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The reaction of some electrophilic reagents (bromine, acetyl chloride, 
and acetic anhydride) and of butyllithium on the zinc chelate of 2- 
mercapto-3-thenylidenecyclohexylamine (IIIa) is examined. Bro- 
ruination and acetylation of Ilia lead to fission of the chelate ring and 
the formation of a complex of thienoisothiazolium bromide with 
ZnBr2 (VIII), and the corresponding dithienodithiocine (X). Butyl- 
lithium combines with the C=N double bond of the chelate ring 
(IIIa), with the formation of the chelate XlII. 

Invest igat ions  into the reac t iv i ty  of chelated c o m -  
pounds,  and in p a r t i c u l a r  of those fo rmed  by a romat ie  
l igands with ex te rna l  donor atoms,  are  re levan t  to a 
number  of most  i n t e r e s t i ng  but hi therto l i t t le i n v e s -  
t igated ques t ions  of the chemis t ry  of complex c o m -  
pounds. There  is in fact in  these sy s t ems  the p o s s i b i -  
l i ty of observ ing  the f ines t  d is t inc t ions  in behavior  
dependent,  on the one hand, on changes in  the type of 
meta l ,  i ts  va lency  state and coordinat ion  number ,  and 
on the other  hand on the nature  of the ligand. The de-  
f ic iency of data re la t ing  to this quest ion may in  par t  
be a t t r ibuted  to  the l imi ted  number  of types of chelate 
containing a romat ic  or he te roa romat i c  r ings  (while 
this work was being c a r r i e d  out, a shor t  c o m m u n i c a -  
t ion [1] appeared on the b romina t ion  of copper  chelates  
of sa l icyla ldehyde and of 8-hydroxyquinot ine  with c u -  
pr ic  bromide .  In the f i r s t  ease,  t r ea tmen t  of the r e -  
act ion product  with hydrochlor ic  acid gave 5 - b r o m o -  
sal icylaldehyde) .  

Special  i n t e r e s t  pe r t a ins  to chelate containing 
thiophene or fu ran  r ings  which are able (as dis t inct  
f rom the benzene  r ing)  read i ly  to undergo reac t ions  
not only with e lec t rophi l ic ,  but also with some nu-  
cleophie reagen ts .  The cha rac t e r  of the p roces s  here  
is  dependent to a large extent on the s tab i l i ty  of the 
chelate r i ng  which, as shown in the case of the meta l  
ace ty lace tona tes  [2], is  de t e rmined  by the nature  of 
the meta l  and, to a l e s s e r  extent,  by exchanging one 
reagent  for another  [3]. 

Some in fo rmat ion  has been given [4] on the reac t ion  
of b romine  and N-b romosuce in imide  with 2 - m e r c a p t o -  
5 - a l k y l - 3 - t h e n y l i d e n e i m i n e s  of type I and the i r  zinc 
and nickel  chela tes  IIa and IIb. 

/ C H = N R  CH=NC~HII / C H = N c ~ H I I  

lY-71 [ ~ /  .3~/~ ~ >;,, .  
c 2 H s / \ S / \  S .  c~ n s / N  s y \  s /  L X s , ~ \  s / /  
la R =tt  IIa ~,l=Zrt I l i a  M = Z n  
Ib  R = cyclo --CBH H l ib  h~ = Ni I l l b  M = Ni 

The p resence  of subs t i tuen ts  in the 5 -pos i t ion  of the 
thiophene r ing  in  this  sys t em prec luded  the poss ib i l i ty  

*For  par t  XVI, see [16]. 

of subs t i tu t ion  at this reac t ive  center  of the molecule .  
Therefore ,  we undertook the p r e pa r a t i on  of chelates  of 
type II with one f ree  G-posi t ion  in the thiophene r ing,  
accord ing  to the scheme.  

/Br /CHO I /CH(OR)2 /CH(OR)2 ~ '  I. C~H9 Li 

IV R=C2H 5 

2Na/NH 3 ~ . ~ C H = N H  - -  ~ C H ~ N - - C 6 H I I  

SH SH 
v Vl 

vi i  111a,b 

2-EthyImercapto-3-thiophenealdehyde diethyl aaetal 
(IV) was obtained in  74% yield  by the success ive  r e a c -  
t ion of butyl l i th ium and diethyl disulfide with 3 - th io -  
phenealdehyde diethyl acetal .  If, ins tead  of diethyl 
disulf ide,  su l fur  and ethyl iodide were  used [5], the 
yie ld  of the sulfide IV fel l  to 34%. The aeeta l  IV and 
2 equivs,  of sodium in  liquid ammonia ,  under  the con-  
di t ions desc r ibed  prev ious ly  [6], afforded 2 - m e r c a p t o -  
3 - theny l idene imine  (V). React ion of this  with p r i m a r y  
amines  gave, as with i ts  homolog Ia, the Schiff 's  bases  
(VI and VII), which gave with me ta l  aceta tes  the che-  
la tes ,  for  example IIIa and IIlb. Compounds Ia and V 
differ in  that Ia has a definite me l t ing  point,  while V 
does not mel t  on heating to 360 ~ C, apparent ly  because  
of i ts  abi l i ty  to po lymer ize  at the G-pos i t ion  of the 
thiophene r ing  by v i r tue  of the iminomethy l  group. 

