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Abstract —1-Methyl and 1-benzyl 3,5-bisthaloalkyl) isocyanurates were reacted with thiourea to obtain
1-methyl and 1-benzyl 3,5-bisf[amino(imino)methylmercapto]alkyl] isocyanurates, respectively. Hydrolysis
of the latter gave the corresponding 3,5-bis(ercaproalkyl) izocyanurates.

Mercaptoalkyl isocyanurates have scarcely beewith thiourea to give the corresponding isothiuronium
studied. The synthesis of 2-mercaptoethyl isocyanwsalts whose hydrolysis yields 1,3-dimethyl and 1,3-di-
rate by acid hydrolysis of 2,3,6,7-tetrahydrbHhia-  allyl 5-(e-mercaptoalkyl) isocyanurates [3].
zolo[3,24]-s-triazin-2-one-4-thione has been des-
cribed [1]. Patented has been the method for preparing In the present work we report the synthesis of
tris(3-mercaptopropyl) isocyanurate by hydrolysis ofl-methyl and 1-benzyl 3,5-bis{mercaptoalkyl) iso-
the adduct of thioacetic acid with 1,3,5-triallyl iso- cyanurates which present interest as starting materials
cyanurate [2]. Earlier we showed that 1,3-dimethyffor synthesis of various compounds, including macro-
and 1,3-diallyl 5-¢-bromoalkyl) isocyanurates react heterocycles.
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R=CHy (I, lll, V), CgHsCH, (II, IV, VI ), n=1 @), 2 (b), 3 (©), 4 d), 5 (), 6 (f); X = CI (Ia, lla, llla, IVa ), Br (Ib-le,
llb—lle, b —llle, Vb —IVe).

Isothiuronium saltdlla -llIf, IVa -IVf are formed (methanol or 2-propanol). They are white crystalline
in high yields (Table 1) on boiling of equimolar substances, hygroscopic, readily soluble in water and
amounts of 1-methyl or 1-benzyl 3,5-hishaloalkyl) methanol. The IR spectra of isothiuronium sdlta —
isocyanuratea-If, lla—IIf and thiourea in an alcohol 1lIf, IVa -IVf show a characteristic band of the iso-
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Table 1. Yields, melting points, and elemental analyses of isothiuronium d&igs-lIIf, IVa -VIf

. Found, % Calculated, %

Comp.| Yield, o

no. % mp, °C Formula

C H |Br(Cl)) N S C H |Br(Cl)) N S

lla 93 160-163 | 24.33| 3.38 |17.89|24.79|16.18| CgHsCI,N,O5S,  |24.49| 3.85|18.07|25.00|16.35
b 85 125-128 | 23.63| 3.80|31.34|18.91|12.33| C;H1oBroN;0O3S, |23.58| 3.76 |31.38|19.25|12.59
llc 94 94-95 |26.74| 4.26|29.80|17.87|11.82| C;,H,3Br,N,05S, |26.93| 3.95|29.86|18.32|11.98
ld 74 76-78 |30.10| 5.02 |28.56|16.92|11.60|C; 4H,,Br,N,O3S, |29.74| 4.81|28.27|17.34|11.34
e 81 70-72 |32.17| 5.15|26.40|16.32|10.61| C;gH3,BroN;0O5S, |32.28| 5.25|26.93|16.52|10.91
[ 100 - 34.82| 5.34 (25.38(15.76(10.26( C;gH5:Br,N;O5S, [34.91| 5.68 [25.18(15.78|10.32
IVa 97 172 |36.20| 3.92|15.10|20.25|13.24| C;4H;CI,N,O5S, [35.90| 4.09 |15.14|20.93|13.69
IVb 48 164 |32.70| 3.89|27.00|16.15|10.44| C;¢H,3Br,N;05S, |32.83| 3.96 |27.30{16.75|10.96
Ve 68 104-106 | 35.02| 4.40|25.84|15.87|10.46|C,gH,/BroN-03S, |35.24| 4.4426.06|15.98|10.45
Ivd 95 89-90 |37.21| 5.20|25.10|15.01|10.24| C,yH3,Br,N,0O3S, |37.45| 4.87 |24.92|15.29|10.00
Ve 96 75-78 |39.81| 5.27 |23.43|14.25| 9.34|C,,H35Br,N,O5S, |(39.48( 5.27 (23.88(14.65| 9.58
IVf 65 52-55 |41.00| 5.60|22.70|13.72| 9.44|C,,H3oBr,N;O3S, |41.32| 5.64 |22.91|14.06| 9.19

