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( 2 )  reaction of chloroamiiie with thiazolethiol; 
(3) reaction of siilfeuyl chloride with an amine; 
:ind (4) reactioii of disulfide with an amine. The 
above Inet,hods possess the following inherent dis- 
:d\-niitnges: (1) a i  cxcess of amine must be em- 
ployed and this necessitates that  it be recovered in 
order to h a w  an ecmomical commercial process 
and ( 2 )  the thiazo!esulfennmide in most cases 
cont,ains impurit,ics n-hich accelerate their de- 
composition. Awordingly, it' was desirable to dis- 
rover a iiovel method to prepare thiazolesulfena- 
niides with enhanced storage stability which avoids 
the IISC! of ainiiiw. 

.J. '1. 13:irlt,rop6 i q ~ o r t e d  the preparation of N -  
;ilky!idciic- (or nrylidcnc) benzothiaaolesulfenamides 
by the renctioii of 2-beiizothiaaolesulfeiiainide with 
ail aldehyde 01' ketoiie undrr basic coiiditioiis. A 
flirther study of this reaction revealed that the 
y i ~ l d s  of these compounds (I-XIII) were dependent 
iipon the time of t,he heat'ing period. Rased on our 
sttidy the follon.iiig niaxuimnm yiclds were ob- 
tainrd : 1.". LV-(3,1-dimet hoxvbciizylideiie)-2-beI1- 
zot,hi~aolesiilfciiamidc (X), a poor yield (22.1'%) 
was ohtaiced niid could not be improved by in- 

I, 11, 111, SI 15 88 5-91 2 
11'. VI,  S I I ,  SI11 <0 A 0  0-87 3 
1' AO 81 4 
1'11, 1-111, I S  150 96 0-47 0 

RSCH(COCHal2 RSK + CH3COCHCICOCHB RSH + (CH3)ZCHNHl 
XXXVIII 

Acetylacetone 

creasiiiy or dccwxkig thc iiiiicty iiiiiiute hratiiig 
period. 

If the react ioii hcutiiig 1 inw of 2-b~ii~othi:izol~i- 
srilfeiiamide, ry~lohcxzliiorit~ a i d  ethyl alcohol con- 
tainiiig 2-V sodium hydroxide was exteiided to orir 
hour, followed by the addition of water niid allow- 
ing the reaction mixture to stand for one m e k ,  the 
desired LV-cyc.lohexylidene-2-beiizothiazolesulfena- 
rnide (XII) was not obtained. The elemental 
andyiis of the product isolated indicated aii 
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empirical formiila of C , J I , 3 0 S s  and tho infrared 
spectra revealed the preswire of bcnzothiazolylthio 
and carbonyl radicals arid the absence of the 

-X=C group. It was also i i o t d  that t,he rcac- 

tion niixturc, upon st:iiding, gavc off ammonia. 
Froin this dat:i, it !\-as coiic:rivcd that the product 
isolntcd corilti he 2-(‘-2-oso~~~:lolicx~lthio)bei~zo- 
thiaaolc (XIS’). Oiir postulate was substantinted 
by tlic f:wt that the reaction of the potassiiim salt 
of L‘-xricrc,aptobenzothiaaolc wit8h 2-chlorocyclo- 
hcixano11c g3vc XIV. ‘l’hc mixture ineltiiig point of 
XIV deriT-cd from the two mcthods gave no de- 
pression and thc infrnrcd spectra of t8he t8wo were 
superinipostlble. :idditiun:il plouf uf the structure 
was obtained by treating XIV, derilwl from 
either method, wit’h sodiiim horohydride aiid hy- 
droxylmiinp to give 2-(”hydroxS.c~y~lohoxylthio)- 
bciizotliiaznlc (XVII) aiid ”-(“-1~3‘dros3’imiii~~~~lo- 
hcs).lthio)I~ciiaot baaole (XT’III), rcspccti\dy. Thc 
plcs~~iicc!  uf the hydroxyl r:idicd i i i  X\-II was coii- 
firnicd by the reutioii  of SS’II viit,h p-methoxy- 
phciiyl isocyuiiute to give Z-(bcnzothiuzul-2-ylthio)- 
cycloliaxyl p-methoxyc:~rbaiiilatc. 

