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The reaction of 8,8’-thiodipropionic acid and ¢-
aminothiophenol gave a quantitative yield of 2,2'-
bis(2-benzothiazolyl)diethyl sulfide in polyphos-
phoric acid medium. 1,2,3-Propanetricarboxvlic
acid alo condensed readily with ¢-uminothiophenol
in a one:three molar ratio {o give a quantitative
yield of 1,2.3-tris(2-hensothiazolyl)propane in the
polyphosphorie acid catalyvazod reaction,

As polyphosphoric acid is a complex mixture, it
does not lend itself to the ervoscopic methods which
have been so successfully used in the studv of mech-
anisms of the organic c¢hemical reactions in pure
sulfurie acid. Because polyphosphoric acid i+ highly
viseous, and a poor medium for ervstallization, it is
not surprising that reaction intermediates have not
been isolated by this means. At the present time
only speculation may be made concerning the mech-
anisms by which it operates on organic compounds,
The most obvious possibilities are that it functions
as a protonic acid, as a Lewis acid, or as a phos-
phorylating agent. The intermolecular condensation
of o-aminothiophenol and dibasie acid< mav be
rationalized on the basis of an initial step which is
etther o protonation followed by elimination of
water or conversion to mixed anhvdride which
evelizes i the wsual manner to give a benzothiazole
nucleus.

LEXPERIMENTAL!

The procedure for the prepuration of bisbenzothiazole
and the related eompounds is described below. The data on

(11) Analyses were performed by the Analyvtical Research
& Service Division of the Pure Oil Research Center.
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the preparation, yields, melting points and analyses are sum-
marized in Table I. All melting points reported here are un-
corrected. Commereial polyphosphorie acid, obtained from
Victor Chemical Works. was used in this investigation,

Preparation of bis(2-benzothiazolyl)alkanes. o-Aminothio-
phenol (0.2 mole) was mixed with the dicarboxylie acid.
anhydride or nitrile (0.1 mole) and the mixture was poured
into well stirred polyphosphoric acid (125 ml.) contained in
a three neck flask at 70°. The reaction mixture was heated
at 126-160° for 2 hr. with ctlicient stirring. It was then
allowed to cool to room temperature and was then poured
into ice cold water, The precipitate was removed by filtra-
tion, washed three times with dilute sodium bicarbonate
solution, and dried in a vaenum desiceator. The erude prod-
uet was erystallized preferentinlly from ethanol and in some
cases from benzene until o constant melting point wis ob-
tained.

Preparalion of 1,2- and 1,4-bis(2-benzothiaze yl)henzenes.
A mixture of e-uminothiophenol (0.1 mole) and phthalie
acid or terephthalie acid (0.05 mole) was added to polvphos-
phorie acid (100 mb) at 100°, The reaction mixture wus
heated at 175° for 3 hr. for L,2-bis(2-henzothiazolylyben-
zene and 4 hr. for 1,4-bis(2-benzothiazolvl)benzene. The
1.2-bis(2-benzothinzolvDbenzene was isolated according to
the procedure previously described.

Preparation of 2,2'-bis(2-benzolthiazolyl)diethyl sulfide. This
compound wax prepared by treating o-aminothiophenol (0.2
mole) with g,8’-thiodipropionic acid (0.1 mole) in polyphos-
phorie acid (100 mbY at 125°. The reaction was complete in
1 hr. and the produet was worked up by the procedure de-
seribed for bis(2-henzothinzolyvlalkanes,

Prepuration of 1,2,3-trisbenzothinzolylpropune. 1,2,3-Pro-
panetriearboxylie aeid (0.1 mole) was mixed with s-amino-
thiophenol (0.3 mole) and added to well etirred warm poly.
phosphorie aeid (125 mb). The reaction mixture was heated
for 2 hr. at 125° 1,2 3. Tvisbenzothinzolyvipropane was ob-
tained in 929 vield as shiny tan ervstals following the nor-
mal isolation and erystallization method.
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A novel nwethod., the reduction of N-ulkvlidene- (or arviidenc)-benzothinzolesulfenumides (1-N1IL) with sodium boro-
hydride, has been developed for the preparation of bensothinzolesulfenamides in 76-99¢ vields, This new method avoids
the use of an amine as a reactant and also furnishes the beuzothiazolesulfenamides with greater stability than those pre-
pared by conventional known methods. During the course of this investigation the following interesting reactions were
encountered: (1) The reaction of 2-henzothinzolesultfenamide with eyelohexanone or 2. 4-pentancdione under basie conditions
gave 2-(2-oxoevelohexvithio)benzothiazole (XIV) and 2-diacetyvimethyithiobenzothiazole (XXXVIID), respectively: (2)
the attempted reduetion of N-isopropylidence-2-benzothiazolesulfenamide (XI) with (a) formice acid, (b) suliur er hydrogen
sulfide inisopropylamine-cthyl aleohol solvent, and (e) hydrogen sulfide in ethyl aleohol, gave 2,2/-dithiobis(benzothiazole)
(NXXVI), the isopropylamine salt of 2-mereaptobenzothiazole (XNNXNVID), and Z2-mercaptobenzothiazole (XXXV), re-
specetively: (3) the reaction of V-cyvelohexyl-2-henzothiazolesulfenamide (N X XIT) with 4.4-methylenebis(phenyl isocyanate)
or toluene 24-diiwoeyanate furnished 117-(p-methyienediphenviene)bis(3-cyelohexyviurea) (NXNXI) and t-evelohexyl-3-
(3-isoeyanato-p-tolvDures (NN XN, respectively. A possible mechanism for resction (1) is diseussed.

The discovery  that  2-mercaptobenzothiazoles  prepare and extensively evaluate their derivatives.
are accelerators for the vuleanization of rubber  Among the many derivatives prepared and evalu-

with =ulfur’? has stimulated many workers to  ated, the benzothiazolesulfenamide, in particular,

(1 ‘i‘ \\'.vliwll'()nl and L. B.Sebrell, Ind. Eng. Chen., 13,
1034 (1921).