Inves t iga t ions  into the r eac t ion  of b romine  in  chlo-  
ro fo rm with the zine chelate I l ia  showed that, as also 
in  the case of i ts  5 - subs t i tu ted  homolog [4], at tack oc-  
c u r r e d  in i t i a l ly  on the chelate r ing,  leading to the 
eventual  fo rma t ion  of 2-cyc lohexyl th ieno[3 ,2-d] i so th ia -  
zol ium bromide ,  which sepa ra t ed  as the complex with 
zinc bromide  (VIII). The same bicycl ic  sys t em is 
fo rmed  on b romina t ion  of the Schiff 's  base (VI) as the 
pe rb romide  IX. The UV spe c t r a  of VIII and IX r e s e m -  
ble c lose ly  those of the i r  homologs bea r ing  subs t i tuents  
in  the 5-pos i t ion  (ef. 4). Thus, in ne i the r  case is  the 
subs t i tu t ion  of the G-hydrogen atom of the thiophene 
r ing  observed.  

B,o [ ~ s ~  ] ~r z,B,o ,,,,, ltla ~ 2 __CsHjl . 

~1 ~ __C6HI l B r '  Br 2 IX 

It s eemed  p re fe rab le  to a t tempt  to in t roduce another  
type of subs t i tuen t  into the G-pos i t ion  of the complex 
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Fig., I. UV Spectra (in ethanol): i) complex of 2-eyelohex- 
ylthieno[3, 2-d]isothiazolium bromide with ZnBr 2 (VIII) 2) 2- 
cyclohexylthieno[3, 2-d]isothiazolium bromide perbromide 

(IX). 
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Fig. 2. IR Spectra (in CHC13): 4, 9-di(N-acetyl-N-eyclohexylamino)-4H, 9H- 
dithieno[2, 3-b. 2', 3 '-f ]-5, 10-dithioeine (X); 2) 4, 9-di-(N-acetyl-N-cyclohex- 

ylamino~-2, 7-diethyl-4H, 9H-dithieno[2, 3-b: 2 ', 3 '- f ]-5, 10-dithiocine (XI). 
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Fig. 3. IR Spectra (in CHC13): 1) 2-mercapto-3-thenyl idenecyclo hexylamine (VI); 
2) bis(2-mercapto'-3-thenylidenecyclohexylamine)zinc (ma); 3) b is [2-mercapto-3-  

(~-butyl)thenylidenecyclo hexylamine]zinc (XIII). 
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IIIa, under  d i f fe ren t  condi t ions .  F o r  th is  p u r p o s e ,  we 
chose  aey la t i on  with ace t i c  anhydr ide  in the p r e s e n c e  
of bo ron  t r i f l u o r i d e  e t h e r a t e ,  which had been  used  
s u c c e s s f u l l y  to in t roduce  the ace ty l  g roup  in m e t a l  
a c e t o n y l a c e t o n a t e s  without  d i s rup t i on  of the che la t e  
r ing  [7]. In th is  c a se  a l so ,  however ,  the d e s i r e d  end 
was  not ach ieved ,  s ince  we s u c c e e d e d  in i s o l a t i n g  
f r o m  the r e a c t i o n  m i x t u r e  only a c o l o r l e s s  compound 
conta in ing  no m e t a l ,  mp  202-203  ~ C (X), having the 
c o m p o s i t i o n  C~HI~NOS 2. The s a m e  compound was  o b -  
t a ined  by the d i r e c t  t r e a t m e n t  of the Schi f f ' s  b a s e  VI 
with ace t i c  anhydr ide :  

