Derivatives of 1,1-Dimethyl-3-Oxobutylthiocyanate.
I. 1,4-Dihydro-1-(2-Mercaptobenzothiazol-6-Yl)-
2-Thioxo-4,4,6-Trimethylpyrimidine.
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The reaction of 1,1-dimethyl-3-oxobutylthiocyanate with 6-amino-2-mercaptobenzo-
thiazole under acidic conditions gave 1,4-dihydro-1-(2-mercaptobenzothiazol-6-yl)-

2-thioxo-4,4,6-trimethylpyrimidine, 1.

Oxidation of | gave 2,2’-dithiobis-[6-(1,4-

dihydro-2-thioxo-4,4,6-trimethylpyrimidin-1-yl)-benzothiazole]. Forty-nine deriva
tives of | were prepared. The infrared spectrum of | was obtained.

ALTHOUGH 2-MERCAPTOBENZOTHIAZOLE was
prepared by Hofman (6) in 1887 it was not until 1921 that
both Bedford (1) and Bruni (2) discovered that it possessed
accelerating activity for the vulcanization of rubber with
sulfur. This great discovery has stimulated many workers
to prepare and extensively evaluate its derivatives. Most
of the commercial accelerators, in particular N-cyclohexyl-
2-benzothiazolesulfenamide (commercially available as
SANTOCURE) (5), N-tert-butyl-2-benzothiaxolesulfena-
mide (commercially available as SANTOCURE NS) (3),
and 2-(2,6-dimethylmorpholinothio)benzothiazole (com-
mercially available as SANTOCURE 26) (4) are still de-
rived from 2-mercaptobenzothiazole. The 2-mercaptobenzo-
thiazole and its derivatives containing substituents, other
than the ethoxy, hydroxyl and amino radicals, in the 6-
Position have been prepared only in a limited number of
examples. Since 2-thioxo-4,4,6-trimethyl-1,2,3,4-tetrahy-
dropyrimidine (7, 8) and its derivatives possess moderate
accelerating activity, a compound containing both benzo-
thiazolylthio and 2-thioxo-4,4,6-trimethyl-1,2,3,4-tetra-
hydropyrimidinyl radicals would exhibit a synergistic effect
and produce a chemical with greater activity than 2-mer-
captobenzothiazole and its derivatives. The new hetero-
cyclic compound was prepared by the reaction of 6-aminc-
-mercaptobenzothiazole with 1,1-dimethyl-3-oxobutylthio-
cyanate under acidic conditions producing 1,4-dihydro-1-
(2-mercaptobenzothiazol-6-yl)-2-thioxo-4, 4, 6-trimethyl-
pyrimidine, I. The product, a tan colored solid, m.p.
207-209° C. after recrystallization from ethyl alcohol, was
obtained in 97.5% yield. The reaction may be represented
as:
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The infrared spectra of I were obtained as Nujol and
halocarbon mulls using a Perkin-Elmer Model 21 Infrared
Spectrophotometer. The infrared spectra were consistent
with the proposed structure. The C = C stretching vibration
assigned to 2-thioxo-4,4,6-trimethyl-1,2,3 4-tetrahydropy-
rimidine (9) was observed at 1700 c¢m. ', Other band
assignments in (cm. ") were as follows:

3247(M) Hydrogen-bonded N—H stretching
3030(M) C—H aromatic and alkene stretching
2985(M)2924(W) Aliphatic C—H stretching

1600(M) C =C skeletal in—plant-vibrations

1531(S) Thioureide (—N(H)—C=S)

1486(S)broad C—H deformation and C=C skeletal in-plane
vibrations

1399(M) —CH; sym. deformation

1344(S) Unassigned

1339(S) C—N stretching as in 2-mercaptobenzothiazole

The strong 4-adjacent hydrogen out-of-plane band of
2-mercaptobenzothiazole normally found at 756 cm.™' was
absent and a 817 cm. ™' (M) band was observed in the region
of 2-adjacent hydrogen which is in agreement with the
proposed structure.

The postulated synergistic effect was not observed since
the accelerator activity of I and its derivatives was either
equal or slightly inferior to 2-mercaptobenzothiazole and its
corresponding derivatives. The detailed evaluation data of
I and its derivatives will be reported in forthcoming publi-
cations.