(2) o Bruni and Bo Romant, Glorn. eliim. ind. applicala,
3, 196 (1921).
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2-(2.6-dimethylmorpholinothio)benzothiazole,3 N-
cyelohexyl - 2 - benzothiazolesulfenamide,* aund
N - tert - butyl - 2 - benzothiazolesulfenamide®
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(2) reaction of chloroamine with thiazolethiol;
(3) reaction of sulfenyl chloride with an amine;
and (4) reaction of disulfide with an amine. The
above methods possess the following inherent dis-

REH RSH.H Nz‘ H advantages: (1) an excess of amine must be em-
N v bloyed and this necessitates that it be recovered in
CeHi\NH, XXXIV pioy 5 .
NaBH, N order to have an economical commercial process
RSNa RSH and (2) the thiazolesulfenamide in most cases
XXXV contains impurities which accelerate their de-
vy D) . 5 ) L C !
CeHiNH, i5er RS)N(;{S(BI}I{” NaBH, composition. Accordingly, it was desirable to dis-
G cover a novel method to prepare thiazolesulfena-
RSNH, IMB”‘ No reaction mides with enhanced storage stability which avoids
+ the use of amines,
on - J. A, Barltrop® reported the preparation of N-
O:\/i> > RSN:@ RS wkylidene- (or arylidence)benzothiazolesulfenamides
X1l by the reaction of 2-benzothiazolesulfenamide with
OCNH @OCHa an aldehyde or ketone under basic conditions. A
OH" g further study of this reaction revealed that the
RSK 1 week vields of these compounds (I-XIII) were dependent
N [’]S;‘::‘;tz Pyl pon the time of the heating period. Based on our
) study the following maximum yiclds were ob-
Cl RS NabBH, pg tained: IFor N-(3,4-dimethoxyvbenzylidene)-2-ben-
zothiazolesulfenamide (X), a poor yield (22.19%)
0 0 OH was obtained and could not be improved by in-
XIV XVII
iNHQOH Heating Period, Maximum.
Compounds Minutes G Yield
RS I, 1, 111, X1 15 88.5-01.2
R= 5C 1V, VI, XII, XIII 30 69.0-87.3
NOH E:E A v 60 84.4
XVITT N VII, VIII, IN 150 96.0-97.0
RSCH(COCH4)s RSK + CH,;COCHCICOCH, RSH + (CH,),CHNH,
XXXVIII O
I Acetylacetone NaOCl
OH " v
oH ’
RSNH, + (CHy:C=0 RSN=C(CH,); NaBH, RSNHCH (CHj),
HCOOH | 1 XXX
X1
l {CH,;);CHNH;
RSSR . .
Sor H 2
XXXVI or HaS No reaction
\ (CH3);CHNH,
lNaBH\
RSH < a5 R=
XXXV (CH),CHNH, RSH-H:.NCH(CH,), ' o //C_
XXXVII N

have shown merit hecause of their delayed action
properties. Thiazolesulfenamides have been pre-
pared by the following methods: (1) Oxidative
condensation of an amine with thiazolethiol;

(3) J. J. D’Amico, M. W. Harman, and R. H. Cooper,
J. Am. Chem. Soc., 79, 5270 (1957); U. 8. Patent 2,871,230.
Commercially available under Monsanto trademark Santo-
cure 26.

(4) M. W. Harman, /nd. Eng. Chem., 29, 205 (1937).
Ui, R, Patent 2,191,656. Commerically available under
Monsanto tradename Santoceure.

(5 R. H. Cooper and J. J. )'Amico, UL S, Patent 2,807,-
620. Commercially availuble under Monsanto trademark
Santocure NS,

creasing or decreasing the ninety minute heating
period.

If the reaction heating time of 2-benzothiazole-
sulfenamide, cyclohexanone and ethyl aleohol con-
taining 2N sodium hydroxide was extended to one
hour, followed by the addition of water and allow-
ing the reaction mixture to stand for one week, the
desired N-cyclohexylidene-2-benzothiazolesulfena-
mide (XII) was not obtained. The elemental
analysis of the product isolated indicated an

(6) J. A. Barltrop and K. J. Morgan, /. Chem. Soc.,
3072 (1957).
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empirical formula of CHi:NOS, and the infrared
spectra revealed the presence of benzothinzolylthio
and ecarbonyl radicals and the absence of the

—N=0 group. It was also noted that the reac-

tion mixture, upon standing, gave off ammonia,
From this data, it was concelved that the product
isolated  could be 2«(2-oxocyclohexylthio)benzo-
thiazole (XIV). Our postulate wag substantinted
by the fuet that the reaction of the potassium salt
of 2-mereaptobenzothiazole with 2-chlorocyclo-
hexanone gave XIV, The mixture melting point of
X1V derived from the two methods gave no de-
pression and the infrared spectra of the two were
superimposable. Additionul proof of the structure
was obtained by treating XIV, derived from
either method, with sodium borohydride and hy-
droxylamine to give 2-(2-hy dm\y()dohoxylthio)-
benzothiazole (XVII) and 2-(2-hydroxyiminocyclo-
hexylthio)benzothianzole (XVIII), respectively, The
presence of the hydroxyl radical in XVIT was con-
firmed by the reaction of XVII with p-methoxy-
phenyl isoeyanate to give 2-(benzothinzol-2-ylthio)-
cvelohexyl p-methoxycarbanilate.

The reaction of 2-hengothiazolesulfenamide with
2,4-pentanedione 1n ethyl alcohol containing sodium
hydroxide did not vield the N-alkylidenebenzo-
thinzolesulfenamide but mstead 2-diacetylmethyl-
thiohenzothiazole (XXXVIII) was obtained in
469, vield, It has previously been reported” that
the reaction of the pof@ssium salt of 2-mercapto-
benzothiazole with 3-chloro-2,4-pentanedione gave
NXXVIIIL The mixture melting point of XXXVIII
derived from the two methods gave no depression
and the infrared speetru of the two were super-
mposable.

The following mechanisms are offered for these
rearrangement reactions:

RSN?Q RSN ~{ y L.
XII

N ;o oo
l{SI‘\:TJ—A@ — RHI\«:K_> e rs~< )
= {>

X1V

OH™

*4-?

The initial prototropic shift is supported by the fact
that the rearrangement occurs even more readily in
the case:

7y D Amico, ©

s Palent 2,772,277, Nov. 27, 195,
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RSNH, RSN:(‘D —
+ CH,
CH,CCH,CCH, r
i! f =0
0 |
Oy
CIIIL ?Hu
H . =
RSN— U RSN (!T‘ —
YT N
CH Cin
! |
(]7=o (!::o
CH, CH,
¥y
Cl‘Ha (|7Ha
( $=w 8 |c=\H
RSN=C RS?H =, gscy -I2
1
N
c=0 CH: CH,
| 2
CH, a
RSCH(COCH,), -+ NH, R= @ ><;—
XXXV "

Ammonia and amines normally give enamines
rather than imines with B-diketones and in this
cage the enamine is analogous to 1. The rearrange-
ment of 1 to 2 should occur with ease since sulfur
is large and also has an empty d-orbital to attack
the far end of the double bond. The proposed

transition state appears recasonable. It should
R—S ..... C -
o
Novo-- C

be pseudoaromatic as there are six « cleetrons
involved in the svsiom of the dotted bonds and five
atomic orbitals (four peatomic orbitals and one
d-atomic orbital of suifur). In faet this proposed
transition state is isoconjugated with the rela-
tively stable cyclopentadienide anion which also
has six = electrons.