The reaction of 2-benzothinzolesulieii~iInicle with 
2,4-p~ntaiiediorie in rthyl alcohol contaiiiiiig sodium 
hydroxide did not, yield the N-alkylidenebcnzo- 
ihi:iuol~~sulfeiiarnicle but i i ihtead 2-diacctylmcthyl- 
thiol)~iis(,thiarsole (XXXVIII) was obt,aiucd iii 
4(i:/i yit.ld. It has pre\riorisl,v b ~ c i i  r~>port ,cd~ tliut 
thc ivactioii of the potassi~uii salt of 2-nwrcapto- 
iic~iisotliiaaolc ivitli ;~-c,hloro-a,~-~,eutallediono gavc 
SSXYIII.  Tho riiixtiirr iiieltiiig poiiit of XXXVIII 
t l t , i . i \ . c d  from this t \vo nwthods gave no dcpmsioii 
: t i i d  tho infrared spwtra uf the tn-o u ~ r c  auprr- 
i i i i  pos:il)l(~. 

1 hc fi)Il(i\\-iiig nier1i:tnisms aro oflered for these 
i.c;irraiigcnicwt rcactioiis: 

/ 
\ 

r .  

i+H 
2 

0 

STV 

‘I’h initial prototlopic sliift i5 qiipportcd by the fact 
i hat the rearrangement occurs even more readily in 
tfrc W-P: 

CH3 
I RSNH2 - O H -  RSN=C -- 

+ 
C H ~ C C H I C C H ~  

I1 
0 

I 
CHL 
I 

C-20  
I 

c 14 i c  H 
I I c- 0 c=o 
I I 

CH 

Xnimoriia arid amiiirs riormally g i ~ e  eliarninrs 
rather than imines with 8-diketones and in this 
c m e  thr enamine is niialogous to  1. The rcarrangc- 
inelit of 1 to 2 should occur with ea5e since sulfrir 
is largr and ako has :in rmpty (2-orhitnl to attack 
thc far ~ n c l  of thr doublr bond The proprwtl 
t rCuivtion h t i i t c  uppears rcasonahle. It should 



s + (CH,)lCHNHz - H I S  (CH,),C=NH 
(CHJ)ICIINH~ IRSNHCH(('H,),] 

RS N= C ( C H 3 )  2 

X I  + + 
HAS S 

[RSSR] RSH RSH.H,NCH(CH,), 
XXXVI XXXV XXXVII 

+ 
S 

In order to ascwtaiii that XXX\?'II \vas iiot  iornic~l 
by the reaction of XI wit,h isopropjrlamiiic aii es- 
pcrirneiit \vas condiicttd crnplo~~iiig these rcact'ant,s 
:md, :LS espwtcd. XI iv:is r w o v c w d  i i i  theoreticd 
yield. 

Tlic reaction of '-l)ci~eothiaxol~~sulfeiiamid(~ with 
toluene 2,4-diisocj-aiiate or 4,4'-mcthylciirbis- 
(phenyl isocyanate) fiimished ,~-i3-isocvaii:Lto-p- 
tolylcarbamoyl) - 2 - beiizothiazolrs~ilf~ii~r~ii(~(1 
(XXXIX) and 4- [p-  (p-isocyanat oben z yl) pheii :*I- 
carbamoyl]-2-benzothiazolesulfenamide (XXXS) , 
respectively. These reactioiis may bc represcii tcd 
a's : 

NCO 'l'oluene 2 ,  4 -  
diisoryanate & - RSKH, 

XHCNHSR 
I 1  
0 

XXXIX 

4, 4 '  methlenebie 
(I'henvl iso<.v.l"alt.) I 

NHSR 

c=o I 
I 

xxxx 

Howcvcr, ivhtw XXXII ivas su1)stitutcd for 2- 
1)ciizothiazolcsiiIfeiiamide i l l  the : i b n ~ ~  w:i(~tioii+, 
thv products isolated were 1 -cyc,loIics~l-:~-(R-is~)~ 
c*yanoto - p -  to1gl)~irea (XXXXII) : ~ n d  1,1 ' - ( p i  
methylcnedipheiiylene)bis(8 - cyc.lohcsylurca) 
(XXXXI), respectively. Proof of striirtiirc T V ~ S  

