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INTRODUCTION

I

When V ic to r  Meyer made h i s  amazing d is c o v e r y  o f  

th io p h en e  in  b e n z e n e ^  he found th a t  t h i s  new compound 

was rem arkably s im ila r  to  benzene in  ch em ica l and p h y s ic a l  

p r o p e r t ie s  and th a t  b oth  compounds o f t e n  form ed d e r iv a t iv e s  

w hich had corresp on d in g  s i m i l a r i t i e s ^ .  In  a d d it io n  

many o f th e  r e a c t io n s  w hich b en zen o id  compounds undergo  

are a l s o  d i s t i n c t i v e  r e a c t io n s  o f  th iop h en e  and i t s  de­

r i v a t i v e s .  These r e a c t io n s  in c lu d e  th e  t y p ic a l  s u b s t i ­

t u t io n  r e a c t io n s  o f  benzene I t s e l f  -  n i t r a t io n ,  b rom in ation  

c h lo r in a t io n ,  a c y la t io n  and a lk y la t io n  -  and s u b s t i t u t io n  

r e a c t io n s  such as c h lo r o m e th y la t lo n , m ercu ration  and 

o th e r s  w hich r e q u ir e  a benzene r in g  whose r e a c t i v i t y  i s  

enhanced by th e  proper s u b s t i t u t io n .  These a n a lo g ie s  

can be drawn to  a rem arkable d e g r e e , and u n fo r tu n a te ly  

o f t e n  le d  t o  in c o r r e c t  c o n c lu s io n s  about th e  ch em istry  

o f  th io p h e n e . With more and more work in  t h i s  f i e l d  

th e  e x te n t  o f  the a n a lo g ie s  became more c le a r ly  d e f in e d ,

and th e  im portant d i f f e r e n c e s  betw een th e s e  two ty p e s
(■>)

o f  compounds became more e v i d e n t ' - .

(1 )  V* M eyer, D ie T hiophenegruppe, B raunschw eig , 1 8 8 8 , p . l .
(2 )  W. S te in k o p f , D ie  Chemie d es  T h iop hens, Theodor 

S te in k o p f f ,  D resden and L e ip z ig ,  19^ 1, p p • 15* Ik-*
(3 )  H. D. H artough, The C hem istry o f  H e te r o c y c l ic  Compounds 

Thiophene and i t s  D e r iv a t iv e s ,  I n t e r s c ie n c e  P u b lis h e r s ,  
New Y ork, 1952* PP* 156-157*
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The r e la t io n s h ip s  betw een  b en zen o ld  arom atic com­

pounds and t h e i r  n on -arom atic  o x id a t io n  d e r iv a t iv e s ,  

q u in o id a l compounds, have been e x te n s iv e ly  s tu d ie d  and w e l l  

e s t a b l i s h e d .  These same r e la t io n s h ip s  betw een  th e  normal 

arom atlo th iop h en e d e r iv a t iv e s  and compounds an a logou s to  

quinone d e r iv a t iv e s  are  l e s s  w e l l  known. F r i e d la n d e r ^  

prep ared  f> -p h en y l-2 ,3 -th io p h en eq u in o n e-2 -o x im e  and un­

s u c c e s s f u l ly  t r i e d  to  p rep are  a quinone from  t h i s  compound. 

Benary and S i l b e r s t r o m ^  prepared  Ij.- c ar be th  oxy-5  -me th y  1 -

2 ,3 -th io p h en eq u in o n e -2 -o x im e  and a l s o  f a i l e d  in  t h e i r  

attem p t to  o b ta in  th e  p a ren t q u in o n e . There h a s been  

th e r e fo r e  v e r y  l i t t l e  d a ta  w ith  w hich to  draw com parisons 

betw een  benzoquinones and benzoquinone d e r iv a t iv e s  on 

one hand , and th iop h en eq u in on e and i t s  d e r iv a t iv e s  on th e  

o th e r .  The s y n th e s is  o f  th ian aph th aqu inone h a s  been  r e -  

a l i z e d '  ' and t h i s  compound b eh aves l i k e  a t y p ic a l  aro­

m atic  or th o  q u in o n e(7 * 8 > 9 » 1 0 ). «^e th iop h en eq u in on e

analogous t o  para-benzoqu inon e would be th io m a le ic  an­

h y d r id e . T h is compound h as n o t  been p rep a red , how ever

(it) P . F r ied la n d e r  and S t .  K ie lb a s in s k i ,  B er . lj£ , 3389 (1 9 1 2 ) .
(5 )  E . Benary and L . S llb e r s tr o m , B er . *>2, 1605 (1919)*
(6 )  A* B e zd r ik , P . F r ie d la n d e r , and P . K o en ig er , B er .

J £ ,  227 (1 9 0 8 ) .
(7 )  C. Candea, B u l l .  S c i .  E c o le  P o ly te c h . T im isoara  (R eview )

8 ,  191-228  (1 9 3 8 );  0 . A. i i ,  l|.986* (1 9 3 9 ) .
(8 ) J .  H arley-M ason and F . Mann, J .  Chem. S o c . lj.Qi4 (19142).
(9 )  W. Grassman and K. v .  Armin, Ann. 5 1 9 . 198 (1935)*
(10 ) A. Schonberg, R . M oubasher, and A. M osta fa , J .  Ghem.

S o c . 1 7 6 , ( 19I48) •
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th e  1 ,3 ” iso th ia n a p h th a q u in o n e  h a s been  p repared  and in a s ­

much a s i t s  p r o p e r t ie s  are e n t i r e ly  th o se  o f  a  th io a n -  

h y d r id e ^ ’*’* ^ ^  i t  i s  t o  be e x p e c te d  th a t  **p ar a11 -  th  i  ophene -  

quinone would p o s s e s s  m ain ly  th e  p r o p e r t ie s  o f  an u n sa tu ­

r a te d  th io a n h y d r id e , and n o t  th o se  o f a q u in on e .

The key t o  th e  s y n t h e s is  o f  q u inon es i s  th e  hydroxy  

compound. One o f  th e  s t r ik in g  d i f f e r e n c e s  betw een  th e  

th io p h en e  s e r i e s  and th e  benzene s e r i e s  i s  th e  i n s t a b i l i t y  

o f  th e  h yd roxyth iop h en es and th e  r e s u l t a n t  d i f f i c u l t y  in  

s y n th e s iz in g  th e s e  c o m p o u n d s ^ ^ # The few  a ttem p ts a t  

s y n th e s iz in g  th iop h en eq u in on es fo l lo w e d  th e  s u c c e s s f u l  

p r e p a r a tio n  o f h ig h ly  s u b s t i t u t e d  h yd roxy th iop h en es w hich  

were o b ta in ed  in  s a t i s f a c t o r y  y i e l d s  by r a th e r  s p e c i f i c  

c y c l i z a t io n  p r o c e d u r e s ^ .  I t  seem s l i k e l y  th a t  th e  

s c a r c i t y  o f in v e s t ig a t io n  in  t h i s  f i e l d  i s  in  p a r t  due 

to  th e  la c k  o f  a g e n e r a l method f o r  the in tr o d u c t io n  o f  

th e  h y d ro x y l group in t o  th e  th io p h en e  r in g .  In  195°  

th e  d is c o v e r y  th a t  h yd roxy th iop h en es co u ld  be prepared  

by th e  o x id a t io n  o f  t h i e n y l  magnesium bromide in  th e  

p r e se n c e  o f  isp p r o p y l magnesium bromide le d  to  th e  p rep ara­

t io n  o f  2-hydroxy th iop h en e  , 3 -h yd r  oxy th io p h en e   ̂ ,

and 5-pheny 1 -2 -h yd roxy  th iop h en e  f o r  th e  f i r s t  t im e .

(1 1 ) Y . G abel and L. S h p e ie r , J .  Gen. Ghem. (USSR) 1 7 .
2277 (191*7).

(1 2 ) R . K itam ura, J .  Pharm. S o c . Japan 5 8 .  21}. (1 9 3 8 );
C .A . i 2 ,  3759® (1 9 3 8 ) .

(1 3 ) R e f .  3 ,  p .  2 8 7 .
(Ik )  C. D . Hurd and K. L* K reuz, J .  Am. Ghem. S o c . 7 2 .

55**3 (1 9 5 0 ) .
(1 5 ) W. A* S t e e l e ,  " S y n th e s is  o f  5-pheny 1 -2 -h y d ro x y  th io p h e n e 11 

D is s e r t a t io n ,  U n iv . o f  C in c in n a t i ,  1951*
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We were th u s encouraged t o  stu d y  th e  q u e s t io n  o f  t h i o -  

phenequinone d e r iv a t iv e s .

I I

The f i r s t  p o r t io n  o f  t h i s  in v e s t ig a t io n  was con­

cern ed  w ith  th e  s y n th e s is  o f  s u b s t i t u t e d  th io p h e n e q u in o n e s . 

The 1 , 2 -d ie a r h o n y l group in g  in  th e  a l i e y c l i c  s e r i e s  may 

b e s t  be o b ta in ed  in  th e  fo l lo w in g  ways^”̂ :

1 .  From th e  monoxime, o b ta in ed  by the a c t io n  o f  

n itr o u s  a c id  on th e  m onoketone, by h y d r o ly s is  w ith  d i lu t e  

s u l f u r ic  a c id ,  a lk y l  n i t r i t e s ,  e t c .

*- crO

2 .  By th e  o x id a t io n  o f  th e  a lp h a - k e to ls ,  or orth o  

dihydroxy compounds.

H C - O H   ^  C - O l  C O  C - G
I = 5 =  ii ------- '

1 - 0  c - o H

3 .  By th e  o x id a t io n  o f  k e to n e s  w ith  se len iu m  d io x id e ,

c;*  /> c~o
' k.O + H*D

£  ,
I

I}.. By th e  h y d r o ly s is  o f  brom oketones.

<: - 6
   f ' O

'  /

ho L J

(1 6 ) E . H . Rodd, C hem istry o f  Carbon Compounds, E l s e v ie r ,  
Amsterdam, 1951# P» 719•
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5

(1 7 )
These m ethods were a l l  c o n s id e r e d . C hovin' 1' 

showed th a t  o x id a t io n  o f  h yd roxy th ian ap h th en es w ith  s e ­

len iu m  d io x id e  y ie ld e d  th e  corresp on d in g  t h io in d ig o  dim er  

and t h i s  procedure was n o t  fu r th e r  in v e s t ig a t e d .  The

6 =

o x id a t io n  o f  d ihydroxy compounds and th e  h y d r o ly s is  o f  

h a lo k e to n e s  req u ire d  th e  s y n t h e s is  o f  compound ty p e s  n o t  

p r e v io u s ly  p rep a red . These were in v e s t ig a t e d  and found  

t o  he to o  u n s ta b le  t o  m e r it  fu r th e r  study*

The m ost p ro m isin g  co u rse  o f  s y n th e s is  was the  

h y d r o ly s is  o f quinone m onoxiraes. In  th e  cou rse  o f  

F r ie d la n d e r  * s work on th io in d ig o  d y e s ^  he s y n th e s iz e d  

5 -p h en y l-3 -h y d r o x y th io p h en e , and found  th a t  when t h i s  

compound was t r e a t e d  w ith  n it r o u s  a c id  an a lm ost q u a n ti­

t a t i v e  y i e l d  o f  5> -p h en y l-2 ,3 -th iop h en eq u in on e-2 -ox irae  

was o b ta in e d . F r ie d la n d e r  f a i l e d  to  o b ta in  th e  quinone

( S j n r "

by r e d u c tio n  o f  th e  oxime w ith  z in c  and a c e t ic *  or  m in era l*  

a c id s ,  and subseq uent o x id a t io n  w ith  f e r r i c  c h lo r id e .

(17 ) R . G hovin, B u l l .  S o c . Chim. F rance l $ ]  1 1 , 91  (19M*.)*
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T h is procedure was s u c c e s s f u l  f o r  the p r e p a r a tio n  o f  th e  

an alogou s th ian aph th aqu lnone from  i t s  monoxime. The h y ­

d r o ly s i s  o f  th e  oxime i s  an ob v iou s r o u te  to  the q u in o n e , 

b u t F r ie d la n d e r  does n o t  m ention  any r e a c t io n s  o f  t h i s  

ty p e . Inasmuch as he d oes d e sc r ib e  a number o f  o th er  un­

s u c c e s s f u l  p roced u res i t  seems l i k e l y  th a t  h e  d id  n o t  

t r y  h y d r o ly s is .  In  any ev en t a la r g e  number o f  h y d r o ly t ic  

and carb on y l exchange p roced u res f o r  th e  r e g e n e r a t io n  o f  

a ca rb o n y l from  th e  oxime group in g  have been d ev e lo p ed  

s in c e  th e s e  o r ig in a l  exp erim en ts and t h i s  m ost p rom isin g  

cou rse  o f  a c t io n  was e x t e n s iv e ly  in v e s t ig a t e d  by u s fo r  

th e  p r e p a r a tio n  o f  th io p h e n e q u in o n e s .