The reduction of I-X1I1 with sodium borohyvdride
in ethyl alcohol gave the bex140thia/olosulfmumidos
(XXVI-XXXIID in 76 to Y99, vields. The mix-
ture melting points of XXVI, XXXI, and XXXII
with authentic samples gave no depression and the
infrared spectriv were in agreement with the pro-
posed structures. The erude benzothiazolesulfena-
mides prepared by the oxidative condensation of
the primary or secondary amine with the thiazole-
thiol are often contaminated with unreacted 2-
mercaptobenzothiazole (XXXV), 2,2'-dithiobis-
(benzothiazole) (XXXVI) and the amine salt of
XXXV which aceelerates their decomposition upon
standing under ovdinavy conditions. The benzo-
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thiuzolesulfenamides prepared by this novel method
were found to be stable up to three years at room
temperature in shelf aging tests. This enhanced
stability can be explained by the fact that the
benzothiazolesulfenamides prepared by this new
method are free of impurities. Under the basic
conditions of the reduetion reaction, the presence
of XXXV, XXXVI, and amine xalt of XXXV
would be converted to sodium salt of NXXV
which ig water soluble and thus removed,

The reduction of N-cyclohexyl-2-benzothiazole-
sulfenamide (XXXII) with sodium borohydride
gave cevelohexvlamine salt of 2-mercaptobenzothia-
zole (XXXIV) and XXXV in 37.79% and 56.7%
vields, respectively. The mixture melting point
of XXXIV and XXXV with authentic samples
gave no depression. In order to ascertain that
sodium borohydride did not reduce XXXV, an
experiment was conducted under the same condi-
tion as employed for XXXII. As expected, XXXV
was recovered in theoretical yield upon acidifi-
cation of the aqueous selution.

The attempted reduction of N-isopropylidene-2-
benzothiazolesulfenamide (XI) with formic acid
did not vield N-isopropyl-2-benzothiazolesulfena-
mide (XXXI) but instead XXXVI was isolated in
99.59; vield. Proof of structurc was elucidated by
reducing XXXVI to XXXV with sodium boro-
hydride and the mixture melting point of
XXXV and XXXVI with authentic samples gave
no depression. It was not surprising that XXXV]
was obtained in this reaction as it is an established
fact  that  N-alkylidene-(or arvlidene)benzothia-
rolesulfenamides® and  sulfenamides®? are known
to be deeomposed by acids into disulfide.

A P Hardman' reported the preparation of 2-
(morpholinodithio)benzothiazole by the reaction of
2-{morpholinothio)benzothiazole with sulfur in a
morpholine-ethyl alcohol media. It was anticipated
that the reaction of XI with sulfur in an isopropyl-
amine—ethyl alcohol solvent would yield 2-(iso-
propylidencaminodithin)benzothiazole but instead
the isopropylamine salt of 2-mercaptobenzothiazole
(NXXVID was obtained in 79.6% vield. 1t hydro-
ven sulfide were subxtituted for sulfur in the above
reaction the same product (XXXVII) was ob-
tined i 6297 vield. Proof of structure was eluci-
dated by preparing XXXVII by reaction of iso-
propvlamine with XXXV, A mixture melting
point of XXXVII obtained by the three methods
gave no depression and the infrared spectra of
the three were superimposable. However, it was
surprising to discover that the reaction of XI with
only hydrogen sulfide in an ethyl aleohol solution
furnished XXXV in 849 yield. A plausible explana-

(8) M. L. Moore and T. B. Johnson, J. Am. Chem. Soc.,
57, 1517 (1935).

(9) M. L. Moore and T. B. Johnson, JJ. Am. Chem. Soc.,
58, 1091 (1936).

CHY AL Hardman, UL S, Patent 2,837,510,
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t'on for these reduction reactions may be repre-
sented ag foilows:

S + (CHy),CHNH, —> H,S + (CH,,C=NH
RSN=C(CH,), ~:CHNL | RSNHCH (CHa)o)
XI + 4+
H,S s
HZSJ H,S
[RSSR] — 2+ RSH  RSH-H,NCH(CHy),
XXXVI XXXV XXXVII
R= S\C_ g
N )

In order to ascertain that XXXVII was not formed
by the reaction of XI with isopropylamine an ex-
periment was conducted employing these reactants
and, as expected, X1 was recovered in theoretical
yield.

The reaction of 2-benzothiazolesulfenamide with
toluene 2 4-diisocyanate or 4,4’-methylenebis-
(phenyl isocyanate) furnished N-(3-izoevanato-p-
tolvlearbamoyl) - 2 - benzothiazolesulfenamide
(XXXIX) and N-[p-(p-isocyvanatobenzyl)phenyl-
carbamoyl]-2-benzothiazolesulfenamide (XXXX),
respectively. These reactions may be represented
as!

CH,
NCO Tolueve 2, 4-
diisocyanate RSNH,
, 4" hlenebi
NH(H,‘NHSR é)}?en?leitsof:jn:e)
0
XXXIX I]\IHSR
NH