elucidated by treating cyclohcsyliiminc wi th  4,4'- 
methylenebis(pheny1isocyanate) to give XSXXI. 
This abnormal reaction can be esplaincd on the 
lxisis that SXXII  used iii this cxpci~iineiit contained 
:i i ~ 1 - y  sin:iII : i i i i o i ~ i i t  of ,YNS\' w h i c ~ l i  c:it i i l y z ~ l  t lw 
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XXXXII 
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L H3 

y - , r , r  
'.I .\.,XIII 

'l'he reaction of ow or two niole!: of c!y(~lolirl;ylamiiir 
with one mole of  t,olueiie 2,4-diisocyaiiate did not 
yield XXXXII hut instwd 3,;~'-(~-mcthyl-m- 
phenylene) bis(1-cyc~lohcxyl~vc~Llj (XXXXIII) was 
the produclt8 isolated. 

Tcii beiizothinzole..;ulfeiiuriiidefi (XXXXIV- 
1,111) \ \ - P ~ P  prepared by thc osidat i1.e c*ondeiisatioii 
of XXXIV ui th  the appropriate amiiic. 

EXPEIZIMEST.~L' ' 
. ~ ' - ( S / / / ~ . ~ / ~ ~ / / / f , ~ /  /,r.nr!/Ii,le//,e)-8-herizothiuZo/Ps/II~~/i.(LJ)ii(lB (1- 

S). A stirrvtl s1iii-r). (~~iitaiiiiiig 100 g. (0.5.5 iuolt~) of 2- 
I)c,iizothiazol(,siilft~ii~~i~~i(l(,,  72 g. (0 .32 mole) of potassiriiii rar- 
I)oiiatcJ, 500 1111. of ethJ.1 :ilrohol and 0.55 niole of the appro- 
priate aldehyde was hrat,ed to 70" over a 10-min. period. The 
stirred reaction mixture was maintained at 70-79' for the 
time period specified in Table I. After cooling to  25", 
1500 g. of i (v  watPr \vas added and stirring continued at, 
0-10' for 1 fir. ThP Fiolid W:IS c:ollrc:ted by filtration, washed 
with wiitPr i i t r t i l  t h v  \\.ashirigs \vprc nriit.ral to litmus ai ir l  
:tir-dricd :it 25-XU". The. dttta itrc' stiiiiiiiarizd ill Thlv 1. 

( I  1) All nieltiiig poiiits were tatkeii upon a Fisher-Johns 
l)locli :uid :ire uncori,ec%ed. 





Sulfur, yp Yield, Empirical Sitrogeri, '70 _- 
(:onipuullcl It It ' Crude h1.P. FormLll:l Co ld .  Found Calcd. I?o<iicl 

- _  
$6 Tield, Enipirical Sitrogen, Sulfur, $& Chloritiri. 

(:olri]"'lllld It Crude 11 P Forinula Calcd. Found Calcti Foiin.i Calrd Foritid 



:ilmhol n w r  a 30-niin. pcriod. Thc stirrcd rcault,ing solution 
\\:is ht~ntcd a t  70bi5' for 1 hr. After cooling to 2 5 O ,  the solu- 
tion was added dropwise to 1500 g. of ice water and stirred 
at 0-10' for 1 hr. The resulting solid was collected by fil- 
t,rrttion, washed with 100 ml. of water and air-dried at 25-30". 
The  product (XXXIV) ,  m.p. 154-155' after recrystalli- 
zation from ethyl acetate-ethyl alcohol, wa8 obtained in 
;;7.7% yield. X mixture melting point with an  authentic 
sample obtained from the reaction of 2-mercaptobenzothia- 
zole with cyclohexylamine gave no depression. To the stirred 
filtrate, coned. h\.drochloric acid was added dropwise until 
n pH 4 was obtained. The resulting solid was collected by  
filtration, Lvashetl with n-ater until the washings were neutral 
to litmus :rnd air-dricd a t  25-30'. The product (XXXV), 
m.p. 180-181°, was ohtained in 56.7Yc yield. .I niixt,ure 
melting point with an authentic recrystallized sample gave 
no depression. 

Anu1. XXXIV-Calcd. for C1,HlaN&: X, 10.52; S, 
'24.07. Found: Y, 10.41; S, 24.28. XXXV-Calcd. for 
C7I-T;XS~: N, 8.38; 8, 38.34. Found: N, 8.27; S, 38.12. 