In  the in v e s t ig a t io n  o f ca rb o n y l exchange r e a c t io n s  

i t  was found th a t  r e f lu x  in g  th e  oxime in  b enzaldehyd e le d  

t o  th e  fo rm a tio n  o f  2 ,$ -d ip h e n y lth ie n e  [ l |. ,5 -b ]o x a z o le . The

l i t e r a t u r e  shows th a t  fu s e d  r in g  o x a z o le s  have been p ro­

duced by r e flm x in g  o r th o -q u in o n es  w ith  benzaldehyde and 

ammonia or ammonium a c e ta te  in  a c e t ic  a c id  s o lu t io n  

and by t r e a t in g  orth o -q u in on e  momoximes w ith  b en za ld e­

hyde in  th e  p r e sen ce  o f  h y d r o c h lo r ic  a c id  and red u c in g
f i d )th e  o x a z o le -N -o x id e s  th u s form ed' 7 7 . The u se  o f

(1 8 ) S . Kreps and A* B . Day, J .  Org. Ghem. 6 ,  llf.0 (191^1 )•
(1 9 ) tf. D i lth e y  and J .  F r ie d r le h s e n , J .  p r a k t .  Ghem. [2 ]  

1 2 7 . 292 (1 9 3 0 ) .
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benzaldehyde as s o lv e n t ,  r e a c ta n t ,  and red u c in g  agent h a s  

n o t p r e v io u s ly  been  d escr ib ed #  The procedure was in v e s ­

t ig a t e d  w ith  a v a r ie t y  o f arom atic and a l ip h a t ic  a ld e ­

h y d e s . T h is secon d  p o r t io n  o f  th e  work was a l s o  concerned  

w ith  the stu d y  o f  th e  co u rse  o f t h i s  r e a c t io n  w ith  a 

number o f a c y c l i c ,  a l l e y c l i e ,  and arom atic  d lk e to n e  

m onoxim es. F in a l ly  th e  r e a c t io n  o f  benzaldehyde and th e  

oxime was i t s e l f  s tu d ie d  in  some d e t a i l#  The e f f e c t  o f  

c a t a l y s t s ,  atm osphere, and r e a c t io n  tim e on th e  y i e l d  o f  

o x a z o le  was in v e s t ig a t e d  in  order to  le a r n  more about 

th e  n a tu re  and mechanism o f  t h i s  r e a c t io n #

A quinone d ioxim e o f  th io p h en e  was p rep ared  f o r  

th e  f i r s t  t im e . The th ir d  p o r t io n  o f  t h i s  problem  d e a ls  

w ith  a stu d y  o f  th e  c h em istry  o f  5 -p h e n y l-2 ,3 - th io p h e n e -  

q u in o n e-2 ,3 -d io x im e#  The b eh a v io r  o f  th e  d iox im e group in g  

as a t y p ic a l  orth o-q u in on e  dioxim e was checked u s in g  r e ­

a c t io n s  such as fu ra za n  fo r m a tio n , com plex fo r m a tio n , and 

r e g e n e r a t io n  o f ca rb o n y l groups* In  a d d it io n  th e  d ioxim e  

was su b je c te d  t o  th e  h y d r o ly t ic  p roced u res u sed  on th e  

monoxime, and t o  th e  b e n za ld eh y d e-o x a zo le  r e a c t io n .

L a s t ly  i t  was n o te d  th a t  th e  coupound, in  th e  cou rse  o f  

a number o f i t s  r e a c t io n s ,  l o s t  s u l f u r ,  and s e v e r a l  d e­

g r a d a tio n  p ro d u cts  o f u n u su a l s tr u c tu r e  were i s o l a t e d  

and in v e s t ig a te d #

F in a l ly  i t  seemed to  us th a t  t h i s  in v e s t ig a t io n  

would b e s t  be rounded out by th e  s y n th e s is  o f  ^ -p h e n y l-2 ,

3 -th io p h en eq u in o m e-3 -o x im e, and a com parison o f  t h i s
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compound w ith  th© "E-oxim©” . We were © s p e c ia l ly  I n te r e s te d  

in  oxime h y d r o ly s is ,  d ioxim e fo r m a tio n , and o x a zo le  f o r ­

m a tio n . N itr o s a t io n  o f  5 ~ p h en y l-2 -h y  dr oxy th iop h en e  ,  ob­

ta in e d  by th e  o x id a t io n  o f  p h e n y lth ie n y l  l i th iu m , was 

th e  r o u te  taken  t o  t h i s  compound, but we were un ab le  to  

i s o l a t e  more th an  tr a c e s  o f m a te r ia l  which m ight have  

been th e  d e s ir e d  compound, and co u ld  not c a rr y  out the  

d e s ir e d  e x p e r im en ts .
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DISCUSSION OF RESULTS

I* A ttem pted Quinone S y n th e s is

F r i e d la n d e r * s ^  n o v e l and in g e n io u s  r o u te  to  $ -  

pheny  1-3-hydroxyth iophen®  may be summarized a s f o l lo w s :

O - -
A

- C H C O O f t  -t 3  ----------*"* _  **,?— V=o
i +  E to n

1 I

S l-CICHi COOA/ 4  r~ n .. ~t

C ^ ' s- c»»2co6H   O ^ - s - W a  J
I L

Ihlc Ac ' Acz 0
0

O'C-CM. *• N*OH ,---- -r-OM
Z. t»<tl d l j

M  1ST

F ig .  1

The d ir e c t io n s  g iv e n  by F r ie d la n d e r  are vague and in ­

com p lete  and i t  was found n e c e s s a r y  to  d ev e lo p  a p ro ced u re , 

and som etim es m odify  the d i r e c t io n s ,  f o r  each s te p  o f  th e  

s y n t h e s i s .  The 5 - p h e n y l- l ,2 - d it h ia e y e lo p e n te n e -3 -o n e  ( I )  

was f i r s t  p repared  by Baumann and From m ^^ from  s u lfu r  

and e t h y l  e in n am ate . The u n p lea sa n t u se  o f  la r g e  quan­

t i t i e s  o f  b o i l in g  f i f t y  p er  e e n t a c e t i c  a c id  f o r  the

(2 0 ) E . Baumann and E . Fromm, B er . JlO, 111 (1 8 9 7 ) .
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i s o l a t i o n  o f  th e  c y c l i c  d i s u l f i d e  from  th e  t a r s  and  un ­

r e a c t e d  s u l f u r  was a v o id e d  by an e x t r a c t i o n  p ro c e d u re  

u s in g  e th a n o l  and a c e to n e .  In  th e  c o n v e r s io n  o f ( I )  t o  

l4 .- k e to -6 - p h e n y l - 3 » 7 - d i th ia - 5 - c is - n o n e n e d io ie  a c id  ( I I )  th e  

d i th io n e  was added  t o  m o lte n  sodium  s u l f i d e  n o n a h y d ra te ;  

t h i s  c le a v e d  d i s u l f i d e  s o l u t i o n  ( I l a )  was added  t o  a 

s o l u t io n  o f  sodium  c h l o r o a e e t a t e ,  u n r e a c te d  d i th io n e  

p r e c i p i t a t e d  and was f i l t e r e d  fro m  th e  s o l u t i o n .  The 

f i l t r a t e  was a c i d i f i e d  and an o i l  fo rm ed  w hich  c r y s t a l l i z e d  

a f t e r  s ta n d in g  f o r  s e v e r a l  d a y s .  I n  s e v e r a l  ru n s  th e  

u n r e a c te d  d i th io n e  d id  n o t  p r e c i p i t a t e  and a c i d i f i c a t i o n  

o f  th e  s o lu t io n  gave a  c o p io u s  p r e c i p i t a t e  o f  s u l f u r  fro m  

w h ich  no  p r o d u c ts  c o u ld  be i s o l a t e d .  T h is  was fo u n d  to  

o c c u r  when th e  r a t i o  o f sodium  s u l f i d e  t o  d i th io n e  was 

to o  h i g h .  On th e  o th e r  h a n d  when a  l a r g e  e x c e s s  o f th e  

d i th io n e  was d i s s o lv e d  i n  th e  m o lte n  in o rg a n ic  s a l t  th e  

u n r e a c te d  m a t e r i a l  d id  p r e c i p i t a t e  and  c o u ld  be u se d  

a g a in  w i th o u t  p u r i f i c a t i o n  to  g iv e  a  h ig h  o v e r a l l  con­

v e r s io n  to  th e  d i a c i d .  P a r t i a l  h y d r o ly s i s  o f  th e  c h lo r o -  

a c e t i c  a c id  d u r in g  th e  p r e p a r a t i o n  o f  i t s  sod ium  s a l t  

was a  tro u b le so m e  s id e  r e a c t i o n  w hich  c o u ld  be l a r g e l y  

o b v ia te d  by a d d i t i o n  o f s o l i d  sod ium  c a rb o n a te  to  a  co n ­

c e n t r a t e d  aqueous s o l u t i o n  o f th e  a c id  a t  0 ° .  Some 

h y d r o ly s i s  a lw ays o c c u r re d  a s  e v id e n c e d  by th e  a c i d ic  

r e a c t i o n  o f  th e  s o l u t io n  a f t e r  th e  s to i c h i o m e t r i c  amount 

o f  b a se  h a d  b een  ad d ed .
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Th© d ia c id  ( I I )  was c o n v e r ted  to  5 “Pk®ny l “3"& cetoxy- 

th  I  ophene ( I I I )  by h e a t in g  w ith  a e e t ic  anhydride and 

sodium  a c e t a t e .  Th© a d d it io n  o f i c e  w ater  t o  th e  r e a c t io n  

m ixture cau sed  th e  e s t e r  to  se p a r a te  as a d ark , c r y s t a l l in e  

p r o d u ct. The e s t e r  was b e s t  i s o l a t e d  in  pure form  by  

e x tr a c t in g  th e  r e a c t io n  p rodu ct w ith  l i g r o i n  a t  room 

tem perature and a llo w in g  th e  l i g r o i n  t o  © vap orate . The 

5 -p h e n y l- 3 -h yd roxyth iop h en e ( I ¥ )  was o b ta in ed  by sa p o n i­

f i c a t i o n  o f  the e s t e r .  A s o lu t io n  o f  I I I  in  a lc o h o l  was 

warmed w ith  th e  s to ic h io m e tr ic  amount o f  f i v e  per  c e n t  

sodium  h yd rox id e  s o lu t io n .  C om pleteness o f  s a p o n i f i ­

c a t io n  was t e s t e d  f o r  by adding on© drop o f  th e  r e a c t io n  

m ixture t o  s e v e r a l  m i l l i l i t e r s  o f  w a te r . The ab sen ce o f  

t u r b id it y  in d ic a te d  th a t  th e  w a te r - in s o lu b le  e s t e r  had  

b een  c o m p le te ly  h y d r o ly z e d . H y d r o ly s is  took  o n ly  a few  

m in u tes; p ro lon ged  h e a t in g  cau sed  d im e r iz a t io n  to  V.

5 -P h en y l-3 -h y d ro x y th io p h en e  i s  a c o lo r l e s s  s o l id

th a t  m e lts  a t  7 5 -7 6 ° .  When th e  compound or i t s  s o lu t io n s

are exp osed  t o  oxygen th e  t h ie n o l  g r a d u a lly  decom poses
a ,a ' <3H,3«H)

and th© r e d  dimer. 5*5' -d ip h e n y l-  [A -b ith io p h e n e  ] -

3 ,3 - d io n e ,  ( ¥ ) ,  i s  form ed. The h yd roxyth iop h en e appears

F ig .  I a

t o  g iv e  a red  e o lo r a t io n  w ith  f e r r i c  c h lo r id e  but t h i s
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i s  obscured  by p r e c ip i t a t io n  o f th e  dimer w hieh i s  a l s o  

r e d . When a 1 p e r  c en t s o lu t io n  in  33 P©r e e n t e th a n o l  

was tr e a te d  w ith  10 p er  cen t f e r r i c  c h lo r id e  a red  c o lo r a t io n  

and a red  p r e c ip i t a t e  form ed. A 1 p er  een t s o lu t io n  in  

a b s o lu te  e th a n o l gave a r e d -b lu e  c o lo r ;  upon d i lu t io n  

w ith  w ater  a p r e c ip i t a t e  form ed. A one and a h a l f  per  

c en t s o lu t io n  o f t h ie n o l  in  warn w ater y ie ld e d  an im m ediate  

r e d  p r e c i p i t a t e ,  w h ile  a  su sp en sio n  o f  0 .1 5  g* o f  th e  

h yd roxyth ioph en e in  one m l. o f  c o ld  w ater was n o t  a f f e c t e d  

by f e r r i c  c h lo r id e .

5 -P henyl-3-raeth oxy  th iop h en e  was produced in  60 p er  

cen t y i e l d  by t r e a t in g  a s o lu t io n  o f  th e  hyd roxyth iop h en e  

in  b ase w ith  d im eth y l s u l f a t e .  T h is compound was prepared  

by F r ie d la n d e r  b u t was not in v e s t ig a t e d  by h im . Th© 

e th e r  i s  a  c o lo r le s s  l iq u id  w hieh b o i l s  a t  2 i j l - l l |2 0 (3  mm*)*

I t  appeared to  g r a d u a lly  decompose on sta n d in g ; h ow ever, 

d i s t i l l a t i o n  o f  a  dark red  sample w hich had d is c o lo r e d  

over a p e r io d  o f  s e v e r a l  months y ie ld e d  m ost o f  th e  o r ig in a l  

m a te r ia l  in  e o lo r l e s s  form . The e th e r  gave a n e g a t iv e  

f e r r i c  c h lo r id e  t e s t  and was c o m p le te ly  in s o lu b le  in  

d i lu t e  b a s e .

When tr e a te d  w ith  brom ine, 5“P k© uyl-3-& yd roxyth io- 

phen© form ed a tribrom© d e r iv a t iv e  as was e a r l i e r  r e p o r t e d ^ .  