The oxidation of I with either ammonium persulfate
or sodium hypoiodite furnished 2,2’-dithiobis-[6-(1,4-di-
hydro-2-thioxo-4, 4, 6-trimethylpyrimidin-1-yl)benzothiaz-
ole] in yields of 99.5 and 90%, respectively. The product,
a tan colored solid, melted at 266-268°C. with decompo-
sition after recrystallization from dimethylformamide.

The condensation of I and formaldehyde with hexa-
methylenimine or aniline gave 1,4-dihydro-1-(3-hexa-
methyleniminomethylthiobenzothiazol-6-yl)-2-thioxo-4, 4,-
6-trimethylpyrimidine, II, and 1-[3-(anilinomethylthio)
benzothiazol-6-yl]-1, 4-dihydro-2-thioxo-4, 4, 6-trimethyl-
pyrimidine, III, in yields of 60 and 80% respectively.
Products IT and IIT melted at 208-210°C. with decompo-
sition and 181-183°C. after recrystallization from ethyl
alcohol, respectively.

JOURNAL OF CHEMICAL AND ENGINEERING DATA



s
—csx
NZ

ALKALI

ALKALI R

THIOCARBAMOYL OR
CARBAMOYL CHLORIDE

CHLOROFORMATE OR
CHLORQTHIOFORMATE

XX X= -CN(CHi) XXVI X = —CN{C,H
" 3’2 AP XXXl Y= =COCHg
5 e 5
o
XXI X -CNCgHg XXVII  X= ~ CN{CH,) XXIV Y= —COCH
&N ‘. 32 noo3
S CoMsg 5 °
XXl X= —CN XXVIl X« = CN o XXXV Y=-COCH{CHy)
v v 1 3'2
0 s o
XX X= = CN XXIX  X==cN[CH(CHg)] , XRXVI Y= =COCeH,;
s 3 ¢}
XXV X= =CN XXX X==CN{CgqHglp XXXVil Y==COCHpCH=CHp
s s 3
"
XXV Xs -CN 0 XXX Xx—CN(CoHg), XXXVIIl Y==CSCHy
s CHy ° o
XXXI1 Xs=CN(C3Hp)2 XXXIX  Y=-CSCaHs
s 0
AMINE R
NaOCL
R s CLCH,COONG ~CHe
~ 2 ~
CSCHLCO0H XL Z= -N (CHyp)
NP 2 H? N o @4
CHp
XLt Z=-N c
CHg
XLII  Z=—N o
R s s R
~N -
cssc Ny
N7 Sy CH3
ALKALI R
R
v R"'= ~CHpCCL=CClp
(0) v R™s =CH, CCL=CHCL
VI R"'==CHaCH*CHp
VIl R"=~CHaC=CH
VIl R"==CHaCH=CCLp
ALKALI ANO Zn €l
AZ’;NC ;\ND . 2 X  R"s=CHZCCl=CHy
INE SALT
OR HEXAMETHYLENIMINE X R a~CHaCH=CCLCHg
Xt R™s=CH(COCH3),
X Re. COOCHs
~CHCOCH 4
XIll R"s=CH{COOCHg)2
XV RUe-CaHg
R S R s CLCHpCH= CHCHCL
Sces HCHO ScsH 2 He
NP CHp NT ALKALL
Lo (CHp) “NH
CHoR 2¢ .
CHz
OR CgHgNHz 1
LeHa ALKAL!
I R's-N /(CH2)4 CLCHCHaN(R™ )
N
CHp
T .
R'= NHCgHg
ALKAL!
{ CYANURIC CHLORIDE ALKALI"
R N-PHENOTHIAZINYL
@ DICHLOROTRIAZINE
N_ 8 R"
N/ )
\C C<
$ N N
é i il
RN R S S R
N7 ~cs-c c-sc
R N | I R NZ. A\'id =N
_cs-cy C-sc
N7 4 =~
R's s

VOL. 8, No. 3, JULY 1963

R

csy

Diagram of Compounds

~
2esz2
3
TCsR™
NZ
XV R''=—CH3 cHy
XV R''s =CHaCH=CHCHpCCH,C(CHS)
arvte 3’3
CH3
XVl R"'-—<:>
]
0
a
XVl R"'--CCH«zO@Cl
° 4
XX RHI'—Q
s\ S R
N,cscnzcmcmstc\\N
s
~ e
c
> SCHpCHaN(R™)
R'“= CHz AND CpHg
H
N
Re (CHz)p C C=3
e N
i
CHy
447