(CHsCO)~O (CHsCO)20 
I l i a  (CIaHtTNOS2)  2 - VI 

B Fs'(C2 H~)~O X 

2 - M e r c a p t o - 5  - e t h y l - 3  - t heny l i denecyc  lohexy lamine  
(Ib) and ace t i c  anhydr ide  s i m i l a r l y  a f fo rded  the a c e t y -  
fa ted  compound (XI) with the c o m p o s i t i o n  CIsH21NOS2, 
mp 193-195  ~ C. It i s  i n t e r e s t i n g  that ,  on t r e a t m e n t  of 
Ib with ace ty l  ch lo r ide ,  we s u c c e e d e d  only in i s o l a t i n g  
c y c l o h e x y l a m i n e  h y d r o c h l o r i d e  and not the c o r r e -  
sponding  ace ty l  d e r i v a t i v e .  Ace ty l  ch lo r ide  t h e r e f o r e  
c a u s e s  the r a p i d  b r eakdown  of the che la t e  r i n g s  of both 
c o m p l e x e s  I Ia  and IIIa,  with the f o r m a t i o n  of d e r i v a -  
t ives  XI and X. 

As r e g a r d s  the r e a c t i o n  with ace t i c  anhydr ide  in 
the absence  of B F  3 e t h e r a t e ,  c h e l a t e s  of types  II and 
III show s i m i l a r  p r o p e r t i e s ,  but the r e a c t i o n  p r o c e e d s  
Somewhat  m o r e  s lowly;  a f t e r  b r i e f  contac t  they r e m a i n  
unchanged,  and only on p r o l o n g e d  t r e a t m e n t  ( f rom 
s e v e r a l  hours  to s e v e r a l  days)  i s  f i s s i o n  of the r ing  
o b s e r v e d  with f o r m a t i o n  of X and XI. It m a y  be s u g -  
g e s t e d  that  X and XI a r e  the S - a c y l  d e r i v a t i v e s  (Xa 
and XIa). However ,  the c o n s i d e r a b l y  r e d u c e d  m e l t i n g  
po in ts  by c o m p a r i s o n  with the s t a r t i n g  Schi f f ' s  b a s e s  
Ib and VI, and a l so  the absence  in the IR s p e c t r a  (Fig.  
2) of a b s o r p t i o n  bands  c h a r a c t e r i s t i c  of pheny l th ioaey l  
d e r i v a t i v e s ,  andthe  p r e s e n c e  of bands  in the 1630 cm -1 
r e g i o n  as  o b s e r v e d  fo r  the C = O  group in N , N - d i s u b -  
s t i t u t ed  a m i d e s  make  this  sugges t ion  i m p r o b a b l e .  At 
the p r e s e n t  t i m e ,  the r e s u l t s  of m o l e c u l a r  weight  d e -  
t e r m i n a t i o n s  and r educ t i ve  d e s u i f u r i z a t i o n  by Raney  
n icke l  of compound XI l ead ing  to the f o r m a t i o n  of N-  
2 - m e t h y l h e x y l - N - c y c l o h e x y l a c e t a m i d e  (XII) a g r e e  be s t  
with the d i th ienod i th ioc ine  s t r u c t u r e  XIb a r i s i n g ,  a p -  
p a r e n t l y ,  by m i g r a t i o n  f r o m  the su l fu r  to the n i t rogen  
a tom.  

R'--~/--C OCH. 

, f l ~ ] j  F/, C ft - N R '  / C H - - S \ - - S  / R  

R / \ S  ",SCO CHs 

Xa R=H,XIa R=C,2H 5 HaCOC--N--R' 

X b R = l t ,  X lb  R = C : I I  5 
R' = cyclo -- C6H u 

Xlb ,Ni skeletal, Co H~CH2 CH2C H CH2 N _ %  H H X l l  

CH 3 COCH 3 

To s u m m a r i z e ,  i t  m a y  be s a i d  that  the p r e s e n c e  in 
the c h e l a t e s  of type lII,  of the e x t r e m e l y  r e a c t i v e  h e t -  
e r o c y c l i c  r i n g  with  a f r e e  s - p o s i t i o n  does  not r e s u l t  
in any change in the pos i t i on  of e l e c t r o p h i l i c  a t t ack  in 
c o m p a r i s o n  with t h e i r  unsubs t i t u t ed  ana logs .  As in 

s i m i l a r  s y s t e m s ,  the p r o c e s s  involving the che la te  
r i ng  p r e d o m i n a t e s ,  l ead ing  u l t i m a t e l y  to r i ng  f i s s ion .  
Deac t iva t ion  of the thiophene r i ng  a p p a r e n t l y  p l a y s  a 
m a j o r  p a r t  in the ef fec t  under  examina t ion .  It m a y  be 
s u g g e s t e d  that  the m e t a l  a tom,  ma in t a in ing  the c o -  
p l a n a r i t y  e s s e n t i a l  fo r  m a x i m u m  conjugat ion,  i n t e r -  
ac t s  s y n e r g e t i c a l l y  with the n i t rogen  a tom in wi th -  
d rawing  e l e c t r o n s  f r o m  the a r o m a t i c  s y s t e m .  In th is  
connect ion ,  i t  is  i n t e r e s t i n g  to note that ,  a cco rd ing  to 
[8], a p ro ton  has  g r e a t e r  effect  than a m e t a l  in th is  
s i tua t ion .  