We f a i l e d  t o  p repare a sem iearbazone by th e  u se  o f  stan d ard

p r o c e d u r e s .
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1 3 .

(21 )The h y d roxy th iop h en es as a c la s s  are u n s ta b le '

They are r e a d i ly  o x id iz e d  and t h e i r  d eco m p o sitio n  may be 

due to  o x id a t io n  and p o ly m eriza tio n ^ -* ^  • F u n c tio n a l  

groups which low er th e  e le c t r o n  d e n s i ty  o f  th e  r in g  

s t a b i l i z e  th e  m o le c u le . Both 5 -p h  eny 1 -2  -h yd r oxy th  i  ophene 

and 5 -p h e n y l-3«hydroxy th iop h en e  are  more s t a b le  than  th e  

p a ren t 2 -  and 3 -  h y d ro x y th io p h en es; b u t , w hereas th e  2-  

h yd roxyth iop h en e i s  more s t a b le  th a n  i t s  3 -  iso m e r , th e

3 -h y d ro x y -p h en y lth io p h en e  i s  more s ta b le  th an  th e  2 -  

h y d ro x y -p h en y lth io p h en e• For exam p le, d i lu t e  a lc o h o l ic  

s o lu t io n s  o f  2-h yd roxy-p heny1th io p h en e  prep ared  f o r  

u l t r a - v i o l e t  a n a ly s is  r a p id ly  became c o lo r e d  and d e p o s ite d  

d im er, w h ile  s im ila r  s o lu t io n s  o f  3 -h y d ro x y -p h en y lth io p h en e  

rem ained c o lo r le s s  f o r  over  2ij. h o u r s . In  the attem p ted  

p r e p a r a tio n  o f a  sem iearb azon e , pure 3 -h y d r o x y -p h e n y lth io -  

phene was r e f lu x e d  b r i e f l y  in  aqueous a lc o h o l  and was 

r e o b ta in e d  on c o o l in g  as l i g h t  brown n e e d le s ,  m e lt in g  

p o in t  7 5 -7 6 ° . Furtherm ore th e  pure 3 -  isom er co u ld  be 

i s o l a t e d  from  a m ixtu re  o f  t a r ,  dim er and compound by 

e x tr a c t in g  w ith  p etro leu m  e th e r  ( b .p .  I4.0—60° )  in  a S o x h le t  

a p p a ra tu s. T his hydroxy compound was c a r r ie d  ov er  and 

c o n c e n tr a te d  in  th e  s o lv e n t  f l a s k  and was r e c o v e r e d  as 

p in k , a lm ost c o lo r l e s s  c r y s t a l s .  However when th e  same 

proced u re was a p p lie d  to  the 2 -  isom er th e  hydroxy compound

(21 ) H* D. H a r to u g h , The C h e m is try  o f H e te r o c y c l ic  Compounds, 
T h iophene  and  i t s  D e r iv a t iv e s ,  I n t e r s e i e n c e ,  Hew 
Y o rk , 1952 , p p . 2 8 8 -2 9 3 .
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was removed from  th e  dimer and ta r s  and c o n c en tr a ted  in  

th e  f l a s k  but i t  decomposed d u rin g  th e  e x tr a c t io n  t o  a 

dark t a r .

The g r e a te r  s t a b i l i t y  o f  5 “p h en y l-3 -h y d ro x y th io p h en e  

can be e x p la in e d  i f  we assume th a t  th e  o x id a t io n  p ro ceed s  

by a s e r i e s  o f  s t e p s  none o f  w hich in v o lv e s  t r a n s f e r  o f  

more than  one e l e c t r o n . The t h ie n o l  w i l l ,  on l o s s  o f  

an e le c t r o n  from  s u l f u r ,  fo r  exam p le, y i e l d  a r a d ic a l  

w ith  v a r io u s  p o s s i b i l i t i e s  o f  reso n a n ce  s t a b i l i z a t i o n .

The fu r th e r  l o s s  o f a p ro to n  from  th e  charged  fragm ent 

w i l l  g iv e  a new s p e c ie s  w hich may e v e n tu a l ly  le a d  t o  th e  

d im eric  product through two more one e le c t r o n  t r a n s f e r s .

The n e c e s s i t y  o f  e x tr a c t in g  an e le c t r o n  fro®  th e  r in g  f o r  

o x id a t iv e  d eco m p o sitio n  i s  in  agreem ent w ith  th e  sta tem en t  

p r e v io u s ly  made th a t  f u n c t io n a l  groups which low er  th e

(2 2 ) L . M ic h a e lls ,  T ran s. E leetrooh em . S o c . 2 i>  1°7  (1 9 3 7 );  
c f .  a l s o  I*. M ic h a e lls  and E . S . F le t c h e r ,  J .  Am.
Ghem. S o c . 5 2 , 1%& (1 9 3 7 ); &• B . Woodward and P . 
Eastm an, i b i d . . 6 b , 2229 (19M >).

H

*  +
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e le c t r o n  d e n s ity  o f  th e  r in g  s t a b i l i z e  th e  m olecu le*  The 

in te r m e d ia te s  in v o lv e d  in  th e  o x id a t io n  o f 5>-pheny 1 -2 -  

hydroxyth ioph en e are s t a b i l i z e d  by reson an ce  form s in ­

v o lv in g  qu in on oid  s tr u c tu r e s  f o r  th e  p h en y l group which  

cannot c o n tr ib u te  to  th e  co rresp o n d in g  in te r m e d ia te s  from  

5 -p h e n y l-3 -h y d r o x y th io p h en e .

o D "  O D -  -O -C -0

A J  JT

O U -

O C L  O O '

r \ l o < >

P ig .  3

Inasmuch as h y p er c o n ju g a tio n  s t r u c tu r e s  ( F ig .  ij.) o f  

h 1 5 “iae th y  1 -2 -h y d r  oxy t h i  ophene sh o u ld  c o n tr ib u te

l i t t l e  compared t o  th e  q u in on oid  s t r u c tu r e s  

F ig .  I}. i l l u s t r a t e d  in  F ig .  3 ,  th e  reson an ce  s t a b i l i z a ­

t io n  o f  th e  o x id a t io n  in te r m e d ia te s  sh ou ld  be 

about th e  same a s 5 -p h e n y l-3 -h y d r o x y th io p h en e . T h is com­

pound must be h e a te d  w ith  f e r r i c  c h lo r id e  t o  form  th e  

in d ig o id  d e r iv a t iv e

(2 3 ) C* D easy , Ghem. R ev s. £ 6 ,  llj.5 (191*5)*
¥ .  S te in k o p f and A. Thormann, in n .  5k 0 . 1 (1939)*
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P h y s ic a l  e v id e n c e  i n d i c a t e s  t h a t  5 -p h e n y l-3 -h y d ro x y -  

th io p h e n e  e x i s t s  i n  b c th  k e to  and e n o l  fo rm s , a l th o u g h

th e  e n o l form  p red o m in a tes . The m lt r a - v io le t  sp e c tr a  

o f  th e  3 - t h ie n o l  and i t s  e th e r  in  e th a n o l and o f  th e  

t h ie n o l  in  ch loroform  are g iv e n  in  P ig*  6 .  The sp e c tr a  

o f  th e  two a lc o h o l  s o lu t io n s  are a lm ost id e n t ic a l*  w h ile  

th e r e  i s  a s h i f t  t o  h ig h e r  wave le n g th s  in  th e  spectrum  

o f  th e  t h ie n o l  in  ch loroform * T h is s u g g e s ts  th a t  th e  

5 -p h en y l-3 -h y d ro x y th io p h en e  e x i s t s  to  a v e r y  g r e a t  e x te n t  

as th e  e n o l in  a lc o h o l ,  h u t th a t  in  chloroform * th e  k e to  

form  becomes o f  g r e a te r  im portance* The in f r a - r e d  spectrum  

(P ig*  7) ©f th e  h y  dr o x y th i ophene in  ch loro form  shows ab­

s o r p t io n  in  th e  h y d ro x y l r e g io n ,  8 .03 /<  * and in  th e  

ca rb o n y l r e g io n , 5 * 9 6 ^ t, w h ile  in  th e  e th e r  spectrum  th e r e  

i s  no a b so rp tio n  in  th e  ea rb o n y l r e g io n ,  and th e  appearance  

o f  s tr o n g  bands a t  7*20 , 9 * 6 2 , and 9*67 m icrons i s  in d i ­

c a t iv e  o f  an arom atic e th e r .

5 -P h en y l-3 -h y d ro x y th io p h en e  IV was th e  b a s ic  

compound through, which we sou ght t o  prepare a t h i  ophene 

q u in on e• The s y n t h e s is  o f  th lan ap h th aq u in on e was a ch iev ed

P ig .  5
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by con d en sin g  th e  hydroxy compound w ith  n itr o s o -N ,N -  

d im e th y la n i l in e ,  and h y d r o ly z in g  th e  r e s u l t in g  a n i l  w ith

Me a t t e s t e d  t o  condense th e  5 -p h en y1 -3 -h yd roxyth iop h en e  

with* p a r a -n itr o so -N ,N -d im e th y la n il in e  in  order to  o b ta in  

th e  analogous a n i l ,  and we hoped to  be a b le  to  h y d ro ly z e  

t h i s  compound. The co n d en sa tio n  d id  n o t occur w ith o u t a 

b a s ic  c a t a l y s t .  Mhen a s o lu t io n  o f  t h ie n o l  and th e  n i t r o s o  

compound in  e th a n o l was warmed w ith  f i v e  m i l l i l i t e r s  o f  

a 33 p er  c e n t  s o lu t io n  o f  b e n z y l tr im eth y  1 ammonium h yd rox id e  

in  m ethanol th e r e  was form ed and i s o la t e d  .5 6  g* o f  a 

dark red  powder w hich g r a d u a lly  b lack en ed  and decomposed 

on s ta n d in g . T h is r o u te  was n o t fu r th e r  in v e s t ig a t e d .

The p r e p a r a tio n  o f  an orth o -q u in on e  by h y d r o ly s is  

o f  th e  bromo k eton e  was c o n s id e r e d . F r ied ls ln d er  had ob­

ta in e d  a tr ib r o a o  d e r iv a t iv e  o f  5 -p h en y l-3 -h y d ro x y th io p h en e  

when th e  compound was tr e a te d  w ith  bromine d i r e c t ly  and 

he u n s u c c e s s fu lly  a ttem p ted  to  form  th e  a n i l  o f  t h i s  com­

pound by c o n d e n sa tio n  w ith  a n i l i n e .

F ig .  9
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(2 5 ) R« Pummerer, B er . k 3 . 1370 (1 9 1 0 ) .
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We in v e s t ig a t e d  th e  b rom ination  o f  5 -pheny1 -3 -m ethoxy t h i ophene 

and 5 “P h en yl- 3 -h yd roxy  th iop h en e  w ith  N -b rom osuccin im ide.

I t  was our in t e n t io n  to  p rep are and h y d ro ly z e  a monobromo 

compound. The b rom in ation  o f  th e s e  compounds w ith  m olar  

q u a n t i t ie s  o f  N -brom osuecinim ide w ent r e a d i ly  in  th e  c o ld  

to  g iv e  p rod u cts w hich were to o  u n s ta b le  t o  work w it h .

The bromo d e r iv a t iv e  o f th e  m eth y l e th e r  was th e  more 

s ta b le ;  i t  was i s o l a t e d ,  and c r y s t a l l i z e d  from  p etro leu m  

e th e r  as a  c o lo r le s s  s o l i d ,  m .p . .  The m a t e r ia l ,

even when s e a le d  under n it r o g e n ,  s lo w ly  decomposed a t  

room tem p era tu re , l ib e r a t e d  hydrogen brom ide, and y ie ld e d  

a dark p u rp le  s o l i d  in  a few  h o u r s . The p rod u ct o f  bro­

m in a tio n  o f  th e  h yd roxyth loph en e was even  l e s s  s t a b l e .

The b rom in ation  was c a r r ie d  out a t 0®. At th e  c o n c lu s io n  

o f  th e  r e a c t io n  th e  carbon t e t r a c h lo r id e  was removed by  

d i s t i l l a t i o n  a t  red uced  p r e s s u r e . When th e  p rod u ct was 

f lu s h e d  w ith  n itr o g e n  to  m a in ta in  an in e r t  a tm osphere, 

hydrogen  bromide was sw ept from  th e  f l a s k  in  c o n s id e r a b le  

amount. When t h i s  c e a s e d , a  b la c k , ta r r y  r e a c t io n  produ ct

rem ained from  w hich th ere  was i s o l a t e d  5 ,5 * -d ip h e n y l-
a»a* (3H,3*H)

[A -b lt h io p h e n e ] -3 ,3 “<iione.