CHzON(‘,O

XXXX

= Q-
W7

However, when XXXII wuas substituted for 2-
benzothiazolesulfenamide in the above reactions
the products isolated were 1-cyvelohexyl-3-(3-iso-
cyanoto - p-tolyljurea (XXXXII) and 1,17-(ps
methylenediphenylene)bis(3 - cyclohexylurea)
(XXXXI), respectively. Proof of structure was
elucidated by treating cyclohexylamine with 4,4'-
methylenebis(phenylisocyanate) to give XXXXI.
This abnormal reaction can be explained on the
basis that XX XIT used in this experiment contained
a very small amount of XXXV which catalvzed the
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formation  of eyclohexylamine and XXXIV as LE) RBER D
illustrated b~ the following reactions: 8 SD=R |
RSH RSSR . £
XXXV XXXVI (0 2| sz23
+ ey - CElla- gt <
] N = =X =
RSNHC:H,, CeH ., NH, ~ : Z
XXXII 2
L HEEELLEIE LR
Wilgt——a  Kag ¥
- bl e P B lion et B - Y -
RSSR RSNHCsH, (2) o £
A XXXII £ £
CsH i NH, -+ :;‘fg :‘r?ggg | %:: =z
RSHH,NCoH,, JIRERRE z2m | =
XXXIV 5
CHa @NCO)Q . CHZ(QNHﬁNHCﬁH”)Z(S) - Z
= —n S0V
&5 éﬂ*ll’:‘lf.\]_"\l(:lt‘,?l‘l’*‘ =
+ 0 S 0SS 0wWR K|S
CsHuNH, XKXXI % .
and RSH iz STz faplEe ol e ¢ —5
Zls | oo o as s
XXXIV . &5 ’ooc::oc'oow o €
Toluene 2, 4- = =
diisocyanate E i —i
% =
CH; f - = =
. = 2= g
NCO 4 Ren 2 £E ks
o) a5 =
NHCNCH,, g < £
I 2 = z
0O = =
XXXXII 2 =
CHuNH, CHQ(QNCO)E @ = oa : . g
= 9@ | P2 n
Toluene 2, 4- Z & I~ - .
diisoeyanate E_: E - :E
Y E: f
CH, 2 BR%siunakn 2
ﬁNH(‘NHCbH“ 8 é zifi‘?;;?f? =
il ii - = L |
NOZ ) R~ No z Tshgrgegsz
DHONHCH,, 7 s e e =12
i N = S
0 £ =
NN Z = =
MNNXIIT z e NGwBToeeS = B
‘The reaction of one or two moles of eyelohexylamine z ~EIEBRRFI2REEN|T
with one mole of toluene 2 4-diisocyanate did not “ & £
vield XXXXII but instead 3,3-(4-methyl-m- =
phenylene)bis(1-cyelohexyluren) (XXXXIITD) was $élnnnsasccsal S
B [l =T N B AR Y o S Y S Yol -
the product isolated. b S
Ten  benzothiazolesulfenamides  (XXXXIV- =
LIIT) were prepared by the oxidative condensation _ 13
of XXXIV with the appropriate amine. z <
EXPERIMENTAL!! - _ ZEzTE CV
. . s & ~ =
= = = = =
N-(Substitided benzylidene)-2-benzothiazolesulfenwnide (1- . | =2z = = % Es 2|8
N). A stirred slurry containing 100 g. (0.55 mole) of 2- - - 222 %
benzothiazolesulfenamide, 72 g. (0.52 mole) of potassium car- ZEZSE SET I
bonate, 500 ml. of ethy] alcohol and 0.55 mole of the appro- SEES=E pEsE g
priate aldehyde was heated to 70° over a 10-min. period. The E28ER L85 3R =
stirred reaction mixture was maintained at 70-79° for the 2151 E8 2R L8
time period specified in Table I. After cooling to 25°, SN A S TR N = oF =
1500 g. of ice water was added and stirring continued at -=§
0-10° for 1 hr. The solid was collected by filtration, washed . z
with water until the washings were neutral to litmus and z é
air-dried at 25-30°. The data are summarized in Table 1, Z e — T
itk 2| S =EEA S
(11) All melting points were taken upon a Fisher-Johns A ialalai S i < <
block and are uncorrected. <
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TABLE 1
N-(IsopPrOPYLIDENE, CYCLOHEXYLIDENE, OR CYCLOPENTYLIDENE -2-BENZOTHIAZOLESULFEN AMIDE

Reaction Conditions ¢ yield, ____ M.P. Lmpircal Nitrogen, Sulfur, ©,
Compound R Temp. Time,mins. Crude  Obtained Reported  Formula  Caled. Found Caled. Found
NI —C(CH;), 60-70 15 89 1 133-134¢ 131" CpH NS 12,60 12,65 28.85 20,11
NIT1 - ~CyHu 70--72 30 71.9 106-107%  106-107%  C;H, NN 10,68 1067 24,44 24 42

NIIL CiHs 60-70 30 87.3 1311324 1316 CraHpaNoNy —- — -

" Reervstallization from ethyl aleohol.

TABLE JII

2-(2-Oxoeyelohexvylthio)benzothiszole

R’ S

R
(o)
%6 Yield, Ixmpirical _Nitrogen, "¢ o Badfur e
Compound R R Crude AMLP. Formula Caled. Found Caled. Found
NIV H H 84.5 92-093° CiuHENON; 532 5.24 24.35 24.43
XV i H 90.0 42-037 CHLCINOS, 1.70 4.67 21.53 21.51
XVI H OC,H, 8).5 oll CrH i NON, 4.56 4.54 20 .86 20,22

@ Reerystallization from ethyl aleohol. ® Reervstallization from heptane.

N-(Isoproplyidene)-2-benzothivzolesulfenanvide (X1) (N-cy-
clohexylidene)-2-benzothiazolesulfenamide (XIT) and N-(cy-
clopentylidene)=2-benzothiuzolesid fenamide (XIT1). A stirred
slurry containing 100 g. (0.55 mole) of 2-heuzothiazolesul-
fenamide, 100 ml. of ethyl alecohol containing 30 ml. of 2V
sodium hydroxide and 1 mole of acetone, c¢yelohexanone,
or cyclopentanone was heated to 60° over a 10-min. period.
The stirced reaction mixture was maiutained at 60-72°
for the time pertod specified in Table 11 The stirred reaction
misture wias cooled to 8° and the resulting solid was col-
lected by filtration. The solid was washed with 100 ml of
cold ethyl aleohol and wir-dried at 25-30°. The data are
summarized in Table 11

2-(2-OrocycloherylihioYoenzothiuzole (XIV). A stirred mix-
ture containing 100 g. (0.55 mole) of 2-benzothiazolesulfen-
amide, 538.8 g. (0.6 mole) of evelohexunone and 400 ml. of
ethyl aleohol eontaining 30 mi. of 2.V sodium hyvdroxide was
heated at 75-80° for 1 hr. After cooling to 5°, 400 ml. of
cold water was added and stirring continued for 30 min.
The reaction mixture was allowed to stand for 1 week.
The resulting semisolid was filtered, washed with 200 ml. of
heptane and air-dried on a porous plate at 25-30°. The
product, m.p, 85-90°, was obtained in 79,10, vield. Tt melted
at 92-937 after reervstallization from ethyl aleohol.

Anal, Caled, for CuHpENON: N, 5320 8, 24.35. Found:
N, 5,401 8, 24.27.