.4 ftempteri rediiction of XXXV. To a stirred solut'ion con- 
taining :33.5 g. (0.2 mole) of XXXV in 300 ml. of et'hyl 
nlcohol was added at 65-70' a solution cont,aining 7.6 g. 
(0.2 mole) of sodium borohydride in 250 ml. of ethyl alcohol 
over a 30 min. period. After heating the stirred solution at 
75-80' for 1 hr., thc cooled solution was added to  1500 g. 
of ice water. To the stirrod, cooled solution, concentrated 
hjrdrochloric acid was added dropwise until a pH 3 vas  ob- 
tained. The resulting solid was collected by filtration, 
washed with water until the washings were neutral to lit- 
mus and air-dried at 25-30'. XXXV, m.p. 180-181', was 
recovered in theoretical yield. A mixture melting point r i t h  
:in aut>hentic sample gave no depression. 

L,d'-Dithiobis( b~nzothiuzole) (XXXVi). -4 stirred charge 
containing 43 g. (0.194 mole) of Xi, 200 ml. of methyl 
alcohol and 45.5 g. (0.97 mole) of 9870 formic acid was 
heated at, reflux trmperature for 3 hr. rlft,er cooling to  5', 
,500 g. of ice watrr were added and stirring continued a t  
0-5" for 30 min. The  solid was collected by filtration, mashed 
wit'h water until the washings were neutral to litmiis, and 
air-dried at 25-30", Thc product, m.p. 179-180' after re- 
crystallization from benzene, was obtained in 90.57, 
yiold. A mixture inc>lting point x i th  an  authentic sample was 
not depressed. 

A n d .  Gilcd. for C14TJTN1S4: X, 8.43; S, 38.58. Found: 
X. 8.0%; 6 ,  38.50. 

2 - . l f e r c n p ~ o h e n r o ~ h ~ ~ ~ ~ o ~ e  ( S S X V ) .  Afethod I. To  a stirred 
slurr>- of 33.2 g. 10 I mol,,) of XXXVI  in 300 ml. of ethyl 
:ilcohol was :itld-d dropwisc: at, 65-70' a solution containinq 
:1.8 g. (0.1 molc) of sodiiun borohydride in 200 ml. of ethyl 
dcohol. The stirrctl rcaaction mixt'ure was heated a t  75-80" 
lor 1 hr. A f t u  cooling to 2G0, the solut'ion was added to 1000 
g. of ici: wtikr. To this stirred solution concentrated hydro- 
chloric acid \Y:V added dropwise a t  0-10" until a pH 3 
wa8 obtained. The solid JVRS collected by filtration, washed 
wit,h watrr  until neutral to  litmus and air-dried a t  25-30", 
The product, n1.p. 180-181 O ,  after recrystallization from 
c.th>,l slcnhol, 1 w . s  ohtiLinid in !)670 yield. A mixture mrlting 
imint,  with itn :iiithcntic s:tmpl[. gave no depression. 

. Inn/ .  (hlcd.  for CiH:,S , 8.98; S, 38.34. Found: N,  
8.82; s, 38.42. 

.Ifelhod 11. Hyclro#c,n Piilfid(s \vas lnibbled through a stirrcd 
inistiire c*ontairiing 44.5 g. (0.2 mole) of X I  and 150 ml. of 
(,thy1 alcohol at 'TO-75' over a I-hr. period. The resulting 
solution \V:IS heated :it 75-80' for 1 hr. *After cooling to  
-So, th r  rcwiltino; so!id n w  tollect,ed by filtration and air- 
tlrird a t  2540' .  The product, m.p. 172-176', \vas obtained 
i n  84% >+Id. ,Zfter recrystallization from ethyl alcohol i t  
i n c t l t c d  at 180-181 '. A mixtiire m-lting point with product 
ohtriintd from >\lethod I or with an authentic sample gave 
no t l ~ ~ p r c w i o n  and infrared spwtra of the t n o  ivrre super- 
iinposat)l~~. 

. I  n n l .  Calcd. for C'iHjNS?: N, 8.38; P, 38.334. Found: S, 
8.29; S, 38.29. 