Table 2. IR and H NMR spectra of isothiuronium saltdla -llIf, 1Va —IVf

IR spectrum (mineral oify cnr? 'H NMR spectrum (DMSQdg), 3, ppm
Comp.
no: 'Socﬁ’iﬁg“rate C=0 | 3(NHp) | V(NH)® | CgHs | CeHs-CH,| CHg | NCH, | CH,S | -CH,-| NH,
llla 766 s | 1686 v.s| 1640 v.s| 3200 s | - - 320 s 540 s | - [102s
llib 755 s | 1680 v.s| 1640 v.s| 3200 s | - - |315s/4.00 t|350 t| - |895 s
llic 750 s | 1680 v.s| 1630 v.s| 3200 s | - ~ |3.17 m| 4.00 t[3.17 m|2.09 m[8.90 s
lid 750 s | 1680 v.s| 1620 v.s| 3200 s | - ~  |3.15 m[3.63 t|3.15 m1.67 m[8.60 s
llle 755 s | 1680 v.s| 1620 v.s| 3200 s | - ~  |3.16 m| 3.63 1|3.16 m|1.52 m[8.98 s
it 760 s | 1680 v.s| 1625 v.s| 3200 s | - ~ 317 m[3.73t |3.17 m|1.42 m[8.90 s
IVa 764 s | 1686v.s| 1640 v.s| 3230 s |7.27 5| 493s | - 543 s | - [943s
IVb 760 s | 1686v.s| 1640 v.s| 3200 s [7.27 5| 497 s | - |4.08 t342m - [9.06 s
Ve 750 s | 1670 v.s| 1626 v.s| 3200 s |7.27 s| 495 s | - [3.88 m/3.23 m[1.95 m(9.00 s
Ivd 755 s | 1680 v.s| 1630 v.s| 3200 s |7.21 s| 490 s | - [3.77 m3.15 t|1.68 m8.87 s
Ve 756 s | 1670 v.s| 1620 v.s| 3200 s |7.23 5| 493 s | - [3.80 m3.12 m|1.55 m8.94 s
IV 756 s | 1680 v.s| 1630 v.s| 3200 s |7.25 5| 4.94 s | - |3.75 m3.15 m|1.40 m[8.95 s

@ The IR spectrum of compoundlf was measured in thin filmP Broad band.

cyanurate ring near 760 ch[4], strong bands near  The thiols obtained are transparent oilc{Vf,
1680 (C=0)] and 16201630 cm* [6(NH2)] aswell VIb, VId-VIf) or white crystals b, VIc). They are
as a very strong and broad band in the range 280Creadlly soluble in benzene, carbon tetrachloride, and
3300 cm! due to NH stretching absorption [5]. The acetone. The IR spectra of thiol&h-Vle, Vib-Vle
'H NMR spectrum contains a broadNH,) singlet in  lack, compared with those of the starting isothiuro-

the range 8.210.3 ppm (Table 2). nium salts,v(NH) and3(NH,) bands and show a new
_ _ ' _ weak band at 2560 cm due tov(SH) (Table 4).
Hydrolysis of isothiuronium salt$lib -IlIf, IVb — EXPERIMENTAL

IVf in aqueous solutions with solutions of,80O; or
NaOH leads respectively to 1-methyl and 1-benzyl The IR spectra were obtained on a Specord IR-75

3,5-bis-mercaptoalkyl) isocyanuratégb-Ve, Vib- mstrument for thin films or suspensions in Vaseline
Vle (Table 3). Compound¥a, Vla were not isolated oil. The 'H NMR spectra were recorded on a Varian
under these conditions. T-60 spectrometer at 60 MHz, internal referefidads.
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Table 3. Yields, R, melting points, and elemental analyses of 1-methyl and 1-benzyl 3®-bis(captoalkyl) iso-
cyanuratesVb-Vf, Vib -VIf

comp. | Yield, R (diethyl Found, % Calculated, %
no % |etherhexane, 1:1) Formula
' T C H N S C H N S

Vb2 65 0.40 36.12 | 4.47 | 15.90| 24.14 |CgH 3N3O5S, | 36.49| 4.98 | 15.96 | 24.35
Vc 38 0.29 41.07| 5.98 | 14.07 | 21.83 |C;gH17N3O5S, | 41.22| 5.88 | 14.42| 22.01
vd 56 0.32 4496 | 6.40 | 12.75| 20.41 |C;,H,1N3OSS, | 45.12| 6.63 | 13.15| 20.08
Ve 61 0.45 47.98 | 7.74 | 12.24 | 18.46 |Cy4H,5N5305S, | 48.39| 7.25 | 12.09| 18.39
Vf 29 0.45 51.47| 7.85 | 10.91| 17.39 |C;gHogN3O5S, | 51.17 | 7.78 | 11.19| 17.08
Vib 25 0.45 49.40| 5.04 | 12.88| 18.94 |C;4H;7N30O5S, | 49.54| 5.05 | 12.38| 18.89
vicP 50 0.40 52.21| 6.05 | 11.40| 17.62 |C;gH51N3O5S, | 52.30| 5.76 | 11.44| 17.45
Vid 54 0.50 54.16| 6.74 | 10.68 | 16.28 |C;gH,5N305S, | 54.66 | 6.37 | 10.69| 16.21
Vie 21 0.54 65.25( 6.82 9.70 | 15.02 [CygH,gN3O3S, | 56.71 | 6.90 9.70 | 15.14
VIf 36 0.60 58.18( 7.12 9.48 | 14.25 |Cy,H33N505S, | 58.50 | 7.36 9.48 | 14.20

a mp 123C. P mp 65-66°C.