5 -P h en y l-3 -h y d ro x y th io p h en e  can be n i t r o s a t e d  t o  

g iv e  a q u a n t ita t iv e  y i e l d  o f  5 -p h e n y l-2  , 3 -th io p h en e  q u in  one -

2 -o x im e . T h is compound was th e  c e n te r  o f  our in v e s t ig a t io n

F i g .  11
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in t o  th e  qm inonoid n a tu re  o f  th io p h e n e , and was e x te n ­

s i v e l y  s tu d ie d  as th e  s u b je c t  o f  h y d r o ly t ic  and carb on y l 

exchange p roced u res f o r  th e  p r e p a r a tio n  o f  th io p h e n e -  

q u in o n es . The oxime was g e n e r a l ly  prepared  d i r e e t ly  from  

th e  3 -a c e to x y -5 -p h e n y lth io p h e n e  w ith o u t i s o l a t i n g  th e  

hyd roxy  compound. Sodium n i t r i t e  was added to  th e  s o lu t io n  

o f  th e  e s t e r  as i t  was b e in g  h y d r o ly z e d , and th e  r e a c t io n  

m ixture was poured in t o  e x c e s s  ic e d  d i l u t e  h y d r o c h lo r ic  

a c id .  The y e llo w  p r e c ip i t a t e  was r e c iy  s t a l l i z e d  s e v e r a l  

tim es from  e th a n o l and w ith  th e  a id  o f  Darco trea tm en t was 

o b ta in ed  as y e llo w -o r a n g e  n e e d le s  w ith  a m e lt in g  p o in t  o f  

21Lj.~2l6° when h e a te d  a t  th e  r a te  o f 2° p er  m in u te . The 

o v e r a l l  y i e l d  from  e t h y l  einnam ate was t h ir t e e n  p er  c e n t .  

The quinone monoxime was c o m p le te ly  s ta b le  in  a ir  and 

gave a n e g a t iv e  f e r r i c  c h lo r id e  t e s t .  The compound h a s  

a s o l u b i l i t y  o f  0 .3 5  g« pen l i t e r  in  w ater  a t  1 0 0 ° . I t  

i s  a c id ic  in  n atu re  and d i s s o lv e s  in  b ase  a lth o u g h  th e  

a l k a l i  s a l t  i s  o n ly  m od era te ly  s o lu b le .  The oxime com­

p le x e s  in o r g a n ic  c a t io n s .  A s e r i e s  o f sp o t t e s t s  was 

made w ith  aqueous s o lu t io n s  o f  a la r g e  number o f  in o r g a n ic  

s a l t s  a t  a  c o n c e n tr a t io n  o f  0 .  1 mg. p er  m l. A 0 .2 5  p er  

c e n t  s o lu t io n  o f  th e  oxime in  e th a n o l gave y e llo w  p r e c i ­

p i t a t e s  w ith  Ag+ , Hga++, and Pb++ . The oxime form s in ­

s o lu b le  s a l t s  w ith  many o th e r  m e ta ls  a t  l e s s  d i lu t e  

c o n c e n tr a t io n s  •

E s t e r i f l c a t l o n  o f  th e  oxime can  be accom plish ed
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w ith  m in era l a c id s  and g l a c i a l  a e e t ic  a c id ,  or w ith  b ase  

and a c e t i c  an h yd rid e . The a c e ta te  e s t e r  i s  a y e llo w  s o l i d  

m e ltin g  a t  H4.9- 1500 . When th e  e s t e r  was r e f lu x e d  w ith  

d i lu t e  c a u s t ic  soda fo r  t h i r t y  secon ds i t  was s a p o n if ie d  

and th e  oxime was r e o b ta in e d . We p rep ared  a d io x im e , 

c o lo r le s s  n e e d le s ,  m .p . 1 2 6 .ij.-1 2 6 .8 °  and a 2 ,ij .-d in itr o p h e n y l-  

hydrazone w hich was o b ta in ed  a s dark brown n e e d le s .  The 

l a t t e r  compound m elted  a t  2 3 2 .0 -2 3 2 .5 °  when h e a te d  a t  the  

r a te  o f  2*5 d eg rees  per m in u te , or 2 2 6 .0 -2 2 7 * 0 °  When 

h e a te d  a t  th e  r a te  o f  1 .0  d egree  p er  m in u te . We d id  h o t  

su cceed  in  p rep a r in g  a sem icarbazone o f  e i t h e r  th e  oxim e, 

or the oxime a c e ta te  by means o f  stan d ard  p roced u res fo r  

p rep a r in g  th e se  d e r iv a t iv e s .  Fused th io p h en e  o x a z o le s  were 

o b ta in ed  by r e f lu x in g  th e  oxime w ith  v a r io u s  arom atic  

a ld e h y d es , b u t n o t w ith  aliphab i c  a ld e h y d es . The same 

o x a z o le s  co u ld  n o t be made from  th e  oxime by p roced u res  

th a t  worked fo r  o th er  a lp h a-d iketonem onoxim es. T h is w i l l  

be d is c u s s e d  in  g r e a te r  le n g th  in  th e  n e x t  s e c t io n .

These r e a c t io n s  may be summed up:

U t H  Ul o /N *6 H

F ig .  12
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I t  can im m ed iate ly  be se en  from  th e  p r o c ee d in g  eh a rt  

th a t  in  no r e a c t io n  was th e r e  a se p a r a t io n  o f  th e  oxime 

n itr o g e n  from  th e  th iop h en e  n u c le u s . The r e a c t io n s  which  

were t r i e d  and s tu d ie d  in  order t o  accom p lish  t h i s  may be 

o u t l in e d  in  th e  fo l lo w in g  manner:

a .  S o lv e n t and s a l t  a e t io n

b . S tron g  m in era l a c id s

c* C arbonyl exchange

d .  M ineral a c id s  and ca rb o n y l compounds in  com b in ation

e .  M itrous a e id  and n it r o u s  a c id  d e r iv a t iv e s .

f .  O x id a tiv e  p r o c ed u r es .

P re lim in a r y  exp erim en ts showed th a t  th e  oxime i s  

s ta b le  and i s  n o t d e str o y ed  by w ater or w a te r -a c e t ic  acdd 

s o lu t io n s ,  or by s a l t  a c t io n ,  du rin g  th e  cou rse  o f a t ­

tem pted h y d r o ly s is .  R e flu x in g  th e  oxime in  w ater  fo r  

s i x  days r e s u l t e d  in  a 96 p er  c e n t r e c o v e r y  o f th e  s t a r t in g  

m a te r ia l;  th e  a c t io n  o f  8 p e r  e en t a c e t i c  a c id  f o r  one 

hour was w ith ou t e f f e c t ;  and th e  compound was r ec o v er ed  

unchanged uhen h e a te d  w ith  Ij. p er  c en t sodium s u l f i t e  

s o lu t io n  ̂ 6 )  #

C leavage was a ttem p ted  w ith  s tr o n g  m in era l a c id s  

w ith o u t th e  a id  o f  a u x i l ia r y  r e a g e n ts .  The oxime was 

h e a te d  w ith  h y d r o c h lo r ic , s u l f u r i c ,  or p h osp h oric  a c id  fo r

v a r io u s  le n g th s  o f t im e . Inasmuch as qu inones may v e ry

(2 6 ) L. K le tz  and A. Lapworth, J .  Chem. Soe.,125%  (1 9 1 5 )•
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f r e q u e n t ly  be i s o l a t e d  in  good p u r ity  by steam  d i s t i l l a t i o n
(27)( e . g .  th ian ap h th aq u in on e) '  1 ,  and inasmuch as th e  con­

d i t io n s  o f h y d r o ly s is  were u s u a l ly  more se v e r e  than th o se  

o f  steam  d i s t i l l a t i o n ,  th e  r e a c t io n  was g e n e r a l ly  worked 

up in  t h i s  manner. The r e a c t io n  p rodu et was f i r s t  steam -  

d i s t i l l e d ,  th e  r e s id u e  l iq u id  was f i l t e r e d ,  c o o le d , r e ­

f i l t e r e d ,  and e x tr a c te d  w ith  e t h e r .  T y p ic a l runs are  

d e sc r ib e d  in  th e  ex p er im en ta l s e c t io n .  A d e g ra d a tio n  o f  

th e  oxime d id  occu r and th e  e x te n t  o f t h i s  d e g r a d a tio n  was 

most o b v io u s ly  dependent on th e  le n g th  o f  tim e th e  r e ­

a c t io n  was a llo w ed  to  ru n . The dependence on c o n c e n tr a t io n  

and tem perature was l e s s  c le a r ly  o b ser v ed . As th e  r e ­

a c t io n  tim e in c r e a se d  th e  amount o f  u n d is so lv e d  m a te r ia l ,  

and h en ce  u n rea cted  oxime d e c r e a se d . In  no r e a c t io n  was 

th e re  any m a te r ia l  o th er  th an  acetqphenone and s u lfu r  

i s o l a t e d  from  th e  d i s t i l l a t e .

Two r e a c t io n s  are w orthy o f  comment. In  one r e a c t io n ,  

th e  oxime in  e th a n o l s o lu t io n  was added dropw ise to  200 m l. 

o f  s u l f u r i c  a c id  (1 :1 )  through w hich su p erh ea ted  steam  

was b e in g  p a sse d . I t  was f e l t  th a t  t h i s  w ould be th e  b e s t  

procedure f o r  th e  i s o l a t i o n  o f  a steam  v o l a t i l e ,  but a e id  

s e n s i t i v e ,  q u in o n e . The d i s t i l l a t e  co n ta in e d  on ly  a c e t o -  

phenone in  12 p er  c en t y i e l d .  In  th e  o th e r  experim ent a 

s o lu t io n  o f  2 g .  o f  oxime in  20 m l. o f  o r th o -d ic h lo r b e n z e n e

(2 ? ) W. T . Summerford and D. H. D a lto n , J .  Am. Chem. S o c .
6 6 , 1330 (1 9 W .
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was r e f lu x e d  w ith  20 ml* o f  c o n c en tr a ted  h y d r o c h lo r ic  acid*

In  t h i s  c a se  i t  was hoped th a t  th e  o rgan ic  la y e r  would  

d is s o lv e  any quinone formed and th u s  p rev en t a c id  decompo­

s i t i o n .  I t  was found th a t  th e  o r th o -d ie h lo ro b en ze n e  had  

no e f f e c t  on th e  cou rse  o f th e  r e a c t io n ,  th e  d eco m p o sitio n  

o f  th e  oxime p roceed ed  as i t  d id  in  c o n c e n tr a te d  h yd ro­

c h lo r ic  a c id  alone*

In  a l l  th e  r e a c t io n s  w hich were run fo r  a s u f f i c i e n t  

le n g th  o f  tim e to  g iv e  an i s o la b le  q u a n tity  o f  d eg ra d a tio n  

p rod u ct th e r e  was o b ta in ed  a  c o lo r le s s  compound w h ich , 

when r e c r y s t a l l i z e d  from  b en z e n e , had a m e lt in g  p o in t  o f  

1 5 6 -1 5 7 ° . The compound was n o t b en zo y lp y ru v ic  a c id  (m e lt in g  

p o in t  156 -1 5 8 0 ) .  On th e  b a s i s  o f  e le m e n ta l a n a ly s is  and 

a stu d y  o f i t s  p r o p e r t ie s  th e  compound was a s s ig n e d  th e  

s tr u c tu r e  o f 3-b .ydroxy-6-phenyloxazine-4j.-one* When th e  

r e a c t io n  ran  u n t i l  th e  oxime was 

co m p le te ly  decomposed about a 5 0 

p er  cen t y i e l d  o f  th e  oxazin one  

was i s o l a t e d  in  each  case*  In  

th e  d i s t i l l a t e  th e r e  was I s o la t e d  

acetophenone which was i d e n t i f i e d  

by means o f  th e  m e lt in g  p o in t  o f  i t s  2 ,ij .-d in itr o p h e n y l-  

hydrazone and m ixed m e lt in g  p o in t  w ith  an a u th e n t ic  sam p le .

More fr e q u e n t ly  qu in on es are r e g e n e r a te d  from  t h e i r  

monoximes by th e  u se  o f  a  ca rb o n y l compound in  com b ination

46 A. d is c u s s io n  o f  th e  o x a z in e  s tr u c tu r e  i s  g iv e n  on page 2 8 .

o

3 -h y d ro x y -6 -p h en y l  
oxaz in e  -ij.- one

F ig .  13
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with, a  m in era l a e id ,  r a th e r  than  by th e  u se  o f  a c id s  a lo n e  

Lapworth showed th a t  th e  c le a v a g e  r e a c t io n  o f  oxim es 

in  co n c en tr a ted  h y d r o c h lo r ic  a c id  i s  a  r e v e r s ib le  one* In  

f a c t  w ith  an e x c e s s  o f  hydroxylam ine th e  oxime co u ld  o f t e n  

be form ed q u ite  r e a d i ly  from  th e  p aren t carb on y l compound 

in  c o n c en tr a ted  a c id  s o lu t io n s *  W ith th e  l e s s  s t a b le  

oxim es th e  e q u ilib r iu m  i s  such th a t  r e a c t io n  w ith  a c id s  

a lon e i s  s u f f i c i e n t  t o  g en era te  th e  k e to n e ; h ow ever, when 

th e  p o s i t i o n  o f  e q u ilib r iu m  i s  l e s s  f a v o r a b le ,  hydroxylam ine  

must be removed from  the p rod u et s id e  o f  th e  r e a c t io n *

The hydroxylam ine may be d e str o y e d  by o x id a t io n  or  

r e d u c t io n , or t i e d  up in  another ca rb o n y l compound*

Lapworth found th a t  he co u ld  prep are camphorquinone from  

th e  monoxime o n ly  by the u se  o f  form ald eh yd e, or b e n z a ld e ­

h y d e , and c o n c en tr a ted  h y d r o c h lo r ic  ac id *  The r e a c t io n  

would n o t occu r w ith o u t th e  ea rb o n y l compound. She o x i ­

d a t io n  p roced u res are more se v e r e  but have been  u sed  

s u c c e s s f u l ly  f o r  th e  p r e p a r a tio n  o f  s ta b le  p a ra -b en zo -  

quinones*

C leavage o f th e  oxime was a ttem p ted  w ith  a c e to n e ,  

form ald eh yd e, and benzaldehyde em ploying v a r io u s  concen­

t r a t io n s  o f  h y d r o c h lo r ic  and s u l f u r i c  a c id s*  The oxime 

was e i t h e r  reco v ered  u n r e a c te d , e*g* when th e  r e a c t io n  

tim e was sh o r t or when a ceton e  was p r e se n t  in  s u f f i c i e n t

(2 8 ) C-L. T sen g , M. Hu, and S .  Chu, J . C hinese Chem. Soc*
21*7 <1931*3; C.A. 2 8 , 3730s (1 9 3 W .