I ,vop/.op!il toii , ir~ salt of W-i/ieicnploi,o,Eoil i icc:o/r ( S X \ ' I l ~ .  
Jfcthorl I .  A stirred slurry c011taining 44.5 g, ( I ) . ?  l l i o l t l )  {)I' 
SI,  3.2 g. of sulfur, TU g. of iaolmpylsmirie arid 160 i d .  01' 
ethyl alcohol was heated a t  70-TS" for 2 hr. After cooling 
the stirred resulting solrit'ion to -so, 300 nil. of heptnne was 
added. The stirred reaction mixture was m:iintaind : I (  

-5" for 2 hr. The resulting solid n-as c!ollectc.tl I;), filtr:itioir, 
washed with 200 ml. of heptnne, and Rir-dried a t  ?5-:303. 
The product, m,p.  180-182', was ohtnined in 79.6('$ j-i[ald. 
After recrystallization from ethJ.1 alcohol it melt,etl at, 181- 
182". 

P, 28.33, Found: S, 28.6(j. 
at 5' contaiiiing 43 g. (0.25 

mole) of 9770 2-mercaptoht~nzotliiazole in  3 0  ml. of rth3-I 
cther n-as added in one portion 17.1 g. (0.8 mole) of isopropyl- 
amine. The reaction mixture was stsirred at 25-30" for 2 hr .  
The solid was collected by filtration and air-dried at' 25-30". 
The product, ni.p. 17'3-181 ', was olitaineti in 88.2',, yiclil. 
.Wer recrystallization from et,hyl ;ilcohol it melted rtt 181 - 
182'. A mixture melting point v i th  the product obtained I)), 
RIethod I gave no deprtmion and the infrared spcctra of the 
t\vo were superimposable. 

.Anal. Calcd. for CloHI4IV S, 12.:?8; F, 28.:13. Foiund: 
11.98; S, 28.81. 

dleth,od 111. Hydrogen sulfide was buhbled through a 
stirred mixture containing 44.5 g. (0.2 mole) of S I ,  70 g. of 
isopropylamine and 150 mi. of ethyl alcohol :it, 50-70" oviv- 
a 2-hr. period. Aftzr cooling the resulting stirred solution 
to  - S o ,  300 nil. of heptme n-ere added. The stirred reaction 
mixture was held at - 5 "  for 2 hr. The resulting solid v - : ~  
collected by filtration ant1 air-dried rit 25-30", The prodiirt, 
n1.p. 179-181°, \-vas obtainmi in 6'2'4 yicald. .iftrr recrystalli- 
zation from ethyl alcohol it inPt,ed at 181-182". .Z mixtur:- 
melting point wit'h product ohtainrti by 3lcthod I or I1 
gave no depression. 

ilnal. Calcd. for CIOEMS~AZ:  N, 12.?A. Found: N, 12.00. 
Z-Diacet?/lmethwlthiobenrofh~a~o~e (XXXViiI). Method 1. 

A stirred mixture containing 18.2 g. (0.1 mole) of 2-Lerizo- 
thiazolesulfenamide, 10 g. (0.1 mole) of 2,4-pentanedioiicj, 
150 ml. of ethyl alcohol and 10 drops of 25% sodium hy- 
droxide was heated a t  75-80" for 2 hr. During the first hoiir 
heating period, ammonia ~vns being evolved. The reaction 
mixture was filtercd a t  75' in order to rcinovt! a smull :imoiint 
of impurities. The filtrate xas  poured into an evaporating 
dish and allowed to  stand overniqht. The residue wns trans- 
ferred to  a porous plant and air-dried at 25-:30°. The hrown 
oily crystals (19.5 g . )  w r e  rrcr~-stallizetl from 50 1111. of 
ethyl alcohol. The prodnrt, m.p. 119 -11 I" ,  x i s  olitnincd i n  
4670 yield. 

.4nal. Calcd for G?T-III?;O?S,: S, 5.28; S. 24.17. Found: 
?$, 5.34; 8, 24.41. 

Method 11. The  product, was ol,t,aincd by thr  reaction of 
potassium 2-mercaptobenzothiazolr x i th  ;3-chloro-%,$-pcn- 
tanadi0ne.j A mixture melting point with the product 01)- 
tairied from Method I was not depressed and the infr:ird 
spectra of the two were superiniposahlc. 