Table 4. IR and 'H NMR spectra of 1-methyl and 1-benzyl 3,5-histercaptoalkyl) isocyanuratega—Vf, Vib —VIf

Comp.| IR spectrum (thin layef) v, cnr? 'H NMR spectrum (CG)), 3, ppm
no.
'Socﬁ;‘g“rate c=0 SH | CgHs | CeHsCH,| CHs | NCH, | CH,S | -CH,~ | SH

Vb 760 m 1670 s | 2550 m - - 330 s| 400 t]| 273 m - 1.30 t
Vc 760 m, 1450 s| 1670 s | 2560 m - - 327 s| 392 t]245 m|[ 192 m| 1.39 t
vd 760 m, 1440 s| 1670 s | 2560 w - - 327 s| 380 t] 250 m[1.68 m| 1.17 t
Ve 760 m, 1460 s| 1670 s | 2560 w - - 328 s| 379 t] 255 m| 157 m| 1.14 t
Vf 760 m, 1450 s| 1660 s | 2560 w - - 327 s| 380 t]| 255 m| 155 m| 1.17 t
VIb |760 m, 1450 s| 1680 s | 2555 w| 7.15 s 490 s - 3931|270 m - 1.23 t
Vic 760 m 1680 s | 2560 w | 7.23 s 495 s - 3951|251 qf[192 m| 142 t
Vid |760 m, 1450 s| 1670 s | 2555 w| 7.10 s 487 s - 3.74 t| 247 q|1.65 m| 1.19 t
Vile |760m, 1450 s| 1670 s | 2560 w | 7.12 s 4.86 s - 3.77 t] 240 q| 152 m| 1.12 t
VIf 760 m, 1430 s| 1670 s | 2560 w | 7.20 s 494 s - 380 t| 245 | 148 m| 1.15 t

2 The IR spectra of compoundgb and Vic were mesured in mineral oil.

1-methyl and 1-benzyl 3,5-bisp-[amino(imino)-  methyl-3,5-bis(2-bromoethyl)-1,3,5-triazine-2,4,6-
methylthio]alkyl)-1,3,5-triazine-2,4,6(1H,3H,5H)-  (1H,3H,5H)-trione (a) and thiourea were refluxed in
triones llld —llIf, 1IVb -IVf. Equimolar amounts of anhydrous dioxane for 5 h. The dioxane was removed
1-methyl- or 1-benzyl-3,5-bistbromoalkyl)-1,3,5- in a vacuum, the residue was treated with methanol,
triazine-2,4,6(H,3H,5H)-trione (d-If, llb-lIf) and and the thiourea precipitate was filtered off. The fil-
thiourea were refluxed in anhydrous methanol for 2 htrate was evaporated in a vacuum, sHlb was
After cooling, the thiourea precipitate was filtered off, washed with acetone, and dried in a water-jet-pump
the filtrate was evaporated in a vacuum, and the revacuum on a water bath.
sidue (isothiuronium saltslld -IlIf, IVb —IVf) was
washed with acetone and dried in a water-jet-pump 1-Methyl and 1-benzyl-3,5-bisfamino(imino)-
vacuum on a water bath. methylmercapromethyl]-1,3,5-triazine-2,4,6-

(1H,3H,5H)-trione hydrochlorides (llla, IVa). Equi-

1-Methyl-3,5-bis[2-[amino(imino)methylmer- molar amounts of 1-methyl- or 1-benzyl-3,5-bis-
capro]ethyl]-1,3,5-triazine-2,4,6(H,3H,5H)-trione  (chloromethyl)-1,3,5-triazin-2,4,6H,3H,5H)-trione
hydrobromide (lllb). Equimolar amounts of 1- (la, lla) and thiourea were refluxed in anhydrous iso-
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propanol for 1 h. After cooling, compoundia, IVa acetate, 100:1\c), benzenedioxane, 50:1 VYId),
precipitated. The residue was filtered off, washed wittor etherhexane, 1:1YIb, VIf ). Thiols Vb, Vic were
diethyl ether, and dried in water-jet-pump vacuum orrecrystallized from diethyl ethehexane.

a water bath.
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