(2 9 ) W. T . Sumerford and W. H artung, J . Am. Pharm. A sso c .
2 2 , 6$  (191*0).

(3 0 ) A* Lapworth, J .  Chem. S o c . 2 i»  1137 (1907)*
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q u a n t ity  to  m a in ta in  a low r e f lu x  tem p era tu re , or was 

decomposed by th e  a c id  in  th e  p r e v io u s ly  d is c u s s e d  m anner. 

Ih e  earh on y l compounds d id  n o t  enhance quinone fo rm a tio n  

but were a c o m p lic a tin g  f a c t o r  in  d eterm in in g  th e  n atu re  

and th e  cou rse  o f  the r e a c t io n ,  th ey  were e i t h e r  a c te d  

upon th em se lv es  by th e  a c id ,  and f o r  th e  m ost p a r t  y ie ld e d  

t a r s ,  or th e y  r e a c te d  w ith  th e  u n rea cted  oxime m o le c u le ,  

or w ith  th e  oxia© d eg ra d a tio n  p ro d u ets . In g e n e r a l ,  -the 

u se  o f  a ceton e  or form aldehyde le d  t o  t a r s ,  th e  u se  o f  

benzaldehyde gave more v a r ie d  r e s u l t s .  When a d i lu t e  

s o lu t io n  o f  the oxim e, c o n c en tr a ted  h y d r o c h lo r ic  a c id ,  and 

benzaldehyde in  is o p r o p y l a lc o h o l  was r e f lu x e d  f o r  If hou rs  

th e r e  was r eco v ered  93 P©** e e n t o f th e  s t a r t in g  m a te r ia l .  

When th e  oxime was r e f lu x e d  w ith o u t o th e r  s o lv e n t  u s in g  

a tw enty to  on© r a t i o  o f  benzaldehyde to  c o n c en tr a ted  

h y d r o c h lo r ic  a c id ,  a 23 p er  e e n t y i e l d  o f  2 ,5 -d ip h e n y l-  

th ie n o [ i4. , 5 - b ] o x a z o le  was i s o l a t e d ,  when th© r a t i o  was 

one t o  one th e  oxime decom posed, th e  benzaldehyd e r e a c te d  

w ith  th e  product o f  d eco m p o sitio n , and a t e t r o n ic  a c id  

(v id e  i n f r a ) was form ed:

C H O

P ig .  Hf
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Th© c h ie f  d eg ra d a tio n  p rod u et o f  th e  oxime d u rin g  

a c id  h y d r o ly s is  i s  a  c o lo r le s s  s o l i d  th a t  m e lts  a t  157-158  

B en zoy lp yru v ic  a c id  a lso  m e lts  a t  t h i s  tem perature and 

would appear to  he an ob viou s d eg ra d a tio n  product o f  the  

oxim e:

t  l= o  ij j~ *  — c - o  O &

o O — ' " o - j  h  ~  a - ?  * -  0 * * “ “ "
** ** S H
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We were su r p r iz e d , t h e r e f o r e ,  when m ixed m e lt in g  p o in t s  

o f  th e  two compounds c o n t in u a l ly  gave s iz a b le  d e p r e ss io n s .  

In  a d d it io n  th e  d eg ra d a tio n  p rod u ct form ed when th e  oxime 

was decomposed in  th e  p r e sen ce  o f  benzaldehyde was id e n ­

t i c a l  w ith  th e  t e t r o n ic  a c id  form ed by th© co n d en sa tio n  

o f  benzaldehyde and b e n z o y lp y r u v ic  a c id  in  th e  p r e sen ce  

o f  h y d r o c h lo r ic  a c id .

/= •>  J S  X C  0 - * - f » - c = e
O '  " - " ''* '' * }<C - O

• ©
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id e n t i t y  o f th e  t e t r o n ic  a c id  was proven  by m ixed  

m e lt in g  p o in t  d e te r m in a t io n s , and by th e  p r e p a r a tio n  and 

d e te r m in a tio n  o f  th e  m e lt in g  p o in t  o f  th e  known a n i l .
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Furtherm ore acetophenone was found in  th© a c id  d eco m p o sitio n  

o f  hot*, th© oxime and th e  b en zo y lp y ru v ic  a c id ,  and I d e n t i f i e d  

as th e  2 ,lf .-d in itro p h en y lh y d ra zo n e .

We were c e r ta in  th a t  th© d eg ra d a tio n  produ ct and 

h en zo y lp y ru v ic  a c id  were d i f f e r e n t  compounds when we p re ­

pared  an a n i l  o f th e  o x a z in e  and found  th a t  i t  m elted  a t  

1 7 7 -1 7 8 0 # 10 d eg rees  h ig h e r  than th e  s im i la r ly  p rep ared  

a n i l in e  d e r iv a t iv e  o f  h en zo y lp y ru v ic  acid *  In  a d d it io n  

th e  m ixed m e lt in g  p o in t s  o f  th e  two a n i l s  showed a t h i r t y  

f i v e  degree  d e p r e s s io n . Th© compound i s  w eakly  a e id i c ,  

and i s  h ig h ly  s o lu b le  in  e th a n o l ,  m od erate ly  s o lu b le  in  

w ater  and b en zen e . E lem en ta l a n a ly s is  in d ic a te d  th a t  th e  

e m p ir ic a l form u la  was OxoHr QSI .  Perhaps th e  m ost im portant 

c lu e  we have to  th e  s tr u c tu r e  o f  t h i s  compound i s  the  

s tr u c tu r e  o f  i t s  p r e cu rso r  and th© cou rse  o f  d e g r a d a tio n .

We can  p o s tu la t e  an ox a z in e  s tr u c tu r e  and e x p la in  i t s  

fo r m a tio n , as w e l l  as th a t  o f  th e  acetophenone and th e  

t e t r o n ic  a c id ,  i f  we assume th a t  th e  oxime f i r s t  hyd ro­

ly z e s  to  a hydroxsm ie a c id ,  p a r t o f  which c y e l i z e s  to  

an ox a z in e  d e r iv a t iv e  w h ile  th e  rem ainder I s  fu r th e r  

h y d ro ly z ed  and form s h en zo y lp y ru v ic  a c id . B en zoy lp yru v ic  

a c id  i s  n o t s ta b le  in  h o t  a c id  s o lu t io n  and e i t h e r  d e­

com poses t o  acetop h en on e, carbon m onoxide, and carbon  

d io x id e ,  or con d en ses w ith  benzaldehyde t o  form  th e  

t e t r o n ic  a c id ,  depending on th e  c o n d it io n s  o f  th e  r e a c t io n .
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The u se  o f  n itr o u s  a c id  in  oxime c le a v a g e  r e a c t io n s  

i s  e x t e n s iv e ly  d e sc r ib e d  in  th e  l i t e r a t u r e (3 1 * 3 2 ,3 3 )# j n  

one procedure n it r o u s  a c id  i s  g en era ted  in  th e  p r e sen ce  o f  

h y d r o c h lo r ic  a c id ,  th e  h y d r o c h lo r ic  a c id  c a u se s  a p a r t i a l  

h y d r o ly s is  and a r e a c t io n  o f  n it r o u s  a c id  w ith  th e  h y -  

droxylam ine form ed c a u se s  the e q u ilib r iu m  t o  s h i f t  ^ 4 ) ,

Another procedure u s in g  g l a c i a l  a c e t i c  a c id  and sodium  

n i t r i t e  i s  p o s tu la te d  to  go through  a d i f f e r e n t  m e c h a n i s m  ̂ 4 ) .

We were u n ab le  to  s p l i t  th e  oxime lin k a g e  u s in g  

n itr o u s  a c id  and h y d r o c h lo r ic  a c id  in  com b ination  on aqueous-

a lc o h o l ic  s o lu t io n s  o f  th e  oxim e. In  one experim ent

n itr o g e n  ox id e  g a se s  e v o lv e d  from  th e  a d d it io n  o f  h y d ro -

(31 ) I». C la is e n  and 0 .  M anasse, B er . 2 2 ,  530 (1 8 8 9 ) .
(32) M. L . W olfrom, L . W. G eorges, and S . S o ltz b e r g , J .

Am. Chem. S o c . £ 6 ,  1744 (1934)*
(33 ) S t .  G oldschm idt and W. L. C. V eer , R ec. t r a v .  chim .

6£ ,  796 (1 9 4 6 ) .
(3 4 ) S t .  G oldschm idt and W. L . C. V eer , R ec. t r a v .  chim .

6 6 , 258 (1 9 4 7 ) .
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c h lo r ic  a c id  t o  s o l i d  sodium n i t r i t e  were p a sse d  in to  a 

r e f lu x in g  s o lu t io n  o f  oxime in  e th a n o l .  Nine norm al 

h y d r o c h lo r ic  a c id  was added and th e  s o lu t io n  was r e f lu x e d  

f o r  23 m in u tes . Upon c o o lin g  a 67 p er  cen t r e c o v er y  o f  

th e  oxime o ccu rred . In  an oth er  experim ent oxime and sodium  

n i t r i t e  were r e f lu x e d  f o r  th r e e  hou rs in  m ethanol th a t  was 

sa tu r a te d  w ith  hydrogen  c h lo r id e .  N in e ty  seven  p er  cen t  

o f  th e  oxime was r e c o v e r e d .

A s e r i e s  of r e a c t io n s  was conducted  in  which  

sodium n i t r i t e  was added to  a s o lu t io n  o f  th e  oxime in  

g l a c i a l  a c e t ic  a c id  and th e  le n g th  o f  r e f lu x  tim e was 

v a r ie d . In  th e  f i r s t  r e a c t io n  sodium  n i t r i t e  was added 

t o  th e  s o lu t io n  a t  room tem p era tu re . Upon d i lu t in g  th e  

p rod u ct w ith  w ater  a sm a ll q u a n tity  o f  red  s o l i d  was 

thrown down w hich had a m e lt in g  p o in t  above 260° • T his  

m a te r ia l  was n o t aga in  en cou n tered  in  s im i la r ,  su bsequent 

r e a c t io n s .  A fte r  th e  rem oval o f  th e  red  s o l i d ,  a y e llo w  

s o l i d ,  w hich had a m e lt in g  p o in t  o f  ll|.9 - l 5 0 o ,  s lo w ly  

p r e c ip i t a t e d  in  th e  body o f  th e  s o lu t io n .  T h is compound 

was the oxime a c e t a t e .  In  th e  second  r e a c t io n  sodium  

n i t r i t e  was added w ith ou t fu r th e r  h e a t in g  to  th e  oxim e- 

a c e t i c  a c id  s o lu t io n  which had b een  h e a te d . The c o o le d  

s o lu t io n  was e v e n tu a l ly  d i lu t e d  w ith  w ater and a p er  

cen t y i e l d  o f th e  same e s t e r  was o b ta in e d . The th ir d  

r e a c t io n  was r e f lu x e d  f o r  t h i r t y  m in u tes and w h ile  h o t  

d i lu t e d  w ith  w a te r . There was r ec o v er ed  lj.0 p er  c en t o f
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32.

u n rea cted  oxim e, the r e s t  o f  th e  m a te r ia l  b e in g  a ta r r y  

d eco m p o sitio n  p r o d u c t . The same procedure c a r r ie d  out 

f o r  th r e e  h ou rs w ith  p e r io d ic  a d d it io n s  o f  sodium  n i t r i t e  

le d  t o  com plete d e c o m p o sitio n .

In  a s l i g h t l y  d i f f e r e n t  r e a c t io n  th e  sodium n i t r i t e  

was added t o  a s o lu t io n  o f oxime in  aqueous a c e t ic  a c id .

T h is was r e f lu x e d  fo r  t h i r t y  m in u te s , w ater was added , 

and upon c o o lin g  a 70 p er  c e n t  y i e l d  o f  pure oxime p r e ­

c ip i t a t e d .  These r e a c t io n s  may be in te r p r e te d  in  th e  

f o l lo w in g  w ay. In  g l a c i a l  a c e t ic  a c id  th e  oxime was 

e s t e r l f i e d  and upon p ro lon ged  h e a t in g  w ith  n itr o u s  a c id  

d e e p -se a te d  d ecom p osition  o f  th e  th iop h en e  compound to o k  

p la c e ,  p o s s ib ly  through th e  in term ed ia cy  o f  th e  q u in on e•

When w ater was added t o  th e  h o t  s o lu t io n  o f th e  e s t e r  in  

th e  hope o f  o b ta in in g  c r y s t a l s  on c o o lin g  h y d r o ly s is  

occu rred  and th e  oxime was i s o l a t e d  in s te a d  o f  th e  e s t e r .

The e s t e r s  o f oxim es are known to  be h y d ro ly zed  t o  the  

oxime by aqueous a l k a l i s  and a c id s  w ith  g r e a t  e a se  .

The a d d it io n  o f  w ater  to  th e  c o ld  s o lu t io n s  d id  n o t  

cau se  h y d r o ly s is  o f  th e  e s t e r  and t h i s  compound was ob­

t a in e d .