S-~fioci/annto-p-toi?/lcnrhnm.oi/i )-%hen rothiazo/e~ic!renn- 
niirle (SXXIX)  nnd .\'-[p-(~-isor~inno'ohcnz!/i)phcn!iiccc,)f~- 
7?7o~~i]-2-benzo/hiozole.ri i~~e~anniirl~ (SSS S). T o  :I stirwrl 
sl imy containing 51.7 g. (0.:3 niolc) of 2-t,c,iizothj:izoic..iiil- 
fmaniide in 300 mi. of dry l)mzenr,  is nddetl i n  orit' portioii 
0.15 mole of tolume 2,4-diisocJY"tl or 4,4'-inc~th~lciic~I,is- 
(phenyl isocyanatp). The stirrid reaction mixtiire X:IS 
heat,cd a t  40-45' for 7 hr. Aftrr cooling t o  2 5 " ,  th[l solid 
mas collected by filtration, \r:tshrd with :KK) nil. of (,th~.l 
ether, and air-dried at, 2.5-30". 

(XXXXI). Method I. To a stirred sliirry cont:iiiiinq 4:3 K. 
(0.167 mole) of S-cyclohexy1-2-benzothiazolcsrilEenainitl~ i n  
200 nil. of dry benzene \vns added in one portion W.!J g. 
(0.084 mole) of 4,4'-nirt,hylenel)is1phenyl isocynnatc, 1. The 
stirred reaction mixture was heated a t  40-43' for 7 hr. 
The temperatiire of the stirrcd rt,nrtion mixture  vas raised 
to 75" in order to dissolve a sninll amount of disulfide. The 

i lna l .  Calcd. for CloH14 
Method 11. To a stirred s 

I ,  1 ' - (p- . l fdhy len  ediphenylen e)-bis( ,~-i.?/clohpri!liiren 





Mole 

SSSXVTII  H :3 1 ,:3-Prol.'anr!diarnine 5:  1 77..5 106-107" C17HI~SIS., 1:3 85 1:3.4:3 31 .  i o  31 f i i  
X X S X I S  C1 3 1,:3-Propaiic.dianiine 8 :  1 84 .5  170-172 CI,H,,Clc?rT,Sj 11 .83 11 . ! I?  - - 

JiII H (5 1,6-Hexanedianiine 45: 1 45.0  66-68 CaoHnnNdSA 12.54 12.12 -- ~ ._  

LIT1 C1 6 1,6-Hexanediaminc 5: I 9 2 . 5  145-1 50b C~C,H~"CI"N~S~ 10.87 11 ,40 ~- - 

I, H 4 1,4-Rut~anediamine 5:  1 9 3 . 5  117-118" CinH,*?r',S, 1:3 38 1 3  05 30.ti4 : 3 0  03 
I,I CI 4 1,4-Butanediamine 5 :  1 9 8 . 0  168-170 C1RHI&l??r'& 1 1 .4!) 1 1.5fi - 

I<ecrystalliaation from ethyl alcohol. Decomposed when attempted to recrystallizv 

prodiict   as collected hv ti hot filtration and air-dried at 
25-:30". T h r  pi'oduct, m.p. :3:30-4:32", \vas obtained in 76.8YG 
\+Id. 

of benzene and air-dried a t  25-30", The product, m p .  248- 
250", was ohtained in 96' v i ~ l d .  A mivture nielting point 
with the product ohtained h\. l l r thod  I was not dt,pressed. 

Empirical Sitrogen, ( Sriliiir, 
Compound M.P. Yield, L/b Formula Calcd. Found Calcd. Foiiid 

X X X I S  178-180 80.5 CiRHiJ'J4O?S? 15.73 15.76 l i ,  09 1 7 ,  !I2 
xxxx 225-227 6 9 . 5  C E H I ~ N ~ O ~ S ?  12.96 12.97 14 8X 14.iL3 

Anal. Calcd. for CL',H3&"02: X, 12.4!1. Found: N, 12.18. 
Method 11. To a stirred solution containing 25 g. (0.1 mole) 

of 4,4'-methylenehis(phPnyl isocyanate) in :100 nil. of dry 
benzencl was added in one portion 19.9 g. (0.2 inolc) of cyclo- 
hex-)laminr. The stirred rcmt.ion mixture was heatpd at 78- 
80" for 1 hr. After cooling to 25', the solid W R S  eollerted by 
filtration :md air-dried a t  25-30", The product, 1n.p. :390- 
332,  was o1,tainc:d in !)4'); \-ic.ld. A mixtiire melting point 
ivith the product, ohtainrd by Method I \vas not depressed. 