"U01a0R Woly UONRZI[[BISA109Y] | 91e1a0e [0
WOIj UOTIBZI[[ISAI09}], ‘OUAZUI( WIOI} UOTJEZI[[eISAIddY , "ULIO)
010> PUR JUAZUA( UIOI] UOHJBZI[[BISAINRY , "ULIOJOIO[YD UIOIJ UOTIEZ
-1[[184109}], "ULIOJOIOYD PUE 2)€1008 [AU)d WOLf UOTIRZI[[eISALIaY ,

9r'01  9¥°01
0561 6102 99°L  86'L
T e £0°01 9001
€U61  GL6T €8 298

YI'SG  L98%  OTGL €93l

e eI 0%l

6602 900z 168 9LB

VW'1G 0V1E 996 96

T e zoor

698 V9’8 €80T G501
" e 20l 1901
vL6  9L6

e R 8 § SR ¢

5096 1995 20Tl 29I

6L'91  LVOL 19 9EGE 896 9L'6
667C 887C 190Z 6906 V88 V06
punog po[e) punoj ‘po[E) Ppunog PIED

%10 %S % ‘N

JuaxayodAdowoig-g
apuo[y2 [A190€

-AxouoqdoIo|youw ] -G'¥°g

3aUOUBXaYO[IAI0I0[Y)-7

SPLIOYO [AUdj00
-Z-IAq1PWeII8 ], L LGS

[Ausxayopa)-¢  XIX

[£1008£x0UaydoIoILLL-G'Y'G TIIAX
[A%aUopA0Y05  TIAX
nmwv

“("HD) ONIO\ﬂNEOEOHIONmO\ IAX

aprpot [AYIOIN 'HO—  AX
aprwoxq [Ay1g HO—  AIX
9)eUO[eWOIOTYI[AYIS ‘(CH*O000)HO— HIX
‘H? OOOn_u
9181208019980IOTYD-0 [KYIHY *HOOOH)— IIX
auotpauejuad-F*z-010[4)-¢ HFHOODYHO— IX
auNQ-Z-0IO[YIN(I-E T CHOIDO=HI*HO— X
auadoid-1-0I0YIN(-€'C ‘HO=IDD*HD— XI
auadoid-T-0IO[YOU L€ T'T IOQ=HI*HD— 1IIA
oufdoad--oworg -g H)=0'HO— 1A
apuo) 141V ‘HO=HD)'HO— IA
ausdoidoroyo

-U)-g'gT-SunL) pue -s10 IDHO=T100HD— A
auadoid-T-010TqoeIR € T'T D =TDD'HO— Al

punodwo)) usgofeHq L ON

'S'IN®H*)  6IZ-LIg  S'68 i 94-09
ISPOENFIDMH®D  08I-BLT 986 9 96-06
'SOENFH®D  .G61-¥61  L'€8 14 96-0¢
'SEN¥H*D  0L1-89T G698 B 96-0G
'S'INMHTD 816916 V'E8 g 96-09
|SENCHYD #0606 OFL S 96-09
'STOPNTH"®D  0L1-89T  9°¢8 8 9604
'SFO'NFH®D  LLT-BLT €718 S 96-0§
SSFOPNTH®D  ,961-761 G688 S 99-0S
ESENID®HYD 191661 G766 4 09-0¢
SSENIQFHYD 806806 G766 ¥ 09-09
SSENCIOYHYD  L881-L8T VI8 4 09-0¢
'SENCHHD 906-V08 STL6 9 06-6¢
'SENTHYD  .806-208 G566 € 09-0¢
SSENCLOMHMD 981-G81  4'€C 4 09-09
ESENEIDTHYD 40¢-00c SIS i 09-0¢
snuiog Do % ! Do
reoundury “dIN apniy ‘eunr], “dwlf,
PRIA. ™ suonrpuon
uoroedy
€Ho

sulpiwuAdjAyiawin | -9 p 'p-0X01y | -Z-01pAYIg-p* | (JA-9-|0ZDIY40ZUDGOIY | -pANINSANG-Z)-| *| 3|qLL

JOURNAL OF CHEMICAL AND ENGINEERING DATA

448



The reaction of the potassium salt of I with cyanuric
chloride or N-phenothiazinyl'dichlorotriazine in an acetone
medium gave 2,4, 6-tris-[6-(1,4-dihydro-2-thioxo-4, 4, 6-
trimethylpyrimidin-1-yl) benzothiazol-2-ylthio]-S-triazine
and 10-[2, 6-bis{6-(1,4-dihydro-2-thioxo-4, 4, 6-trimethyl-
pyrimidin-1-yl) benzothiazol-2-ylthio]-S-triazin-4-yl]phen-
othiazine in yields of 98 and 94.5%, respectively. The
melting points of both products was greater than 300°C.