The e s t e r  was a y e llo w  s o l i d  w hich was s l i g h t l y  

s o lu b le  in  c o ld  w a te r , and m od erate ly  s o lu b le  in  h o t  w a te r . 

The same e s t e r  was a l s o  o b ta in ed  by t r e a t in g  th e  sodium

(35 ) N. V . S ig g w ick , O rganic C hem istry of M itrogen , C larendon  
P r e s s ,  O xford, 1937# P* 173*
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s a l t  o f  th© oxime w ith  a c e t i c  an h yd rid e , and a m ixed  

m e lt in g  p o in t  o f  th e  two showed no d e p r e s s io n . When th e  

e s t e r  was r e f lu x e d  f o r  t h i r t y  secon d s in  6 N sodium  h y­

d rox id e  s o lu t io n  th e  oxime was r e o b ta in e d .

We attem p ted  t o  c le a v e  th e  oxime u s in g  a n i t r i t e  

e s t e r ,  isoam yl n i t r i t e .  C on centrated  h y d r o c h lo r ic  a c id  

was added to  a s o lu t io n  o f  oxime and iso a m y l n i t r i t e  in  

aqueous e th a n o l and t h i s  s o lu t io n  was r e f lu x e d  fo r  an h o u r . 

There was i s o l a t e d  90 p e r  c e n t  o f  th e  oxime u n r e a c te d .

The a d d it io n  o f  2 ,ij .-d in itro p h e n y lh y d ra z in e  to  th e  oxim a- 

f r e e d  f i l t r a t e  gave a la r g e  q u a n tity  o f  a  red  p r e c i p i t a t e ,  

m e lt in g  p o in t  1 2 2 -1 2 3 ° . We e x p e c te d  t h i s  t o  be th©

2 , 14-d in itr o p h e n y lh y d r a z in e  o f  isoam yla ld eh yd e (m e lt in g  

p o in t  123° )  but th e  two compounds gave a s i z a b le  d e p r e ss io n  

in  m e lt in g  p o in t  on ad m ixtu re . S in ce  th e  compound f a i l e d  

to  g iv e  an e le m e n ta l t e s t  f o r  s u l f u r ,  and was much t  oo 

w eig h ty  t o  be a d e r iv a t iv e  o f th e  u n reeovered  th iop h en e  

compound, i t  was n o t fu r th e r  in v e s t ig a te d *

H e r s h b e r g ^ ^ , and M attox and K e n d e l l^ ^  have  

r e c e n t ly  d e sc r ib e d  p roced u res f o r  u s in g  p y ru v ic  a e id  as  

an exchange rea g en t in  c le a v a g e  r e a c t io n s ,  a lth ou gh  

S id g w ie k ^ ^  a number o f  y e a r s  ago r e c o g n iz e d  th a t

(36 ) E . B . H ersh berg , J .  Org. Chem. J|£ , $k2  (1 9 ^ 8 ).
(37 ) V . R . M attox and E . C. K e n d e ll, J .  Am. Chem. Soc*

2 0 , 882 < I 9I4.8 ) •
(3 8 ) S id g w ick , "O rganic C hem istry o f  N itr o g e n , C larendon  

P r e s s ,  O xford, 1910 , p .  2I4.7 .
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p y ru v ic  a c id  in. aqueous medium was a p a r t ic u la r ly  e f f e c t i v e  

exchange k e to n e . The oxime how ever was found t o  he com­

p l e t e l y  r e s i s t a n t  to  th e  a c t io n  o f  p y ru v ic  a c id .  A s o ­

lu t io n  o f  oxime in  a c e t i c  a c id  and w ater c o n ta in in g  

equim olar amounts o f  p y ru v ic  a c id  and sodium  a c e ta te  was 

r e f lu x e d  f o r  th r ee  h o u r s . Upon c o o lin g  85 p er  cen t o f  

th e  oxime was r e c o v e r e d . Another s o lu t io n  o f  th e  oxime 

in  p y ru v ic  a c id ,  b en za ld eh yd e, and c o n c e n tr a te d  h y d r o c h lo r ic  

a c id  was shaken m ec h a n ica lly  o v e r n ig h t . Most o f  th e  oxime 

was r eco v ered  unchanged. The d r iv in g  o f  c le a v a g e  r e a c t io n s  

t o  com p letion  by th e  d e s tr u c t io n  o f hydroxylam ine h a s  been  

done very  s u c c e s s f u l ly  u s in g  o x id iz in g  a g e n ts  such as  

s u l f u r ic  a c id  and p o ta ss iu m  d ich rom ate , or 30 p er  cen t  

hydrogen p e r o x id e  .  These r e a g e n ts  work w e l l  f o r

th e  r e l a t i v e l y  s ta b le  a lk y l  p ara-b en zoq u in on es but would

r e a d i ly  d e s tr o y  th e  th iop h en e  n u c le u s . Summerford and
(27)D a lto n ' ' '  have d ev e lo p ed  a proced ure u s in g  cuprous o x id e  

as th e  o x id iz in g  agent and have found i t  su p e r io r  to  th e  

m ethods u s in g  much s tr o n g e r  o x id iz in g  a g e n ts .  T h eir  

method c o n s i s t s  o f e i t h e r  sh ak in g  or r e f lu x in g  th e  oxime 

in  a m ixtu re  o f m eth y l c e l l u s o l v e ,  h y d r o c h lo r ic  a e id  (1 :1 ) ,  

cuprous o x id e , and a c e to n e , and d i s t i l l i n g  th e  p rod u et  

from  th e  m ixture w ith  steam . Both p roced u res were fo llo w e d

(3 9 ) H. H en rich , S . T au b ert, and T. B irk n e r , B e r . } £ ,
303 (1 9 1 2 ) .

(J4.0 ) P . K arrer and 0 .  Hoffmann, H elv* Chim. A cta  2 2 ,
65i|. (1 9 3 9 ) .
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e x a c t ly  w ith  5 - p h en y l-2 ,3 -th io p h e n e q u in o n e -2 -o x im e  but 

n e ith e r  method y ie ld e d  any p r o d u ct.

The r e s is ta n c e  to  c le a v a g e  and th e  r e t e n t io n  o f  th e  

oxime group in g  under the m ost se v er e  c o n d it io n s  in d ic a t e s  

th a t  5 -p h e n y l-2 ,3 -th io p h e n e q u in o n e -2 -o x im e  p o s s e s s e s  r e ­

m arkable s t a b i l i t y  f o r  a m olecu le  o f  i t s  ty p e . Oni p o s s ib le  

e x p la n a tio n  fo r  t h i s  i s  th a t  the a c id  hydrogen in  the oxime 

s tr u c tu r e  i s  p o s it io n e d  in  such a manner as to  v a s t ly  in c r e a s e  

the reson an ce s t a b i l i z a t i o n  o f  th e  m o le c u le . I f  t h i s  p ic tu r e

i s  v a l i d ,  th en  we have a b i e y c l i c  s tr u c tu r e  p o s s e s s in g  some 

d egree  o f  arom atic  c h a r a c te r  in  th e  r in g  fu s e d  to  th e  t h io -  

phene n u c le u s . T h is in c r e a se  in  reson an ce energy  would  

c o n s id e r a b ly  enhance th e  s t a b i l i t y  o f th e  m o le c u le .

The o b je c t io n  h a s been r a is e d  w ith  o th er  m o lecu les  

o f  t h i s  ty p e  th a t  th e  two oxygens are to o  f a r  ap art to  

p erm it an yth in g  more th an  hydrogen  bonding to  one o f  th e  

o x y g en s. The 0 - H . . . . 0  bond i s  u s u a l ly  found t o  be about 

2 .5  -  2 .8  A in  le n g th ,  which i s  c o n s id e r a b ly  more than  

tw ic e  th e  ord in ary  oxygen-hydrogen  d is ta n c e  o f 0 .9 6  A ^ “̂ .  

However th e  p o s s i b i l i t y  cannot be r u le d  out th a t  th e  hydrogen  

may be c e n te r e d  in  some bonds, and n o t in  o t h e r s . The

(J4.I) G. W. Wheland, The Theory o f  R eson ance, John W iley  and
S on s, New York, 1914-9* PP* 50* 51*
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bond d is ta n c e s  in  th e  th iop h en e  r in g  are somewhat sm a lle r  

than  in  th e  benzene r in g ,  and a c a lc u la t io n  u s in g  th e  b e s t  

a v a i la b le  v a lu a s  fo r  bond a n g le s  and bond le n g th s  p u ts  th e  

hydrogen  1.0i*A from  each oxygen a t  an an gle  o f  1 0 5 ° .

© CO
U3SA

lOi

fie- n

(1 ) A ngles = 1 1 2 , 113° n 
th iop h en e  -C-C = 1 .3 5

(2) C-0 b ased  on p a r t i a l  
d o u b le , s in g le  bond 
c h a r a c te r . D im eric  
form ic  a c id  C-0 = 1 .2 9  A.

C~N based on p a r t ia l  
double s in g le  bond 
c h a r a c te r . Melamine 
C-N = 1 .3 3  A (1*1)

(3 ) N-0 b ased  on p a r t i a l  
d o u b le , s in g le  bond 
ch a r a c ter  (1*3)

(1*) Angle C-M-0 b ased  on 
ammonia 108°

(5) A ngles 0-C -C , N-G-C 
assumed to  be 120°

(1*2) R . Schoemaker and L. P a u lin g , J .  Am. Chem. S o c . 6 1 , 
1769 (1 9 3 9 ) .

(1*3) H. J .  B e r n s te in , J .  Chem. P h ys. 1 $ ,  281* (19i*7).
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I I .  The O xazole R ea ctio n

In  th e  attem pted  s y n th e s is  o f the quinone from  

5 -p h e n y l-2 ,3 -th io p h e n e q u in o n e -2 -o x im e  a carb on y l exchange  

ty p e  r e a c t io n  was t r i e d .  The oxime was r e f lu x e d  in  b e n z a l­

dehyde f o r  a p e r io d  o f 2i\. h ou rs in  th e  hope th a t  th e  

benzaldehyde would remove th e  N-O-H group from  the t h i o ­

phene n u c le u s . The s o lu t io n  was c o o le d  and, a f t e r  r e -

c r y s t a l l i z a t i o n  from  d ioxan e and th en  from e th a n o l ,  a 

c o l o r l e s s ,  n e u tr a l  compound was o b ta in ed  th a t  had a m e lt in g  

p o in t  o f  I 7 6 . 2- I 7 6 . 80 .  The compound was n o t  $-Tph.enyl-2 

th iop h en eq u in on e but 2 , 5 - d i p h e n y l t h i e n e o x a z o l e .

T h is r e a c t io n  was c a l l e d  th e  o x a z o le  r e a c t io n .  When 

th e  oxime was r e f lu x e d  in  benzaldehyde f o r  e ig h te e n  hours  

a 50 Pe r  c en t y i e l d  o f  th e  o x a z o le  was i s o l a t e d  by rem oval 

o f  th e  benzaldehyde a t reduced  p r e ssu r e  and c r y s t a l l i z a t i o n

P ig .  20

P ig .  21
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37.

o f  th e  r e s id u e . When th e  oxime was r e f lu x e d  in  a 33 P©r

cen t s o lu t io n  o f benzaldehyde in  x y le n e  th e re  was i s o la t e d  

under the same c o n d it io n s  a 37 P©r c en t y i e l d  o f  o x a z o le .  

However when 0 .1 5  g* o f  oxime was r e f lu x e d  in  10 per c e n t  

benzaldehyde in  benzene f o r  15 houps th e re  was reco v ered  

0 .1 3  g» o f  u n rea cted  oxim e. The tem perature and th e  con­

c e n tr a t io n  o f benzaldehyde are th e r e fo r e  in p o r ta n t f a c t o r s  

in  th e  o x a zo le  r e a c t io n .  The l a t t e r  f a c to r  was kept con­

s ta n t  in  the cou rse  o f  in v e s t ig a t in g  t h i s  r e a c t io n  by 

u s in g  e x c e s s  benzaldehyde as s o lv e n t .  T his p e r m itted  th e  

u se  o f  r e a c t io n  tem p eratu res up to  180° and a l s o  had th e  

advantage o f  g iv in g  the b e s t  y i e l d s .  The th ie n o o x a z o le s  

were c o lo r le s s  or very  l i g h t l y  t in t e d  compounds. They 

were in s o lu b le  in  w a te r , d i f f i c u l t l y  s o lu b le  in  a lc o h o l ,  

but r e a d i ly  s o lu b le  in  ch loro form  and carbon t e t r a c h lo r id e .  