2-(2-0xocycloherylthiolbenzothiazole (N1IV), 2-(2-orocyclo-
hexglthio)-s-chlorobenzothiazole (NN') and 2-(2-oxocycloheryl-
thio--cthocybenzothiazole (NVI). To a stirred solution con-
taining 0.5 mole of 7% 2-mercaptobenzothiazole, 5-chloro-2-
mereaptobenzothiazole, or  G-cthoxy-2-mereaptobenzothia-
zole, 300 mll of nectone, 1O mil of water, and 33 g. (0.5 mole)
of 85 potussium hyvdroxide was added 66.8 g, (0.5 mole)
of Z-chlorocyvelohexanone. The stirred  reaction mixture
was heated at 50 56° for 4 hr. For XTIV and XV the cooled
redetion misture was added to 1000 g. of stirred ice water.
After stirring for T hr. at 0 10°, the resulting solid was
collected by filtration, washed with water until the washings
were neutral to litmus, and air-dried at 25- 30°. For XV, to
the cooled stirred reaction mixture 500 ml. of water and 100
mil.of ethylether were added. The ether layer wus separated,
washed with water until the washings were neutral (o litmus,
and dried over sodinm sulfate. The ether was removed
O cacio at o masimum temperature of 90° at -2 noa,

A mixture melting point of XIV derived from the rearranse-
ment of XII and by the reaetion of potassium 2-mercapto-
benzothiazole with 2-chloroevelohexanone gave no depression
and the infrared spectra of the two were superimposable.
The data are summarized in Table IIT.

2-(2-Hydroxycyclohexylthio)henzothiazole (XVII). Method
I. To a stirred solution containing 10 g. (0.038 mole) of
XIV (derived from the rearrangement of XII) in 100
ml. of ethyl aleohol was added dropwise ut 65-70° a solu-
tion containing 1.45 g. (0.038 mote) of sodium borohydride
in 100 ml. of ethyvl aleohol over a 15-min. period. The
stirred solution was heated at 70-78° for 1 hr. After cooling
to 25°, the solution was added to 500 g. of ice water and
stirred at 0-10° for 2 hr. The resulting solid was collected by
filtration, washed with water until the wuashings were
neutral to litmus and air-dried at 25-30°. The product, m.p.
78-81°, was obtained in 90.49%;, vield. After successive re-
erystallization from ethyl aleohol and heptane 1t melted at
88-90°.

Anal. Caled. for CuHENOS: N, 5.28; 8, 24,17, Found:
N, 83508, 2414

Method I1. This reaction was carried out in the same
munner as described in Method T except 10 g, of XIV de-
rived by the reaction of potassium 2-mercaptobenzothiazole
and  2-chlorocyelohexanone wus employed. The  product
m.p. 78-81°, was obtained in 89.3¢¢ vield. After successive
reerystallization from ethyl aleohol and heptane it melted at
88-00°. A mixture melting point with the produet obtained
fromy Method T was not depressed and the infrared specetra
of the two were superimposable.

Anal. Caled. for CaHupNOS:: N, 5,280 8, 2447, Found:
N, 5.26; 8, 24,18,

2-( Benzothiczol-2-ylihioeycloher yl p-nicthox yearbanilate. 'Fo
i stirred mixture containing 26.5 g. (0.1 mole) of XVIL in
300 ml. of heptane was added 14,9 g. (0.1 mole) of p-meth-
oxyphenyl isocvanate. The stirred reaction mixture was
heated at 80-90° for 6 hr. After cooling to 57, the solid wax
collected by filtration and air-dried on a porous plate ut
25--30°. The produet, m.p. 122-128°, was obtained in 67.5°,
vield. After recryvstallization from acetone ethyl aleohal it
melted at 141 143°,

Anal. Caled. Tor Co e NSO N G707 N,
N, 6.52; 8, 15,50,

1517, Pound:
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TABLE 1V
2-(2-HYDROXYIMINOCYCLOHEXYLTHIO )BENZOTHIAZOLE
¢ Yield, Empirical Nitrogen, % Sulfur, %
Compound R R’ Crude M.P. Formula Caled. Found Caled. Found
XVIII H H 73.3 146-148¢ CHN08, 10.06 0.64 23.04 22 94
XIX Cl H 76.0 1861877 CH,CIN( 8.96 8.83 2050 2067
XX H OC,H; 0.5 139-1412  CHgNL0,8, 8.69 8.51 10,89 1957
4 Reerystallizution from ethyl aleohol. 7
TABLLIL V

BENZOTI‘IIAZOLES['LFENAMIDES

s
AN
@i )C—SNHR

N

¢ Yield, Empirical Nitrogen, % Sulfur, Y% Chlorine, %
Compound R Crude M.P. Formula Caled. Found Caled. Found Caled. Found
XXI m-Nitrobenzyl 96.0 86-88 CuHiN0 13.24 1321 — — — —
NXIT 2 4-Dichlorobenzyl 82.0 80-82% () HpCh) 821 827 18.79 18.92 — —
NXIIT ~Chlorobenzyl .4 114-115*  CuHLCIN 913 913 — — — -
NXTIV o-Chlorobenzy | 85.0 62-63¢  CuHLCIN 913 y.08 — — — —
XNV 3.4-Dichlorobenzyl 0.2 133-134  CuHWCL 8.21 8.08 1879 18.78 20.78 20.80
ANV Benzyd 00 .2 1O-1200 CulhieNas. 10.29 1023 23.54 23.72 -— —
NXVIT $-1sthoxy-3-methoxy-
benzyl 83.7 80-820 CHsN0.8, 8,00 7.8% 18.51 18.93 — —
NAVIID  2.3-Dimethoxybenzyl 93.1 1201300 CyH L pN20:8; .43 %.42 10.29 19.54 — —
XXNIX 1,3-Benzodioxol-5-yl
mothyt 80.5 T7-78%  CL HLNL08;,  8.83 R.78 20.27 20.16 — —
XXX 3,4-Dimethoxvhenzyl 82.0 126-127%  CH ;N .42 828 — — — --
NXXT Isopropvl 87.0 94-95 CioH 12N % 12,49 12,26 28.59 28.55 — —
NXNXII Cyelohoexvl 99.0 102-103°  CHeNuS, 10.60 10.65 24.26 2415 - -
NXXIII  Cyvelopoenty] 87.6 67-69¢ CiaH NS 11.19 10.76 25.61 25.70 — -

? Reerystallization from benzene. ¥ Reerystallization from ethyl alcohol. ¢ Recrystallization from heptanc.