The reaction of an aqueous solution of the sodium salt
of I with zinc chloride furnished the zinc salt of T in 99%
yield. The hexamethylenimine salt of I, m.p. 185-187°C.
was prepared in 79.2% yield by stirring an ether slurry of 1
with hexamethylenimine.

The 1-(2-substituted-thiobenzothiazol-6-yl)-1, 4-dihydro-
2-thioxo-4, 4, 6-trimethylpyrimidines (IV-XIX) were pre-
pared by the reaction of the sodium or potassium salt of I
in either an aqueous or acetone medium with the appro-
priate halogen compounds which are listed in Table I. The
use of 1,4-dichloro-2-butene in this reaction furnished 2,2’-
(2-butenylenedithio) bis [6-(1, 4-dihydro-2-thioxo-4, 4, 6-
trimethylpyrimidin-1-yl)benzothiazole], m.p. 158-160°C.,
in 98% yield.

The sodium salt of I in an aqueous solution reacted with
B-diethyl or dimethylaminoethyl chloride hydrochloride to
form 1, 4-dihydro-1-[2-(diethylaminoethylthio) benzothi-
azol-6-yl]-2-thioxo-4, 4, 6-trimethylpyrimidine and the
corresponding dimethyl derivative. The former compound,
m.p. 160-162° C. after recrystallization from ethyl alcohol
and the lattercompound, m.p. 185-187° C. after recrystalli-

zation from ethyl alcohol, were obtained in yields of 97.5
and 94.5%, respectively.

The 6-(1, 4-dihydro-2-thioxo-4, 4, 6-trimethylpyrimidin-
1-yl)benzothiazol-2-yl ester of N,N-dialkylthiol (or dithio}
carbamic acids (XX-XXXII) were prepared by the reaction
of the potassium salt of [ with the appropriate N,N-disub-
stituted thiocarbamoyl or carbamoyl chloride which are
listed in Table I1.

The substitution of alkyl chloroformate or alkyl chloro-
thioformate for the N,N-disubstituted thiocarbamoyl or
carbamoy! chlorides in the above reaction furnished the
S-[6-(1, 4-dihydro-2-thioxo-4, 4, 6-trimethylpyrimidin-1-yl)
benzothiazol-2-yl] O (or §’)-alkyl thiol (or dithiol)carbo-
nates (XXXIII-XXXIX) which are listed in Table III.

The oxidative condensation of I with hexamethylenimine,
morpholine or cis- and trans-2,6-dimethylmorpholine furn-
ished the thiazolesulfenamides in yields of 77 to 98%
(Table IV).

The reaction of the alkali salt of I with the sodium salt
of chloroacetic acid followed by neutralization of the
reaction mixture with concentrated hydrochloric acid gave
6-(1, 2, 3, 4-tetrahydro-2-thioxo-4, 4, 6-trimethylpyrimidin-
1-yl)benzothiazol-2-yl thioacetic acid, m.p. 196-198°C.
with decomposition, in 79% yield.
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Table Il. 6-(1,4-Dihydro-2-Thioxo-4,4,6-Trimethylpyrimidin-1-yl)
Benzothiazol-2-yl Ester of N,N-Dialkylthiol (or Dithio) Carbamic Acids

