the C=0 group (1691-1708 cm™!), C==C
(1625-1650 cm™!), and N—C (1530—1550 cm™), con-
firming the correctness of the proposed diene reaction
scheme,

EXPERIMENTAL

3-Thietyl acrylates. Acrylic or methacrylic acid in water was neu-
tralized with potassium carbonate, and to the solution of the salt thus
obtained was added the calculated amount of thioepichlorohydrin. The
mixture was heated with stirring for 8 hr at 60° C in the presence of
copper powder, hydroquinone, and Neozone D as inhibitors. When the
reaction was complete, the lower layer was separated. The aqueous
layer was extracted with ether, the ethereal extract combined with the
lower layer and dried over calcined MgSQO;. The ether was distilled off,
and the residue distilled in vacuo. The following acrylates were pre-
pared:

3-Thietyl acrylate, bp59.5° C (2 mm); d5° 1.1649, nf 1.6115; yield
74%. Found, % C 49.37, 49.60; H 5.37; 5.60; § 22.75, 22.33. M 148.0,
148.3; MRp 37.06. Calculated for CgHg0,S,%: C 50.00; H 5.55; S 22.22.
M 144, MRp 37.09.

3-Thietyl methacrylate, bp 70=-78" (2 mm); d§’ 1.1274, o} 1.5050,
yield 78.5%. Found, %: C 52.50, 53.00; H 6,22, 6.36; S 20.36, 20.43.
M 160.0, 161.5; MRp 41.54. Calculated for C;H;q0,8, %: C 53.16;
$ 20.25. M 158, MRp 41.78.

3-Thietyl methacrylate was hydrolyzed by gradual addition tometh~
anolic KOH, and heating the mixture on the water bath. Themethanol
was distilled off, the residue extracted with ether, and the ethereal ex-
tract dried over calcined MgSO,. The ether was distilled off and the
residue distilied in vacuo, giving the product, bp 75-76° C (6 mm),
nf§ 1.5412 (literature [5]1values, bp 51~52°C (0.9 mm), o5 1.5408).

The 3-hydroxythietane obtained was oxidized with hydrogen perox-
ide. This was effected by dropwise addition to a 30% solution ofhydro-
gen peroxide wammed to 40° C. The excess peroxide was decamposed
catalytically (Pt), and the solution evaporated until crystals separated.
The crystals were twice recrystallized from alcohol, when they melted
at 99~100° C (lit. [5], mp 101~102"C). A mixed mp with pure 3-hy-
droxythietane 1,1-dioxide gave no depression.

3-Thietyl acrylate was hydrolyzed similarly. In this case, in addi~
tion to 3-hydroxythietane 1,1-dioxide, acrylic acid polymer was also
obtained.
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Table 2

Constants and Analyses of the Isothiocyanates

MRD‘___ | Found __ Calculated
Com-| Bp, "C (pres- P dao calcu- Molecular | [
pound| sure, mm) found ) formula [ N %M N, 9 M
ated :
i H .
I1a | 96—98 (3) 1.5605= 1.1413; 48.15| 47.59 CgHgNOS { 821 165 | 838 | 167
827 | 167
IIb | 93—96 (6) | 1.5480] 1.1074| 51.90| 52.24| CoH;:NOS ' 7.75 | 1805 7.73 | 181
i H 770 | 178
|
e | 9597 (2) | 1.5520 1‘1073‘ 32231 52.24| CoHiNOS 760 | 180 | 7.73 181
7.65 | 178
Ila| 8485 (2) | 1.5412|1.0788| 56.88| 56.89 | CicHiaNOS 708 196 | 7.18 | 195
7.11 194
He | 119-—121 (1)’ 1.5770| 1.2801| 52.00 52.42!CsHsClNOfS 700 1 198 | 695 | 2015
698 | 199
e | 111—112 (1)( 1.5640; 1.2327| 56.80 57.071 CoHioCINOS| 6.21 | 212 649 : 2155
6.39 | 214
IVa | 88—91 (2) 1 1.5680,1.1739 49A90| 50.18 | CoHoNOS | 7.65 lgg 7.82 | 179
778 | 1
IVo 81 (1) ;1.5570 1.1424| 54.40| 54.83 | C;oHi NOS ' 7.1 192 725 | 193
7.17 | 191

Table 3
Melting Points and Analyses of the Thioureas

Com-| MP- K Molecular Found Calculated
d (from £ L
POuRdl aicoholy ormula Gw s, w| M jcow|nalse| M

Va 138 C1sHgN20S 64.51 | 6.14 | 12.29| 259 | 64.60| 6.15 | 12.31 | 260
64.21| 6.00 | 12.02{ 260

Vb 66 CisHgoN,08 66.57 | 6.81 | 10.87| 292 | 66.70 | 694 | 11.12 | 288
66.32| 7.08 | 10.89 | 290

Ve 132 Ci5H;gN,08 66.00| 6.78 | 11.92| 274 | 65.70 | 6.56 | 11.68 | 274
65.97] 6.80 | 11.69 5 273

Vd 67 Ci7HxN,08 67.58 | 723 | 10.64| 304 | 67.50| 7.29 | 10.60] 302
67.50| 7.15 | 10.12{ 301

Ve 137 C1HsCIN.OS | 56.71| 5.16 | 10.82| 293.5/ 57.05| 5.00 | 10.87 | 294.5
56.67; 525 | 1095, 292

vt 106 CisHCINOS | 59.32| 592 | 9.88! 316.4] 59.60 | 589 | 993 322.5
59.34 | 592 | 10.00| 318

Vla 126 CisHisN,08 66.17 578 | 1148 | 269 | 66.20 | 5.88 | 11.78| 172
6592 5.88 | 11.60} 271

Vip 128 Ci17HoN,08 68.06 6.47 | 1061 | 304 | 68.00 | 6.66 | 10.67 | 300
68.22| 6.61 | 10.20 | 301
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Diene synthesis with 3-thietyl acrylates, Equimolecular proportions
of the reactants in benzene (60%) were heated at 150° C in sealed am-
puls for 5~10 hr. Benzene and unreacted diene were distilled off on the
water bath, and the residue distilled in vacuo. The reaction of 3-thie~
tyl acrylate with cyclopentadiene was effected under milder conditions.
Even at room temperature, on keeping the ampul for § days, the yield
of adduect amounted to 68.5% based on reacted material. This reaction
also proceeded without pressure, by heating the reactants in benzene
solution in a flask under reflux on the water bath for 9-10 hr. The yield
in this case amounted to 88%.

The constants and analyses of the adducts are given in Table 1.

The diene synthesis with acryloyl and methacryloyl isothiocyanates,
The dienes (butadiene, isoprene, chloroprene) and the dienophiles(ac-
ryloyl and methacryloyl isothiocyanates, obtained from the correspond-
ing acid chlorides and a suspension of potassium or lead thiocyanate in
benzene, dioxane, or acetone, by previously described methods[6,7])
were heated in 1:1 molar proportions in benzene solution (50%), in
presence of a catalytic amount of hydroquinone in ampuls at 90=95°C
for 2-10 hr. In the case of cyclopentadiene, the reaction was carried
out at room temperature for 12 hr. Fractionation gave 60~709% of the
corresponding isothiocyanates (Table 2.

Preparation of thioureas. To a solution of 0.02 mole of the isothio-
cyanate in 50 ml of ether was added dropwise with stirring during 15
min a solution of 0.02 mole of the arylamine in 50 ml of ether at
20~25" C, After 15 min, colorless crystals of the thiourea had sepa-
rated from the etherealsolution. Yield 95~98%. Melting points and anal-
yses are given in Table 3.
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