I t  was  n a t u r a l l y  to be supposed  that  m e t a l l o - o r g a n i c  
compounds ,  be ing  nuc leophi l i c  r e a g e n t s ,  might  a t t ack  
o the r  c e n t e r s  in the m o l e c u l e s  of the c o m p l e x e s  IIIa 
and i t s  homolog  IIa.  Ac tua l ly ,  in these  che la t e  i t  i s  
p o s s i b l e  fo r  coo rd ina t ion  to o c c u r  at the thiophene 
su l fu r  a tom,  a p r o c e s s  p r e c e d e d  by the m e t a l l a t i o n  of 
the thiophene r ing  by n -bu ty l l i t h ium (BL) [9]. Such a 
d i r e c t e d  p r o c e s s  would l ead  in the ca se  of the che la te  
IIIa  a f t e r  ca rbona t ion ,  to the f o r m a t i o n  of the c o r r e -  
sponding c a r b o x y l i c  acid.  

The r e s u l t s  of our  e x p e r i m e n t s  on the r e a c t i o n  of 
BL with che l a t e s  of the type of II and III s t i l l  do not 
g ive  a ful l  p i c tu re  of the r e a c t i o n s  o c c u r r i n g  under  
these  condi t ions .  Br i e f  t r e a t m e n t  (1 -2  hr)  of IIIa with 
2 equiv,  of BL, fo l lowed by t r e a t m e n t  with w a t e r ,  led  
to a l m o s t  to ta l  r e c o v e r y  of unchanged m a t e r i a l .  A 
s i m i l a r  p i c t u r e  i s  o b s e r v e d  with the che la te  IIa.  If, 
however ,  the number  of equ iva len t s  of BL and the 
t ime  of r e a c t i o n  w e r e  i n c r e a s e d ,  for  e xa mp le  by k e e p -  
ing a so lu t ion  of IIIa and BL in the p r o p e r t i o n s  1 �9 4 
in e t h e r  so lu t ion  overn igh t ,  then a s m a l l  quant i ty  of a 
c o l o r l e s s  c r y s t a l l i n e  so l id ,  mp 180-182  ~ C, was  ob -  
t a ined .  By i t s  e l e m e n t a l  a n a l y s i s  and m o l e c u l a r  weight ,  
th is  compound has  the f o r m u l a  XIII. Under  the s a m e  
condi t ions ,  the che la te  IIa did not g ive  a pu re  p roduc t .  

i l i a  
C~HgLi 

H20 

C•H• 
/ i ~ 9  NH__C~ HI, t HC] / C H - - N  H--C6HII 

\ s 2 \ s _ / ~  
Kill KIV  

The amount  of XIII was i n c r e a s e d  s u b s t a n t i a l l y  by  
us ing  8 equivs ,  of BL, the y i e l d  in some  c a s e s  r e a c h -  
ing 50%. The s t r u c t u r e  of XIII, f o r m e d  by  the c o m -  
b ina t ion  of 2 m o l e c u l e s  of BL with the che la te  IIIa,  i s  
a l so  in a g r e e m e n t  with the changes  in the IR s p e c t r u m  
of the l a t t e r .  The s p e c t r u m  of XIII shows no a b s o r p -  
t ion band due to the coo rd ina t ed  C-----N bond which o c -  
cu r s  c l e a r l y  in the s p e c t r u m  of the s t a r t i n g  che la t e  
IIIa  at  1607 cm -1, and a band a p p e a r s  in the 3235 cm -1 
r eg ion ,  p o s s i b l y  due to s t r e t c h i n g  of the c o o r d i n a t e d  
NH group (Fig.  3). T r e a t m e n t  of the che la te  XIII with 
conc.  HC1 g ives  a h y d r o c h l o r i d e  conta in ing no me ta l ,  
the compos i t i on  of which c o r r e s p o n d s  to compound 
XIV. The o b s e r v e d  c o n v e r s i o n  r e p r e s e n t s  ye t  ano ther  
e xa mp le  of the combina t ion  o f ' m e t a l l o - o r g a n i c  c o m -  
pounds  with the azometh ine  bond, d e s c r i b e d  for  a r o -  
m a t i c  and a l ipha t ic  a l d i m i n e s  [10], and for  py r id ine  
b a s e s  [11, 12]. Since,  however ,  the n i t rogen  a tom in 
the che la te  IIIa i s  coord ina ted ,  be ing  p a r t  of the c h e -  
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l a t e  r i n g ,  t h e  f o r m a t i o n  o f  XII I  m u s t  a p p a r e n t l y  p r o -  

c e e d  b y  s o m e  m e c h a n i s m  o t h e r  t h a n  t h o s e  d e s c r i b e d .  