S E-Hydrovyiminocyelonerylihio)benzothiazole (XVIII), 5-
chloro - 2 - (2 - hydroxviminocyelohexyithio)benzothiazole
(NIX), 6-Ithoxy-2-(2-hvdroxyviminoevelohexvlthio)benzo-
thinzole (NXX). A stirred slurry containing 0.2 mole of XIV,
NV, or XVI and 400 ml. of ethy] aleohol was heated to 60°.
To the cooled stirred solntion was added in one portion a
solution containing 16.4 g (0.23 mole) of hvdroxylamine
hyvdroehloride in 530 ml. of water. A solution containing 13.3 .
(3125 mole) of sodium carbonate in 60 ml of water was
added dropwise at 23-30° over a 13-min. period. The stirred
reaeiion mixture was heated at 75-80° for 2 hr. and then
eooled to 3° For XVIIT and XIX, the resulting solid was
colleeted by filtration, washed with water unuil the wash
water was neutral 1o litmus and ar-dried at 25-30°. For
NN, the ethyl aleohol was removed in vacio and the cooled
resulting residue was extraeted with 400 ml of ethyl ether.
The ether sohition was washed with water until the washings
woere neatral 1o litmus and dried over sodium sulfate. Upon
removal of cother 7n pacwo a wolid resulted which was air-
dried at 25-307. The data are sammuarized in Table TV,

Benzothiozolesi{fenamides (NNX1-XXXIII). New wniethod.
To a stirred sharry containing 0.2 mole of the appropriate
Naalkvldene-(or  arvlidene)benzothiazolesulfenamides  in
S00 b of ethyl aleohol was added dropwise at §5-70° a
solution containing 7.6 g. (0.2 mole) of sodium borohydride
i 100 ml of ethyl aleobol over a 30-min. period. The
stirred solution was heated at 75-80° for | hr. After cooling
ta0 257, the reaction mixture was added to 1500 g. of stirred
ite water. The reaction mixture was stirred at 0-10° for
! hir. The solid was collected by fileration, washed with water
mntil the washings were neutral to litmus and air-dried at
25-30°, Mixture melting points of XXVI, NXXNT. and
NNNIT with aunthentie reerystallized  siples were 1ot

depressed and infrared spectra were in agreement for the
proposed structnres. The data are summarized in Table V.

N-Cyelopentyl-2-benzothinzolenlfenamide (NXXIIT). Con-
ventional method. To a stirred solution containing 33.6 g.
(0.2 mole) of 97%} 2-mercaptobenzothiazole, 60 ml. of water,
and 32 g. (0.2 mole) of 25% sodium hydroxide was added
dropwise 68 g. (0.8 mole) of cyvclopentylamine,  After stir-
ring for a period of 18 min., 33.6 ml of 250 sulfurie aeid
solution was added dropwise over a period of 15 min. and
stirring continued for another 15 min, Then 140 ml (0.21
mole) of an aqueous solution of sedium hypochlorite (12.7
per 100 ml) was added dropwise at 30-35° aver o period of
1.3 hr. The stirred reaction mixture was maintained
at these temperatures for an additional hour and then 2 g. of
sodium sulfite was added to destrov the excess oxidizing
agent. After cooling to 5°, 200 ml. of water and 300 mi. of
cther were added and stirring continued for a period of 15
min, The cther solution was separated, washed suceessively
with 200 ml. of 2% acetic acid, and finally with water unitil
the wash water was neutral to litmus. The ether solution was
dried over sodium sulfate and the ether removed in vacuo
at a4 maximum temperature of 30°. The N-cvelopentyl-2-
benzothinzolesulfenamide, m.p. 66—-68°, was obtained in 98¢,
vield. After reervstallization from dilute methyl uleohol
it melted at 67-69° and a misture melting point with w re-
ervstallized sample obtained by the reduction of XIIT was
not depressed.

Anal., Caled, for CaHaNase S, 25600 Found: &) 25.72.

Cycloherylamine salt of 2-mercaptobenzolhiazole (XXXIV)
and 2-mercaptobenzothiazole (NNXV). To « stirred shurry
containing 52.8 g. (0.2 mole) of NXXII in 300 ml. of ethyl
alcohol was added dropwise @l 65-70° a solution containiny
7.6 ¢ (0.2 mole) of sodium borohydride in 250 ml of ethyl
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aleohol over a 30-min. period. The stirred resulting solution
was heated at 70-75° for 1 hr. After cooling to 25°, 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-
tration, washed with 100 ml. of water and air-dried at 25-30°.
The product (XXXIV), m.p. 154-155° after recrystalli-
sation from ethyl acetate—ethyl aleohol, was obtained in
$7.7% vield. A mixture melting point with an authentic
sample obtained from the reaction of 2-mercaptobenzothia-
zole with evelohexylamine gave no depression. To the stirred
filtrate, coned. hyvdrochloric acid was added dropwise until
a pH 4 was obtained. The resulting solid was collected by
filtration, washed with water until the washings were neutral
to litmus and air-dried at 25-30°. The product (XXXV),
m.p. 180-181°, was obtained in 56.7%, yield. A mixture
melting point with an authentic recrystallized sample gave
no depression.

Anal. XXXIV—Caled. for CiaHisNoSe: N, 10.52; 8,
24.07. Found: N, 10.41; 8, 24.28. XXXV-—Caled. for
(C7H:NS: N, 8.38; 8, 38.34. Found: N, 8.27; 5, 38.12.

Attempted reduction of XXXV. To a stirred solution con-
taining 33.5 g. (0.2 mole) of XXXV in 300 ml. of ethyl
alcohol was added at 65-70° a solution containing 7.6 g.
(0.2 mole) of sodium horohydride in 250 ml. of ethyl alcohol
over a 30 min. period. After heating the stirred solution at
75-80° for 1 hr., the cooled solution was added to 1500 g.
of ice water. To the stirred, cooled solution, concentrated
hydrochloric acid was added dropwise until a pH 3 was ob-
tained. The resulting solid was collected by filtration,
washed with water until the washings were neutral to lit-
nmus and air-dried at 25-30°. XXXV, m.p. 180-181°, was
recovered in theoretical yield. A mixture melting point with
an authentic sample gave no depression.