Disubstituted Carbamoyl Yield N. % S 7
or Crude, M.P, Empirical » » 70
No. X R Thiocarbamoyl Chloride % °C. Formula Caled. Found Caled. Found
XX 0 (CH;),N— (CH,).NCOCI 61.4 196-198° C;;HxN.,0S; 1427 1370 2451 2499
XXI S CeHsN— CeH;NCSCI 97.5  173-175" CuHyN.S, 11.56  11.82
2H5 2H5
XXII 0 Pyrrolidyl 1-Pyrrolidinecarbonyl 52.5  181-183° CuH,N.0S. 13.39 12.96
chloride
XXIII S Pyrrolidyl 1-Pyrrolidinethio- 11,6  218-220 C,HxN.S 12.89 12.16
carbony! chloride
XXIV S Piperidyl 1-Piperidinethio- 89.4 151-153°  CxHaN.S, 12.49 11.93 28.59 28.44
carbonyl chloride
XXV S 2,6-Dimethyl:  4-(2,6-Dimethylmor- 419 173-174 CuHxN,0S, 1170 11.89 2679 26.25
morpholinyl pholinethiocarbonyl)-
chloride
XXVI S (C.Hs):N— (C:H;).NCSCl 96.5  227° C1oH2 NS, 12.83  12.30
XXVII S (CHs).N- (CH;),NCSCl 61.3  213-215° CHxN.S, 13.71 13.98
XXVIII S Morpholinyl 4-Morpholinethio- 97.5  199-201° CpH»N.0S, 1243 12.25
carbonyl chloride
XXIX S  [(CHy).CHLN- [(CH.).CHJ]NCSCI 88.2  197-199° CaHzN.S, 12.06  12.27 27.60  27.36
XXX S (C4Hs):N- (C:Hs).NCSCI 99.5 180-182° CxHuN.S, o .. 26.03 25.82
XXXI 0 (C.H;):N- (C:H;):NCOCI 76.0 144-146 CsH:N0S; 13.32 13.39 22.87 23.08
XXXII S (C;H-):N- (CsH;).NCSCl 54.0 185-187° CxHaN.S, 12.06 12,12 27.60 26.95

°Recrystallization from ethyl alcohol and acetone. ®Recrystalli-
zation from acetone. ‘Recrystallization from ethyl alcohol and
chloroform. Recrystallization from chloroform and ethyl acetate.
‘Recrystallization from chloroform and ethyl ether.
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Table I, S-[6-(1 ,4-Dihydro-2-Thioxo-4,4,6-Trimethylpyrimidin-1-yl)

7N
(THz),C

ZXI

Benzothiazol-2-yl] O (or §')-Alkyl Thiol (or Dithiol) Carbonates

L
CQC/NOS;CSCXR
i Ny
CHy
Chloroformate Yield
or Crude, M.P,, Empirical N, % S, %

No. X R Chlorothioformate % °C. Formula Caled. Found Caled. Found
XXXIII 0 C.H;- CIC(0)OC.H; 86.2  127-129° CrHiN:0.S; 10.68 10.02 2444 24.49
XXXI1V 0 CHs CIC(0)OCHs 79.2  120-122° C,H;:N:0,S; 11.07 11.26 2535  25.00
XXXV 0  (CHs):CH- CIC(0)OCH(CHo,): 83.8  156-158° C,HauN:0.8; 1031  9.78
XXXVI 0 C:Hy- CIC(0)OC;:H,, 459  142-144° CyxHxN:0.S; 9.65 995 22.08 21.79
XXXVII 0 CH,=CHCH,- CIC(O)OCH.CH=CH, 149 133 CisHiN:0.S;  10.36  10.58
XXXVIII S CHs- CIC(O)SCH, 93.0 146-148  CyHi:N:0S, 10.62  10.67
XXXIX S C.H;- CIC(0)SC.Hs 90.5 135-137° CrH1N;08, 10.26 10.63 31.31 30.75-
*Recrystallization from ethyl alcohol.

Table IV. Sulfenamides
n
(cHs)zlc/ “ess
CH\\?/NOZ;CSR
CH3
Mole Ratio Yield N. 7 S 9
Amine to Crude, M.P, Empirical 0 Al
No. R Amine I % °C. Formula Caled. Found Caled. Found
XL Hexamethylen- Hexamethylen- 1.5:1 93.5  170-173° CxHxN.S: 13.38 13.56 22,98 22.66
imino imine
XLI  Morpholinyl Morpholine 3:1 77.0  168-170° CiH»N.0S; 13.78 1370 23.60 23.75
XLII 2,6-Dimethyl- cis- and trans- 3:1 98.0 123-125° CHxN,0S; 12.89  12.59 . .
morpholinyl 2,6-Dimethyl-
morpholine
® Melting point with decomposition. Recrystallization from ethyl alcohol.
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