W e  n o t e  i n  t h i s  c o n n e c t i o n  t h a t  a d d i t i o n  o f  e v e n  2 

e q u i v ,  o f  B L  to  a s u s p e n s i o n  o f  t h e  c h e l a t e  I I I a  i n  

e t h e r  r e s u l t s  i n  i m m e d i a t e  d i s s o l u t i o n  o f  t h e  c h e l a t e  

w h i c h ,  a s  h a s  a l r e a d y  b e e n  p o i n t e d  o u t ,  m a y  b e  r e -  

c o v e r e d  o n  t r e a t m e n t  w i t h  w a t e r .  

T h e  r e m a i n i n g  u n a n s w e r e d  q u e s t i o n  i s ;  d o e s  t h e  B L  

c o o r d i n a t e  w i t h  t h e  s u l f u r  a t o m  o f  t h e  t h i o p h e n e  r i n g  

a t  a n y  s t a g e  o f  t h e  r e a c t i o n ?  E x p e r i m e n t s  c a r r i e d  o u t  

to  a n s w e r  t h i s  q u e s t i o n  l e d  to  t h e  f o l l o w i n g  r e s u l t s :  

w i t h  2 e q u i v s ,  o f  B L  a t  t h e  b o i l  f o r  1 - 2  h r ,  f o l l o w e d  

b y  t r e a t m e n t  w i t h  c a r b o n  d i o x i d e ,  t h e  c h e l a t e  I I I a  w a s  

r e c o v e r e d  U n c h a n g e d ;  n o  c a r b o x y l i c  a c i d  w a s  o b s e r v e d  

e i t h e r  a f t e r  t r e a t m e n t  w i t h  8 e q u i v s ,  o f  B L  a n d  k e e p i n g  

o v e r n i g h t .  In  t h i s  e a s e ,  t h e  p r o d u c t  w a s  a n  o i l ,  f r o m  

w h i c h  o n  t r e a t m e n t  w i t h  a c i d  t h e r e  w a s  s e p a r a t e d  a 

l i t t l e  o f  t h e  h y d r o c h l o r i d e  X I V .  

I t  m a y  t h e r e f o r e  b e  s t a t e d  t h a t ,  i n  t h e  c o m p e t i t i o n  

f o r  t h e  b u t y l l i t h i u m  b e t w e e n  t h e  s u l f u r  a t o m  o f  t h e  

t h i o p h e n e  a n d  t h e  c o o r d i n a t e d  a z o m e t h i n e  g r o u p ,  t h e  

c o n d i t i o n s  f a v o r  t h e  l a t t e r .  

EXPERIMENTAL 

2-gthylmercapto-3-thiophenealdehyde diethyl acetal (IV). To 
77 g (0.42 mole) of 3-thiophenealdehyde [13] in 150 ml of dry ether 
at - 4 0  ~ C was added a solution of 27 g (0.42 mole) of butyllithium 
in 220 ml  of ether, also previously cooled to --40~ C. The reaction 
mixture was stirred for 30 rain at --30~ kept for 1 hr without cool- 
ing, and a solution of 51.5 g (0.42 mole) of diethyl disulfide in 75 ml  
of ether added at --40 ~ C. The resulting white suspension was stirred 
for 2 hr without cooling, kept overnight and hydrolyzed with water. 
The aqueous layer was separated, extracted with ether, the ether 
extract washed with 1090 NaOH and water, and dried over magnesium 
sulfate. Distillation afforded 75.2 g (74% yield) of the acetal IV, 
bp 113-114 ~ C (3 ram); nD 2~ 1.6239; d42~ 1.0867. Found, %: C 53.70, 
53.69; H 7.28, 7.38; S 26.31, 26.23; MR D 69.38. Calculated for 
CIjHlaOsSs, 90: C 53.61; H 7.36; S 26.03; MR D 69.09. 

2- gthylmercapto-a-thiophenealdehyde 2, 4-dinitrophenylhydra- 
zone, mp 167-168~ (from ethanol). Found, %: C 44.48, 44.53; 
H 3.59, 3.64; S 18.14, 18.29. Calculated for C.3H12N404Sz, %: 
C 44.30; H 3.43; S 18.20. Semicarbazone, mp 194-195~ (from 
ethanol). Found, %: N 18.16, 17.96. Calculated for CsHIIN3OSs, %: 
N 18.35. 