B ecause o f th e  unusual s tr u c tu r e  o f th e se  compounds we 

c o n s id e r e d  th e  p o s s i b i l i t y  o f  s c r e e n in g  them fo r  pharma­

c o lo g ic a l  a c t i v i t y .  The s o l u b i l i t y  in  10 per  cen t a c e to n e -  

w ater  o f 2 , 5 -d ip h e n y lth ie n o [ l |. ,5 -b ]o x a z o le  was found t o  be 

0 .0 3 3  g .  P©r l i t e r  and th e  e n t ir e  c la s s  o f compounds was 

c o n sid er ed  to o  in s o lu b le  fo r  t h i s  p u rp o se . When exposed  

to  u l t r a - v i o l e t  l i g h t  th e  th ie n o o x a z o le s  e x h ib ite d  a p u r p le -  

b lu e  f lu o r e s c e n c e .  They were e f f e c t i v e l y  sep a ra ted  from  

ta r r y  im p u r it ie s  by e lu t io n  from an alum ina column w ith  

carbon t e t r a c h lo r id e .  The compounds were r e a d i ly  fo llo w e d  

through th e  column by means o f t h e ir  f lu o r e s c e n c e  under 

u l t r a - v i o l e t  l i g h t  and t h i s  made the se p a r a t io n  from
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r e a c t io n  ta r s  and th e  p u r i f i c a t io n  e x trem e ly  easy* The 

o x a z o le s  d id  n o t form  an a d d it io n  compound w ith  2 ,i+ ,7-  

t r in i t r o f lu o r in o n e  *

The s tr u c tu r e  o f t h i s  compound was a ss ig n e d  p r in ­

c ip a l l y  by a c o n s id e r a t io n  o f  th e  r e a c ta n ts  and th e  em­

p i r i c a l  fo rm u la e . The carb on , hydrogen and n itr o g e n  

v a lu e s  checked w e l l  ( s e e  ex p er im en ta l s e e t io n )  fo r  

CX7Hi a ONS. We had d i f f i c u l t y  in  g e t t in g  a good a n a ly s is  

f o r  s u lfu r  w hich sh ou ld  be 11*6 per  c e n t  o f  th e  m o lecu le  

by w eigh t*  One la b o r a to r y  found v a lu e s  o f  8*7 and 8*9 

per e e n t .  A sam ple was se n t  t o  an oth er  la b o r a to r y  and 

th ey  re tu rn ed  a v a lu e  o f 12*2 p er  c e n t .  These a n a ly se s  

in  any ev en t p erm it on ly  one s u lfu r  atom in  th e  m olecu le*  

That th e  m a te r ia l  f lu o r e s c e s  i s  c o n s i s t e n t  w ith  th e  

s tr u c tu r e  which p o s s e s s e s  a lo n g  co n ju g a ted  ch a in

The oxime was h e a te d  w ith  a number o f  arom atic  

a ld eh yd es and one a l ip h a t ic  a ld eh y d e . A n isa ldehyd e gave

* O c H 0  + ~

R = H, CHa , CHa O, (CHa ) aCH

P ig *  23

an 18 p er  cen t y i e l d  a f t e r  th r e e  h o u r s , and a 21+ p er  c en t

(1+1j.) M. Orchin and E* 0 .  W oolf o ik ,  J .  Am. Chem. S o c . 6 8 , 
1727 (191+6).

(1+5) J* W eiss, N ature l lj5 . 71& (191+0).
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y i e l d ,  a f t e r  e ig h t  h ou rs a t 150° ,  o f  c o lo r le s s  n e e d le s ,  

whieh m elted  a t  1 6 6 * 6 -1 6 6 .9 ° •  Guminaldehyde gave a 9 

p er  c en t y i e l d  o f  v ery  p a le  green  f l a k e s ,  m e lt in g  betw een  

1 3 1 *8- 132*6 0 , and to lu a ld e h y d e  gave y i e l d s  o f  30 p er  c e n t  

o f  p a le  ta n  c r y s t a l s ,  w hich had a m e lt in g  p o in t  o f  1 0 1 .0 -  

101*2° • The r e a c t io n  was a l s o  c a r r ie d  out w ith  c in nam alde-  

hydej in  th e  chrom atographic p u r i f i e a t io n  two f lu o r e s c e n t  

ban d s, one b lu e ,  th e  o th er  p u r p le , form ed. These y ie ld e d  

0*08 g* and 0*0% g .  o f  impure m a te r ia l  r e s p e c t i v e l y .

Prom th e  la r g e r  q u a n tity  o f  product th e re  was o b ta in ed  

by r e e r y s t a H iz a t io n  from  a lc o h o l  enough y e llo w  c r y s t a l l in e  

m a te r ia l  f o r  one m e lt in g  p o in t ,  1 7 3 -1 7 5 °• The same r e s u l t s  

were o b ta in ed  on r e p e a t in g  the r e a c t io n .  P o s s ib ly  we 

have low y i e l d s  o f  c i s  and tra n s  isom ers form ed .

P ig .  22

The one a l ip h a t ic  a ldehyde in v e s t ig a t e d  was ca p ro -  

a ld eh y d e , but no c r y s t a l l in e  p rod u ct co u ld  be i s o l a t e d  

from  th e  r e a c t io n  m ix tu r e .

I n v e s t ig a t io n  in to  th e  n atu re o f  th e  o x a z o le  f o r ­

m ation  was made by ca rr y in g  out a  la r g e  number o f c a r e f u l ly  

c o n tr o l le d  r e a c t io n s  betw een 5 -p h e n y l-2 ,3 -th io p h e n e q u in o n e -  

2-ox im e and benzaldehyde and s tu d y in g  th e  e f f e c t  o f
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ch angin g  c e r ta in  v a r ia b le s ,  Any mechanism must e x p la in  

th e  c a t a l y s i s  o f  th e  r e a c t io n  by W hatever c a ta ly z e s  i t  and 

c o n v e r se ly  an u n d ersta n d in g  o f  th e  n a tu re  o f  a r e a c t io n  

can  be had on ly  When th e  c a t a l y s t s ,  i f  any, are known. 

T h erefore  we were e s p e c i a l ly  in t e r e s t e d  in  d e term in in g  

what compound ty p e s  would c a ta ly z e  th e  o x a z o le  r e a c t io n  

and a c co r d in g ly  a number o f  d i f f e r e n t  m a te r ia ls  Whieh 

are commonly u sed  a s c a t a l y s t s  f o r  d i f f e r e n t  p u rp oses  

was added to  r e a c t io n  r u n s . The r e a c t io n  was c a r r ie d  

out by s t i r r i n g  0*5-0 g* o f  th e  oxime in  5*0 ml* o f  ben­

za ld eh yd e a t  150° f o r  e ig h t  h ou rs under an atm osphere o f  

n itr o g e n . To t h i s  was added such c a t a l y s t s  a s t r i c h lo r o ­

a c e t ic  a e id ,  b en zo y l p e r o x id e , hyd roq u in one, and d ib e n z y l  

am ine. The r e a c t io n  m ixture was worked up by f i r s t  r e ­

moving benzaldehyde under red uced  p r e s s u r e , and th en  

d is s o lv in g  th e  r e s id u e  in  c h lo ro fo rm , and se p a r a t in g  i t  

in t o  b a s e - s o lu b le  and b a s e - in s o lu b le  p o r t io n s .  The b a s e -  

s o lu b le  m a te r ia l was sep arst ed  in t o  a w a te r -s o lu b le  (ben­

z o ic  a c id )  and a w a te r - in s o lu b le  (u n rea cted  oxim e) p o r t io n  

The b a s e - in s o lu b le  p o r t io n  was d is s o lv e d  in  carbon t e t r a ­

c h lo r id e  and chrom atographed, and th e  o x a z o le  was i s o la t e d  

d r ie d , and w eigh ed .

The r e s u l t s  are o u t l in e d  in  F ig .  21}.. No c le a r  

in d ic a t io n  o f  cataLytie a c t io n  can be s e e n . Hydroquinone 

d oes n o t appear to  h in d e r  th e  r e a c t io n ,  nor does b en zo y l 

p e r o x id e  have any marked e f f e c t  and i t  th u s seem s l i k e l y
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Run Aldehyde Temperature Tme Atmosphere Oxime C a ta ly s t  Base S o lu b le s  Base I n s o lu o l
LI.P. Wt.

1 .

2 .

3 -

4 .

5 -

B e n z a l d e h y d e  

B e n z a l d e h y d e  

A n I s a l d e h y d e  

B e n z a l  d eisy d e 

B e n z a l d e h y d e

150* 3°

154+30

150+ 3°

1 5 0 * 3 °

1 5 0 °

&hr

g

cAO

g

g

N i t r o g e n

N i t r o g e n

N i t r o g e n

N i t r o g e n

N i t r o g e n

0 , 5 0 g .

0 . 50 

0 . 5 0  

0 . 5 0  

0 . 5 0

H y d r o q u i n -  O . l l g  
o n e  Q.Q2g .  
B enzoyl 0 . 14 
p e r o x i d e  O .O lg .  
B e n z o y l  0 .24  
p e r o x i d e  O .O lg .  
T r i c h l o r o -  Q . I 5  
a c e t i c  O.Q2g .  
n o n e  O . l g

. 1 2 0 - 1 5 5 °

1 0 6 - 2 0 0 °

o . 4 7 g .

0 .44

o . 6 g

0.46

6 . sB en  z a l d e n y d e ! 50± 3° g A i r 0 , 5 0 n on e 0 . 5 2 0 . 3 7

7 - Benzaldehyde 1 5 0+30 cAO A i r ' 0 . 5 0 n on e 0 .44 o . 4o
cAO •

9 -

B e n z a l d e h y d e

T olualdehyde

1 5 0 4 3 °  

1504. 0

G> O

&

N i t r o g e n

N i t r o g e n

0 . 5 0  

0 . 5 0

D i b e n z y l  
am in e  O.lg:  
n o n e

0 . 0 7

1 0 . B e n z a l d e h y d e 1 5 0 + 3 0 1 . 6 3 N i t r o g e n 0 . 5 0 n on e 0 .3 B 0 ,2 8

l i . B e n z a l d e h y d e 155° 2 N i t r o g e n 0 . 5 0 n o n e o . 4o 0 . 2 5

1 2 . B e n z a l d e h y d e 1 5 0 ° 2 N i t r o g e n 0 . 5 0 n on e 0 . 4 9 0.17

13 . B e n z a l d ehyde 1 5 1 4 1 , 2 2 N i t r o g e n 0 . 5 0 n o n e 0 . 4 9 0,15
l 4 . B e n z a l d e h y d e 1 5 0 ° 2 N i t r o g e n 0 . 5 0 none 0 . 3 2 O .3 6

15 .

l o .

1 7 .

B e n z a l d e h y d e  

Ben z  a l d eh y d e  

B e n z a l d e h y d e

1 5 0 °

1 5 0 °

1 5 0 °

2

2

2

N i t r o g e n

N i t r o g e n

N i t r o g e n

0 . 5 0

0 . 5 0

0 . 5 0

B e n z o y l
p e r o x i d e
0 . 05g .
B e n z o y l
p e r o x i d e
O.OSg.
AlCl^O.Ogff

0 . 5 6

0 . 5 2

. 0 . 2 3

0 . 2 9

0 . 2 1

O .56

i s . B en z  a l d e h y d e 1 5 0 ° 5 N i t r o g e n 0 . 5 0 non e 0 . 3 6 0 .  y4

19 . B e n z a l d e h y d e 1 5 0 ° 1 N i t r o g e n 0 . 5 0 n o n e 0 . 3 5 0 . 0 9
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1*2 .

th a t  th e  r e a c t io n  i s  n o t a f r e e  r a d ic a l  one.

S e v e r a l r e a c t io n s  were c a r r ie d  out f o r  on ly  two  

h o u r s , s in c e  by running th e  r e a c t io n  f o r  sh o r te r  p e r io d s  

o f  tim e the u n ca ta ly z ed  r e a c t io n  d oes not go to  co m p letio n  

and th e  e f f e c t  o f  " c a t a ly s t s ” on r a te  can be d eterm in ed .

We w ere , h o w e v e r ,u n a b le  to  o b ta in  r ep ro d u c ib le  r e s u l t s  

in  th e  u n e a ta ly z e d  two hour runs w hieh s e v e r e ly  l im i t s  th e  

in t e r p r e t a t io n  o f th e  d a ta  o b ta in ed  in  th e s e  r e a c t io n s .

The f a i lu r e  t o  d e t e c t  c a t a l y s i s  in  th e s e  r e a c t io n s  i s  in  

p a r t  due t o  th e  la c k  o f  p r e c is e  m ethods o f  w orking up 

th e  r e a c t io n .  However i t  i s  l i k e l y  th a t none o f  the  

m a te r ia ls  t e s t e d  was o f  h ig h  c a t a l y t i c  a c t i v i t y ,  and, 

inasmuch as th e  o x a z o le  i s  s t a b le  once i t  i s  form ed, i f  

a p o te n t  c a t a ly s t  had been  t r i e d  i t  p rob ab ly  would have  

been  r e c o g n iz e d .

D ilth e y  and F r ie d r ie h s e n ^ ^  and D ie ls  and R i le y  

have prepared  © xazoles from  alpha-diketonem onoxiraes and 

b en za ld eh y d e . T h eir  p r e p a r a tio n  was a two s te p  r e a c t io n  

r e q u ir in g  th e  in te r m e d ia te  fo rm a tio n  o f  an o x a z o le -N -  

o x id e . The a lph a d ik e to n e  monoxime and benzaldehyde  

were d is s o lv e d  in  g l a c i a l  a c e t i c  a c id  and hydrogen  c h lo r id e  

p a sse d  through  th e  s o lu t io n .  The a d d it io n  o f  anhydrous 

e th e r  p r e c ip i t a t e d  th e  o x a z o le -N -o x id e  h y d r o c h lo r id e .

(lj.6) W. D ilth e y  and J . F r ie d r ic h s e n , J .  p r a k t . Chem. [2 ]
1 2 7 . 292 (1 9 3 0 ) .

ik-7) 0 .  D ie ls  and F . R i l e y ,  B e r . 897 (1915) •
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Hie o x a z o le - I -o x id e  may a ls o  be p repared  by sh ak in g  th e  

oxime w ith  benzaldehyde and c o n c e n tr a te d  h y d r o c h lo r ic  

a c id  and su b seq u en tly  red u c in g  th e  n itr o g e n  o x id e  com­

pound.