:lnal. Calcd. for C2iH&409: N, 12.49. Found: N, 12.40. 
f -C!/clohergl-B-( 9-isoc?/ana/o-p-tol~/l )/(ma ( X X S S I I ) .  To it 

stirred cooled xoliition containing 51 g. (0.108 mole) of .Y- 
c!:clohex~~l-2-h~~nzotlii:t7iolt~sitlfeiiainid~~ in 600 nil. of et,hyl 
ether was added in one portion 16.8 g. (0.097 mole) of tolurncs 
2,4-diisocyaiiatt~. Th(i stirrrd rcw:t,ion niixtiire was maintained 
at 25-30" for 24 hr. Thci rcwiltiny solid was collected by 
filtration, \vashrd with 200 nil. of ethyl c,ther, and air-dried 
at 25-:30". The product, m.p. 167-169", wts obtained in 
91 yG yield. After recrj.st:illization from chloroform-xcct,atc 
it melted at 188-16!)". 

.1nal. Calcd. for C1;H,sSsO?: N, 15.37'. Found: S, 15.16. 
.S,S'-(4-,llelh?/I-n,-pAen!ilene)bis(f-c?/clohe2?/l7riea)(SXXX- 

111). Method I. To a stirred solut'ion containing 19.8 g. (0.2 
mole) of cjdohc~xylaniine iii 150 nil. of heptane was added 
dropuisc 17.4 g. (0.1 mol(,) of toluene 2,4-diisocyanatc. 
Tht: stirrc,d rcvtation inistiire \vas heated at 70-80" for 5 hr. 
After cooliiig to 25", t,ho solid was collt~cted by tilt,ration, 
\\aslicd ivith 100 nil. of beitzchnc% :tnd :&dried at. 25-80". 
The protliic,t,, 111.1). 248-350", \vas obtained in %';.8q8 yirld. 

- I  rra l .  CMd. for C21H,r2Y409: S, 15.04. Found: N, 14.85. 
Mefhotl 11. To it stirred cooled solution containing 17.4 g. 

(0.1 inole) of toluene 2,4-diisocyanate in 200 ml. of benzene 
!1.9 g. (0.1 mole) of cyclohexylitmine was added dropwise a t  
10-20' over a 10-inin. pericd. External cooling was removed 
and the reaction mixture was stirred at 25-30" for 1 hr. 
The solid was collected hy filtration, washed with 100 ml. 

Anal. Calcd. for C?1Hr2X,02: N, 15.04. Found: K, 14.85. 
Renzothiuzolesulfenanlirle ( SXXXIV-LIII) .  Conventional 

method. To a stirred aqueous slurry containing 0.25 mole of 
2-mercaptobenzothiazole or 5-chloro-2-henzothiizole, 40 
g. (0.25 mole) of 25(," aqueous sodium hydroxide, and 50 
i d .  of water was added in one portion 0.35 to 1.5 mole 
of the appropriate amine. After stirring for 15 min., 42 ml. of 
257; snlfiiric acid \vas adtlcd dropwise. To t,he stirred reac- 
tion mixtiire was added drop h?; drop a t  45-50' in 1.5 hr., 
151 ml. (14.0 g./100 i d . )  (0.30 inolc) of :tqueous sodium 
hypochloritr. The stirred rwct,ion inistiire \vas held at 
these teinperatrires for 1 hr. longer. The excess oxidizing 
agent was di,stroped hy t,lii, addition of 4 g. of sodium sulfite. 
For all compounds except SSSSIV, S X S S V  ;tnd SXSX- 
VI, 400 nil. of water was ttddctl and thc stirred reaction 
mixtiire was cooled to 5'. Thc solid was collected by filtra- 
tion, washed with water until the uctahings were neutral to  
litmus, and air-dried at 25-;30". For S S S N I V ,  S X X X V  
and X X X S V I ,  the cooled reaction mixture was extracted 
with 500 nil. of ethyl ether and was filtered to  remove any 
disulfide. The ether extract was washed with water until 
the wash water was neutral t o  litmus and dried over sodium 
sulfate. The ether was removed i n  vacuo at :i maximum tem- 
perature of 30". The dntx :ire sumni:rrizcd in Tahles VI  
and I T .  
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