2-Mercapto-3-thenylideneimine (V). Prepared as previously de- 
scribed [6] from 20 g (0.081 mote) of the acetal  IV and 3.75 g 
(0.163 g-at)  of sodium in 200 ml  of liquid ammonia,  in 83% 
yield. Sparingly soluble in hot ethanol, chloroform, and ethyl ace- 
tate, soluble in dimethylformamide and tetrahydrofuran. After two 
recrystallizations from ethyl acetate, the imine did not melt on 
heating on a block at 360~ C. Found, %: C 41.86, 41.95; H 3.43, 
3.38; S 44.45, 44.43. Calculated for CsItsNSs, %: C 41.93; H 3.52; 
S 44.77. 

2-Mercapto-3-thenylidenecyclohexylamine (VI). A suspension of 
9.5 g (0.066 mole) of the imine V in 30 ml of ethanol and 6.6 g 
(0.067 mole) of cyclohexylamine were heated for several minutes 
until the  solid had completely dissolved, filtered, and cooled to give 
yellow crystals of the 8chiff's base. Yield 12.9 g (87~ of VI, which 
after two crystallizations from ethyl acetate melted at 103.5-105 ~ C. 
Found, %: C 58.72, 58.86; H 6.67, 6.53; S 28.41, 28.56. Calculated 
for CjaH~sNS2, 90: C 58.62; H 6.71; S 28.46. 

2-Mercapto-3-thenyl idene-B-naphthylamine (VII). Prepared as 
described above, from a suspension of the imine V in ethyl acetate 
and an alcoholic solution of B-naphthylamine. After two recrystalli- 
zations from ethyl acetate, obtained as red crystals, mp 169.6- 

170.5 ~ C. Found, 9o: C 66.51, 66.59; H 4.16, 4.07; S 23.93, 23.71. 
Calculated for C~HxtNSs, %: C 66.88; H 4.11; S 23.81. 

Bis(2-mercapto-3-thenytidenecyclohexylamine)zine (IIIa). To a 
hot alcoholic solution of 3.7 g (0.016 mole) of the Schiff's base VI 
was added a solution of 1.8 g (0.01 mole) of zinc acetate  in methanol. 
The lustrous yellow crystals were filtered off and twice reprecipitated 
from chloroform with methanol t o give 3.7 g (879~ of the zinc che- 
late IIIa, mp 224-225~ Found, 90: C 51.10, 51.40; H 5.50, 5.38; 
S 24.99, 24.70; Zn 12.83, 13.10. Mol. wt. 516.7 (by the ebullioscopic 
method, in benzene). Calculated for CssH~N2S4Zn , 90: C 51.40; 
H 5.48; S 24.95; Zn 12.72; mol. wt. 514.1.. 

Bis(2- mer capt o-3-  thenylidenecyclohexylamine)nickel (IIIb). 
Obtained in similar way to the chelate IIIa from the Schiff's base VI 
and nickel acetate in methanol.  After two reprecipitations from chlo- 
roform with methanol,  violet crystals mp 207-208.5 ~ C. Found, %: 
C 51.81; 51.81, H 5.57, 5.43; Ni 11.75, 11.80. Calculated for 

C22H~NsS4Ni, %: C 52.07; H 5.56; Ni 11.57. 
(2: Mercapto-3-thenylidenecyclohexylamine)copper.  From 2.2 g 

(0.01 mole) of the Schiff's base VI and 1 g (0.008 mole) of copper 
acetate in methanol  there was obtained 1.3 g of the  Cu (I)-chelate 
of 2-mercapto-3- thenyl idenecyctohexylamine,  mp 270-280" C 
(decomp.) after two recrystallizations from dimethylformamide. 
Found, 90: C 45.57, 45.60; H 4.72, 4.71; S 22.04, 21.84; Cu 21.49, 
22.01. Calculated for C,,H~NSsCu, %: C 45.88; H 4.90; S 22.07; 
Cu 22.08. 

The action of bromine on bis(2-mercapto-3-thenylidenecyclo- 
hexylamine)zinc (IIIa). To 0.5 g (1 mM) of the chelate Ma in 5 ml 
of chloroform was added gradually 0.3 g (2 raM) of bromine in 1 ml 
of chloroform. The mixture was kept for 1 hr at 20 ~ C, the precipitate 
filtered off, washed with chloroform and twice recrystallized from 
a mixture of alcohol and ether. The resulting complex of 2-cyclo-  
hexylthieno[3, 2-d]isothiazolinm bromide and zinc bromide (VIII) 
melted at 195-196 ~ C. Found, %: C 32.05, 32.02; H 3.39, 3.42. 
Calculated for CssH~BrzNsS4 �9 ZnBrs, %: C 31.69; H 3.38. 