2,2'-Dithiobis(benzothiazole) (XXXVI). A stirred charge
containing 43 g. (0.194 mole) of XI, 200 ml. of methyl
aleohol and 45.5 g. (0.97 mole) of 989 formic acid was
heated at reflux temperature for 3 hr. After cooling to 5°,
500 g. of ice water were added and stirring continued at
0-5° for 30 min. The solid was collected by filtration, washed
with water until the washings were neutral to litmus, and
air-dried at 25-30°, The product, m.p. 179-180° after re-
erystallization from benzene, was obtained in 99.5%
vield. A mixture melting point with an authentic sample was
not depressed.

Anal. Cualed. for CHNSe: N, 843; 8, 38.38. Found:
N, 8.62; 3, 38.50.

2-Mercaptobenzothiuzole (XXXV). Method 1. To a stirred
slurry of 33.2 g. (0.1 mol") of XXXVI in 300 ml. of ethyl
alcohol was add~d dropwise at 65-70° a solution containing
3.8 g. (0.1 mole) of sodium borohydride in 200 ml. of ethyl
alcohol. The stirred reaction mixture was heated at 75-80°
for 1 hr. After cooling to 25°, the solution was added to 1000
g. of ice water. To this stirred solution concentrated hydro-
chloric acid was added dropwise at 0-10° until & pH 3
wag obtained. The solid was collected by filtration, washed
with water until neutral to litmus and air-dried at 25-30°,
The produet, m.p. 180-181°, after recrvstallization from
cthyl aleohol, was obtained in 969, vield. A mixture melting
point. with an authentic sample gave no depression.

Anal. Caled. for C:H;NSe: N, 8.38; 8, 38.34. Found: N,
8.82: N, 38.42.

Method TT. Hvdrogen sulfide was bubbled through a stirred

mixture containing 44.5 g. (0.2 mole) of XI and 150 ml. of
cthyl alcohol at 70-75° over a 1-hr. period. The resulting
solution was heated at 75-80° for 1 hr. After cooling to
—5°, the resulting solid was collected by filtration and air-
dried at 25-30°. The product, m.p. 172-176°, was obtained
in 84% vicld. After recrystallization from ethyl aleohol it
melted at 180-181°. A mixture melting point with product
obtained from Method T or with an authentic sample gave
no depression and infrared speetra of the two were super-
imposable.

Anal. Caled. for C;H;NS.: N, 8.38; 8, 38.334. Found: N,
8.29; 8, 38.20.
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Tsopropylamine salt of 2-mercaplohensolhiazole (NNNVIT
Method 1. A stirred shurey containing +4.5 g, (0.2 mole) of
XI, 3.2 g. of sulfur, 70 g. of isopropylamine and 150 nul, of
ethyl alcohol was heated at 70-75° for 2 hr. After cooling
the stirred resulting solution to —5°, 300 ml. of heptane was
added. The stirred reaction mixture was maintained at
—5° for 2 hr. The resulting solid was collected by filtration,
washed with 200 ml. of heptane, and air-dried at 25-30°.
The product, m.p. 180-182°, was obtained in 79.677 yield.
After recrystallization from ethyl aleohol it melted at 181-
182°,

Anal. Caled. for C,(Hi NuSp: 8, 28.33. Found: 5, 28.66.

Method I1. To a stirred slurry at 5° containing 43 g. (0.256
mole) of 979, 2-mercaptobenzothiazole in 500 ml. of ethyl
ether was added in one portion 17.7 g. (0.3 mole) of isopropyl-
amine. The reaction mixture was stirred at 256-30° for 2 hr.
The solid was collected by filtration and air-dried at 25-30°,
The product, m.p. 179-181°, was obtained in 88.2%¢ yicld.
After recrystallization from ethyl aleohol it melted at 181-
182°. A mixture melting point with the produet obtained by
Method I gave no depression and the infrared spectra of the
two were superimposable.

Anal. Caled, for Ci(HuiuN»S:: N, 12.38; &, 28.33. Found:
11.98; 8, 28.81.

AMethod III. Hydrogen sulfide was bubbled through a
stirred mixture containing 44.5 g. (0.2 mole) of XI, 70 g. of
isopropylamine and 150 ml. of ethyt aleohol at 50-70° over
a 2-hr. period. After cooling the resulting stirred solution
to —5°, 300 ml of heptane were added. The stirred reaction
mixture was held at —5° for 2 hr. The resulting solid wus
collected by filtration and air-dried at 25-30°. The produet,
m.p. 179-181°, was obtained in 627, vield. After recrystalli-
zation from ethyl alcohol it meted at 181-182°. A mixture
melting point with product obtained by Method I or II
gave no depression.

Anal. Caled. for CioH1uN2Ss: N, 12.38. Found: N, 12.00.

2-Diacetylmethylthiobenzothiazole (XXXVIII). Method 1.
A stirred mixture containing 18.2 g. (0.1 mole) of 2-benzo-
thiazolesulfenamide, 10 g. (0.1 mole) of 2,4-pentanedione,
150 ml of ethyl aleohol and 10 drops of 2597 sodium hy-
droxide was heated at 75-80° for 2 hr, During the first hour
heating period, ammonia was being evolved. The reaction
mixture was filtered at 75° in order to remove a small amount
of impurities. The filtrate was poured into an evaporating
dish and allowed to stand overnight. The residue was trans-
ferred to a porous plant and air-dried at 25-30°. The brown
oily crystals (19.5 g.) were reervstallized from 50 ml. of
ethy] aleohol. The product, m.p. 110--111°, was obtained in
469, yield.

Anal. Caled for CoHuNO-S:: N, 5.28; 8, 24.17. Found:
N, 5.34; S, 24.41.

Method 1I. The product was obtained by the reaction of
potassium 2-mercaptobenzothiazole with 3-chloro-2,4-pen-
tanedione.” A mixture melting point with the product ob-
tained from Method I was not depressed and the infrared
spectra of the two were superimposable.

N-(3-Tsocyanato-p-tolylcarbamoyl }-2-benzothiazolesnlfena-
mide (XXXIX) and N-[p-(p-isocyanatobenzylyphenulearba-
moyl]-2-benzothiazolesulfenamide (XXXX). To a stirred
slurry containing 54.7 g. (0.3 mole) of 2-benzothiazolesul-
fenamide in 300 ml. of dry benzene was added in one portion
0.15 mole of toluene 2,4-diisocvanate or 4.4’-methylenehis-
(phenyl isocyanate). The stirred reaction mixture was
heated at 40-45° for 7 hr. After cooling to 25°, the solid
was collected by filtration, washed with 300 ml. of ethyl
ether, and air-dried at 25-30°.