2-Cyclohexylthieno[3, 2-d]isothiazolium bromide perbromide (IX). 
To a solution of 0.4 g (1.8 mM) of 2-mercapto-3-theny!idenecyclo-  
hexylamine in 5 ml of chloroform was added gradually 0.6 g (3.7 raM) 
of bromine in 2 ml of chloroform. The mixture was heated for 30 
rain at 40-50 ~ C, and the chloroform removed in vacuo to give 0.85 g 
of the perbromide IX as a brown powder which after two recrystalliza- 
tions from chloroform melted at 110-111 ~ C. Found, %: C 29.11, 
29.15; H 3.01, 3.18; Br 51.82, 51.32; 8 13.85, 13.73. Calculated for 
CiiHI4BraNSs, %: C 28.47; H 3.04; Br 51.66; 8 13.82. 

4, 9-Di(N-acetyl-  N-cyelohexylamino)-4H~ 9H-dithieno[2, 3- 
b.2',a'-f]-5,10-dithiocine (Xb). A 0.4 g (1.8 mM) quantity of the 
8chiff's base VI in 5 ml of chloroform and 1 ml  of freshly-distilled 
acetic anhydride were kept for 12 hr at 20* C. The solution was fil- 
tered and evaporated in vacuo giving 0.6 g of a red oil, which on 
treatment with chloroform and ether was converted into a colorless 
powder. After two reprecipitations from chloroform with ether, the  
dithienothiocine X melted at 202-203 ~ C. Found, %: C 57.80, 
67.69; H 6.45, 6.25; S 23.78, 23.64. Calculated for CNH34N2OsS4, 
%: C 58.38; H 6.41; S 23.98. 

4, 9-Di(N-aoetyl-N-cyclohexylamino)-2,  7-diethyl-4H, 9H- 
dithieno[2, 3-b:2 ' ,  3 ' - f ] -5 ,10-d i th loc ine  (XIb), Obtained similarly 
to X from the Schiff's base Ib in 509o yield. After two reprecipitations 
from chloroform with ether, it was obtained as colorless crystals, 
mp 193-194.5~ Found, %: N 4.83, 4.72; tool. wt. 566, 605 (deter- 
mined cryoscopically in bromoform). Calculated for Cs0H4sNsOsS4, %: 
N 4.74; tool. wt. 590.9. 

Acylation of bis(2-mercapto-3-thenylidenecyelohexylamine)zinc 
(IIIa). To 0.5 g (1 mM) of the chelate Ilia in 15 ml of benzene and 
0.24 g (2.4 raM) of acetic anhydride was added dropwise under a 
stream of nitrogen 0.3 ml of boron trifluoride etherate. The mixture 
became turbid, and a yellow oil separated. After 1 hr, 16 ml of an 
aqueous solution of potassium acetate was added, and the mixture 
stirred for 15 rain. The organic layer was separated, washed with 
water and dried over MgSO4. Removal of the benzene gave 0.5 g of 
red oil, which on treatment with a mixture of alcohol and ether was 
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converted into a white powder. After reprecipitation from chloroform 
with ether, the acetyl derivative melted at 20~-2(~5 ~ C (decomp). A 
mixed mp with the dithienothiocine X obtained from 2-mercapto-3- 
thenylidenecyclohexylamine (see above) gave no depression. Found, 

%: S 23.97; 23.68. Calculated for Cz6Hs4N202S4, %: S 23.98. 
The action of acetic anhydride on bis(2-mercapto-3-thenylidene- 

cyclohexylamine)nickel (IIIb). A 0.5 g (1 mM) quantity of the chelate 
IIIb in 5 ml of chloroform and 1 ml of acetic anhydride were kept at 
room temperature for several days. The violet color of the solution 
gradually faded, and a yellow precipitate separated. The solvent was 
distiIled off in vacuo, the residue washed repeatedly with hot water 
until a sampIe gave a negative test for nickel, fiitered off and twice 
reprecipitated from chloroform with dry ether to give 0.3 g of metal- 
free colorless powder, mp 202-203 ~ C. A mixed mp with a sample of 
the dithienothiocine X obtained previously gave no depression. 