1,1'-(p-Methylenediphenylene)-bis(3-cyclohexyluren)
(XXXXT). Method 1. To a stirred slurry containing 43 g.
(0.167 mole) of N-cyclohexyvl-2-benzothiazolesulfenamide in
200 m]. of dry benzene was added in one portion 20.9 g.
(0.084 mole) of 4,4’-methvienebis(phenyl isocvanate). The
stirred reaction mixture was heated at 40-45° for 7 hr.
The temperature of the stirred reaction mixture was raised
to 75° in order to dissolve a small amount of disulfide. The
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TABLE
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VII

Tri-, TETRA-, AND HEXAMETHYLENEBIS(2-BENZOTHIAZOLESULFENAMIDES ) (CoxvienTioNan Meriion)

S\ /S
/@i CSNH(CH2), NHSC D\
R N/ NN R
Mole
Ratio % . . . o
Amine to  Yield, Empirical Nitrogen, % Sulfur, ‘¢
No. R = Amine Thiazole Crude M.P. Formula Caled. Found Caled. Found
NXXXVIIIT H 3 1,3-Propanediamine 5:1 77.5  106-107* CpH NS, 13.85 13.43 31.70 31.67
XXXXIX Cl 3 1,3-Propanediamine 6:1 8.5 170-172 CyHLCLN,S, 11.83 11.92 — —
1. H 4 1,4-Butanediamine 5:1 93.5 117-118% CisHzsN:Ss 13.38 13.05 30.64 30.03
LI Cl 4 1,4-Butanediamine 5:1 98.0 168-170  CigHisCleNsS: 11.49 11.56 — —
LII H 6 1,6-Hexanediamine 5:1 45.0 6668 CaoHae NSy 12.54 12.12 — —
LIII Cl 6 1,6-Hexanediamine 5:1 92.5 145-150° CyHuClLN,S, 10.87 11.40 — —

® Recrystallization from ethyl alcohol. ? Decomposed when a

product was collected bv a hot filtration and air-dried at
25-30°, The product, m,p. 330-332°, was obtained in 76.89,
vield,

ttempted to recrvstallize.

of benzene and air-dried at 25-30°, The product, m.p. 248-
250°, was ohtained in 96%; vield. A mixture melting point
with the product ohtained by Method I was not depressed.

Empirical Nitrogen, ¢ Sulfur, %
Compound M.P. Yield, % Formula Caled. Found Caled. Found
XXXIX 178-180 80.5 CisH12N4OoSe 15.72 15.76 17.99 17.92
XXXX 225-227 69.5 CaaH 16N 4048 12.96 12.97 14 .83 14.73

Anal. Caled. for CxHgpNO: N, 12,49, Found: N, 12.18.
Method 11. To a stirred solution containing 25 g, (0.1 mole)
of 4,4’-methyvlenebis(phenyl isocyanate) in 300 ml. of dry
benzene was added in one portion 19.9 g. (0.2 mole) of cyclo-
hexylamine. The stirred reaction mixture was heated at 78—
80° for 1 hr. After cooling to 25°, the solid was collected hy
filtration and air-dried at 25-30°. The produet, m.p. 330-
332, was obtained in 949% vield. A mixture melting point
with the product obtained by Method I was not depressed.
Anal. Caled. for CorH3eN3Os: N, 12,49, Found: N, 12.40.
1-Cyclohexyl-3-(3-1socyanato-p-tolylrea (XXXXII). To a
stirred cooled solution containing 51 g. ((1.193 mole) of N-
cyclohexyl-2-henzothiazolesulfenamide in 600 ml. of ethyl
ether was added in one portion 16.8 g. (0.097 mole) of toluenc
2,4-diisocyanate. The stirred reaction mixture was maintained
at 25-30° for 24 hr. The resulting solid was collected by
filtration, washed with 200 ml. of ethyl cther, and air-dried
at 25-30°. The product, m.p. 167-169°, was obtained in
Y19 yield. After recrystallization from chloroform-acetate
it melted at 168-169°.
Anal. Caled. for Cy;H4N;0»: N, 15.37. Found: N, 15.16.
3,8'-(4-M ethyl-m~-phenylene)bis(1-cyclohexylurea) (X XX X-
IIT). Method 1. To a stirred solution containing 19.8 g. (0.2
mole) of ¢yvelohexylamine in 150 ml. of heptane was added
dropwise 17.4 g. (0.1 mole) of toluene 2,4-diisocyanate.
The stirred reaction mixture was heated at 70-80° for 5 hr.
After cooling to 25°, the solid was collected by filtration,
washed with 100 ml. of benzene and air-dried at 25-30°.
The produet, m.p. 248-250°, was obtained in 96.8, vield.
Anal. Caled. for CyHpNyOs: N, 15.04. Found: N, 14.85.
Method 11. To a stirred cooled solution containing 17.4 g.
(0.1 mole) of toluene 2,4-diisocyanate in 200 ml. of benzene
9.9 g. (0.1 mole) of cyclohexylamine was added dropwise at
10-20° over a 10-min. pericd. External cooling was removed
and the reaction mixture was stirred at 25~30° for 1 hr.
The solid was collected by filtration, washed with 100 ml.

Anal. Caled. for CyH3z:N,O2: N, 15.04. Found: N, 14.85.

Benzothiazolesulfenamide (XXXXIV-LIII). Conventional
method. To a stirred aqueous slurry containing 0.25 mole of
2-mercaptobenzothiazole or 5-chloro-2-henzothiazole, 40
g. (0.25 mole) of 259, aqueous sodium hydroxide, and 50
ml. 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, sulfuric acid was added dropwise. To the stirred reac-
tion mixture was added drop by drop at 45-50° in 1.5 hr.,
151 ml. (14.9 g./100 ml.) (0.30 mole) of aqueous sodium
hypochlorite. The stirred reaction mixture was held at
these temperatures for 1 hr. longer. The excess oxidizing
agent was destroyved by the addition of 4 g. of sodium sulfite.
For all compounds except XXXXIV, XXXXV and XXXX-
VI, 400 ml. of water was added and the stirred reaction
mixture was cooled to 5°. The solid was collected by filtra-
tion, washed with water until the washings were neutral to
litmus, and air-dried at 25-30°, For NXXXIV, XXXXV
and XXXXVI, the cooled reaction mixture was extracted
with 500 ml. of ethyl ether and was filtered to remove any
disulfide. The ether extract was washed with water until
the wash water was neutral to litmus and dried over sodium
sulfate. The ether was removed in vacuo at a maximum tem-
perature of 30°. The data are summarized in Tables VI
and VIT,
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