The action of acetyl chloride on bts(2-mercapto-5-ethyl-a- 
thenylidenecyclohexylamine)nickel (Ilb). To 0.5 g (about 1 raM) of 
the chelate IIb in 5 ml of chloroform was added 0.26 m1 (a twofold 
excess) of acetyl chloride (in order to remove acidic impurities, the 
acetyl chioride was treated with K2CO a before distilling). The violet 
color of the solution faded rapidly and a yellow solid separated. The 
solid was filtered off (nickel chloride), and the filtrate washed with 
wager and 10~ Na2COs, and dried over MgSO4. After removal of the 
chloroform there was obtained 0.25 g of the di(ethylthieno)dithiocine 
XI, mp 193-t95 ~ C (after reprecipitation from chloroform with ether). 
Found, %: C 60.23, 60.19; H 7.38, 7.14; S 21.54, 21.45. Calculated 
for Cs~H42N202S4, %: C 60.97; H 7.16; S 21.70. A mixed mp with a 
sample of XI obtained previously (see above) gave no depression. 

Reduerive desulfurization of the di(ethylthieno)dithiocine xIb. 
A suspension of 3 g (0.005 mole) of the dithiooine XIb and 20 g of 
skeletal nickel in 150 ml of ethanol was stirred for 5 hr at 60-70 ~ C. 
A sample of the filtrate at this point gave a negative test for sulfur. 
The solid was filtered off and washed with ethanol, the ethanol dis- 
tii1ed off, the residue dissolved in ether, and dried over MgSO4. 
Removal of the ether gave 2,15 g of a clear oil, nDz~ 1,4780, which 
on distillation afforded 1.8 g (63.5%) of 2-methylcyclohexylaceta- 
mide (XII), bp 134-135.5"C (3 mm); nD z~ 1.4775. Found, %: C 75.18, 
75.09; H 12.00, 12.09. Calculated for CIsH2sNO , %: C 75.25; H 12.21. 

The action of acetyl chloride on 2-mercapto-5-ethyl-3-thenyl- 
idenecyclohexylamine (Ib), A mixture of 0.5 g (2 raM) of the Schiff's 

base Ib, and 0.2 ml of freshty-distilled acetyl chloride was kept for 
t2 hr. The solvent was removed in vacuo, the residue washed with 
ether and repreeipitated from alcohol with dry ether to give 0.2 g 
(74%) cf eyclohexyIamine hydrochloride, mp 205-206" C. Found, %: 
C 52.72, 53.02; H 10.54, 10.42. Calculated for C6HIsN �9 HC1, %: 
C 53.13; H 10.40. A mixed mp with a sample of the hydroehloride 
obtained by heating cyclohexylamine with cone. hydrochloric acid 
with mp 205-206 ~ C gave no depression [in literature, mp 206 ~ C], 

The action of butyllithium on bis(2-mercapto-3-thenylidenecy- 
clohexylamine)zinc(IIIa). To a suspensionof i g (2 raM) of the chelate 
IIIa in 20 ml of ether was added gradually, in a stream of nitrogen, 
1 g (8 equiv. ) of butyllithium in ether. After the addition of 2 equiv. 
of butyllithium, the chelate dissolved completely. The solution was 
boiled for 1 hr, kept overnight and hydrolyzed with water, with cooI- 
ing. The ether layer was separated, the aqueous layer extracted thor- 
oughly with chloroform, the combined solutions washed with water 
and dried over magnesium sulfate. Removal of the solvents gave 
1.3 g of a dark-colored oil, which on trituration with ethanol gave a 

white powder. The powder was filtered off and twice reprecipitated 
from chloroform with ether or pentane giving 0.3 g of bis[2-mercapto- 
3-(c~-butyl)-thenylcyclohexylamine]zinc (XIII), mp 180-182.5 ~ C. 
Found, %; C 5%07; 57.14; H 7.39; 7.76; S 19.56; 20.06; Zn 10.58; 

10.51. mot. wt. 644.9(by the ebullioscopic method in benzene). Cal- 
culated for Cs0H4sN2SaZn, %: C 57.16; H 7.67; S 20.35; Zn 10.37; 
tool. wt. 630.3. 

2-Mercapto-3-(a-butyI)thenylcyclohexylamine (XIV), A 0.1 g 
quantity of the chelate XIII and 2 ml of cone. HC1 were boiled for 
10-15 rnin. The precipitate was filtered off, washed with water and 
twice reprecipitated from ethanol with dry ether to give 0.06 g (54~ 
of the hydroehloride XIV, mp 160-162 ~ C. Found, %: C 56.41; 
56.21; H 8.40; 8.56; C1 10.56; 10.54. Calculated for CIaH2aNS 2 �9 HC1, 
%: C 56.30; H 8.20; C1 11.08. 
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