+ 0  + HCI —  — J O a
R.

F ig .  25

We in v e s t ig a t e d  th e s e  r e a c t io n s  to  s e e  w hether th e  

th ie n o o x a z o le  m ight have been  form ed in  t h i s  manner w ith  

th e  benzaldehyde i t s e l f  fu n c t io n in g  as th e  e v e n tu a l r e ­

d u cin g  a g e n t. B e n z il  monoxime and b ia c e t y l  monoxime were  

s y n t h e s ized  and th e  known 2 -p h e n y lo x a z o le -N -o x id e  hyd ro­

c h lo r id e s  o f  th e s e  compounds were prepared  in  y i e l d s  o f  

62 and 27 per c e n t  r e s p e c t i v e l y .  In  a d d it io n , 1 ,2 ,3 -  

c y e lo h e x a n e tr io n e - l ,3 -d io x im e  was s y n th e s iz e d  from  th e  

r e a c t io n  o f  cy c lo h ex a n o n e , e t h y I n i t r i t e  and h y d r o c h lo r ic

C«x \ - o  —«■-------- x* = 0  4 - E L 0 f i J 0
x , /  ^ /

*
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a c id  and t h i s  compound was a ls o  t r e a te d  w ith  benzaldehyde  

and hydrogen e h lo r id e  in  g l a e i a l  a e e t i e  a c id .  A 35 P®** 

c en t y i e l d  o f th e  o x a z o le -N -o x id e  h y d r o c h lo r id e  was o b ta in e d ,
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VOH
0
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w hich had a m e lt in g  p o in t  o f  1 6 5 -1 7 0 ° . Upon h e a t in g  th e  

s a l t  in  m ethanol th e  f r e e  b ase  was form ed and one r e c r y s t a l ­

l i z a t i o n  from  p etro leu m  e th e r  y ie ld e d  a c o lo r l e s s  s o l i d  

w ith  a m e lt in g  p o in t  o f  1 3 0 . 5 - 132 . 0 ° .

With t h i s  background in  th e  p r e p a r a tio n  o f o x a z o le -  

N -o x id e s  we attem p ted  t o  make t h i s  d e r iv a t iv e  o f  5 -p h e n y l-

2 ,3 -th io p h e n e q u in o n e -2 -o x im e . Hydrogen c h lo r id e  was p a sse d

in t o  a m ixture o f th e  oxime and benzaldehyde in  g l a c i a l  

a e e t i c  a c id .  At th e  end o f  the r e a c t io n  u n r e a c te d , un­

d is s o lv e d  oxime was r e c o v e r e d , The a d d it io n  o f anhydrous 

e th e r  d id  n o t cause any p r e c i p i t a t io n .  F in a l ly  th e  

s o lv e n t s  were removed and a brow n-b lack  r e s id u e  rem ained  

from  w hich th e r e  was i s o l a t e d  more oxim e. The o th er  

procedure was no more s u c c e s s f u l .  A m ixture o f  2 g .  

o f  oxime in  92 g .  o f  benzaldehyde and 200 m l. o f  con cen -

c

F ig .  28
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t r a t e d  h y d r o c h lo r ic  a c id  was shaken fo r  th r ee  d a y s . Most 

o f  th e  oxime was r e c o v e r e d .

We were n e x t in t e r e s t e d  in  in v e s t ig a t in g  th e  b en -  

z a ld e h y d e -o x a z o le  r e a c t io n  w ith  th e s e  a l ip h a t ic  a lp h a -  

d ik e to n e  monoximes and w ith  o th e r  orth o-q u in on e  monoximes 

in  order t o  determ ine th e  g e n e r a l i t y  o f  o x a zo le  fo rm a tio n  

under th e se  c o n d it io n s .  B ia c e ty l  monoxime was r e f lu x e d  

w ith  benzaldehyde f o r  tw en ty  fo u r  h o u r s . A fte r  s ta n d in g  

a t  0° fo r  s i x  days th e  l iq u id  was d i s t i l l e d  a t  reduced  

p r e ssu r e  and u n rea cted  b iaeetylm onoxim e was r e c o v e r e d .

We d id  n o t su cceed  in  id e n t i f y in g  any p ro d u cts  in  the  

s iz a b le  amount o f  d i s t i l l a t i o n  r e s id u e ,  The 1 ,2 ,3 - c y c l o -  

h e x a n e tr io n e - l ,3 -d io x im e  decomposed c o m p le te ly  when r e ­

f lu x e d  w ith  benzaldehyde f o r  e ig h te e n  h ou rs under n i t r o g e n .  

When a m ixture o f th e  compound in  benzaldehyde was s t i r r e d  

f o r  th r e e  d a y s , the dloxim e was rec o v er ed  unchanged.

The r e a c t io n  betw een b e n z i l  monoxime and benzaldehyde  

produced tr lp h e n y lim id a z o le  , lo p h in e . In  one experim ent

th r ee  grams of b e n z i l  monoxime was r e f lu x e d  in  1 0 .3  grams 

o f benzaldehyde fo r  one hour under a stream  o f n i t r o g e n .  

The crude p rodu ct e v e n tu a l ly  i s o la t e d  w eighed 2 .0  grams

CHO
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Which based  on n itr o g e n  r e p r e s e n ts  an a lm ost q u a n t i ta t iv e  

co n v e r s io n  to  lo p h in e . T his compound was in s o lu b le  in  

aceto n e  and a f t e r  w ashing once w ith  t h i s  s o lv e n t  had a 

m e lt in g  p o in t  o f 268-270°«  Mixed m e lt in g  p o in t s  o f  an 

a u th e n tic  sample o f  lo p h in e  and th e  compounds p repared  

in  t h i s  way from a number o f  runs d id  n o t ,  in  any c a s e ,  

show a d e p r e s s io n . I f  th e  r e a c t io n  was a llo w ed  to  go 

f o r  lo n g e r  p e r io d s  of tim e  o i l s  form ed w hich made th e  

i s o l a t i o n  o f  th e  lo p h in e  much more d i f f i c u l t .

The r e a c t io n  o f benzilara-H -ox id e and benzaldehyde  

produced a sm a ll amount o f  lo p h in e .  The p rod u ct w hich

rem ained a f t e r  the rem oval o f benzaldehyde from  th e  

n o n -b a s ic  r e s id u e  by vacuum d i s t i l l a t i o n  was d is s o lv e d  

in  e th e r  and f r e e d  o f a c id ic  im p u r it ie s  by e x tr a c t io n  

w ith  b a s e . T h is l e f t  a gummy s o l i d  which a f t e r  r e c r y s t a l ­

l i z a t i o n  from  b en zen e , and th en  e th a n o l had a m e lt in g  

p o in t  o f  228- 230° (b en z ila m , m e lt in g  p o in t  1 1 5 -1 1 6 ° ) .

T h is compound was n o t id e n t i f ie d *

The r e a c t io n  of an o rth o -q u in on e  monoxime w ith  

benzaldehyde a ls o  produced an im id a z o le . When 1 g .  o f  

phenanthraquinone monoxime was h e a te d  in  benzaldehyde a t

P ig .  30
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150° f o r  e ig h t  h ou rs th e r e  was i s o l a t e d  0*25 g .  o f 2 -  

p h en y lp h en an th rim id azo le  which a f t e r  one c r y s t a l l i z a t i o n  

from  e th a n o l had a m e lt in g  p o in t  o f  310- 313° ( l i t .  312- 3 13 ° )

F ig .  31

The p ic r a t e  was p rep a red , t h i s  compound m elted  a t  280-282°  

( l i t .  2 8 0 ° ) ^ .

The tra n sfo r m a tio n  o f  th e  a lp h a  d ik e to n e  monoxime 

t o  an im id a zo le  in v o lv e s  th e  t r a n s f e r  of a  n itr o g e n  atom  

from  one m o lecu le  to  a n o th er , th e  r e d u c tio n  o f  oxime 

g ro u p s, and c a rb o n -n itr o g en  c o n d en sa tio n  and c y c l i z a t i o n .

A number o f mechanisms may be p o s tu la te d  f o r  eaeh  o p e r a tio n  

and th e  t o t a l  o f  th e  com b in ation s and p erm u tation s o f  

th e s e  g iv e s  a v a s t  number o f  p o s s ib le  r o u t e s .  I t  i s  n o t  

p o s s ib le  w ith  th e  d a ta  a t hand t o  do more th an  sp e c u la te  

on th e  most l i k e l y  t o t a l  m echanism s. One o f  th e s e  i s  

d is c u s s e d  in  the fo l lo w in g  p aragrap h s.

I t  i s  l i k e l y  th a t  th e  f i r s t  s te p  o f  th e  r e a c t io n  

in v o lv e s  a  d is p r o p o r t io n a t io n  o f  th e  d ik e to n e  monoxime.

\  \  _  t
C —O c. — o

2  crNCH
/  '  t
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(lj.8) E . A. S te ck  and A. R. Day, J .  Am. Chem. S o c . 6 8 .
771 (191*6).
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L a p w o r th ^ ^  showed th e  r e a c t io n  betw een h y  droxy 1 amine and 

ca rb o n y l compounds to  be a r e v e r s ib le  one in  c o n c en tr a ted  

h y d r o c h lo r ic  a c id .

H C I  x
CrO *- Ht NOH '.'.'■6 C — N o H  -+ Hz O
s  ✓
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Furtherm ore P on zio  found th a t  a lp h a  d ik e to n e  monoximes 

in  h y d r o c h lo r ic  a c id  d id  d is p r o p o r tio n a te  and form d i ­

k e to n e s  and d io x ia e s .  E q u ilib r iu m  betw een  th e  carb on y l 

group and th e  oxim e group i s  a ls o  e s t a b l i s h e d  when oxim es 

are h e a te d  w ith  a ld eh yd es and k e to n e s  under anhydrous 

c o n d it io n s  and exchange w ith  an e x c e s s  o f some k eton e  or  

aldehyde in  non-aqueous s o lv e n t s  h a s  fr e q u e n t ly  been  u sed  

in  th e  s t e r o id  f i e l d  t o  o b ta in  a k e to n ic  confound from  

i t s  oxime or  se ra ie sr b a z o n e ^ 1  ̂* I f  th e  d is p r o p o r t io n a t io n  

p ro d u cts  are o f low er en ergy  co n ten t than  the monoxime, 

as th e  work o f P on zio  in  aqueous medium would in d ic a t e ,  

and e q u ilib r iu m  can be c r e a te d  betw een th e  m o ie t ie s  th en  

d is p r o p o r t io n a t io n  sh ou ld  occur no m atter  what th e  p ath  

o f  th e  r e a c t io n  I s .  Hence in  th e  r e a c t io n  w ith  benzaldehyde  

i t  i s  l o g i c a l  t o  p o s tu la t e  th e  fo rm a tio n  o f a dioxim e  

w ith o u t th e  u se  o f  h y d r o c h lo r ic  a c id .  T h is i s  c o n s is t e n t  

w ith  th e  o b se r v a tio n  th a t  b e n z i l  d iox im e form s an im id a z o le .

(l±9) G. P o n z io , G azz. eh im . i t a l .  6 0 ,  1 2̂9 (1930)*

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The r e a c t io n  mechanism must in c lu d e  a t  some p o in t ,  

the r e d u c tio n  o f  th e  oxime grou p . The f a i lu r e  o f  5 -p h e n y l-

2 , 3 - th iop h en eq u in on e- 2 - oxime t o  form  th e  o x a z o le -N -o x id e  

tinder c o n d it io n s  w hich produced t h i s  compound w ith  a l l  

o th er  monoximes in v e s t ig a t e d  s tr o n g ly  s u g g e s ts  th a t  th e  

s y n th e s is  o f  th ie n o o x a z o le s  d oes n o t  go through th e  f o r ­

m ation o f  o x a z o le -N -o x id e s . Furtherm ore th e  a c t io n  o f

F ig .  3k

benzaldehyde on b en z ila m -N -o x id e  d id  n o t produce th e  

o x a z o le ,  b en z ila m , but in s te a d  a sm a ll amount o f lo p h in e  

and an u n id e n t i f ie d  p rod u ct Which was n o t t r ip h e n y lo x a z o le .  

The p o s s i b i l i t y  th a t  th e s e  p ro d u cts  were formed from  

b en zilam  can be exclu d ed  on th e  b a s i s  o f s t u d ie s  c a r r ie d  

out by Kreps and D a y ^ 0 ^. They found  th e  o x a z o le s  such  

as p h en an th roxazo le  r e s i s t e d  th e  tra n sfo r m a tio n  in to  

p h en an th rim id azo le  or any o th er  compound when h e a ted  w ith  

benzaldehyde and ammonia under s e v e r e  h y d r o ly t ic  c o n d it io n s .

As th e  second s te p  in  th e  mechanism we propose the  

r e d u c tio n  o f  th e  dioxim e t o  th e  d l - im in e . I f  one p o s t u la t e s  

th e  r e d u c tio n  o f th e  oxime group by th e  arom atic  a ldehyde  

th e r e  i s  th e  problem  o f  e x p la in in g  how th e  benzaldehyde

(5 0 ) S .  Kreps and A* E . l a y ,  J .  Org. Chem. 6 ,  U4.0 { I 9I4.I)*
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fu n c t io n s  as a red u c in g  agent* We t e n t a t iv e l y  advance th e  

fo l lo w in g  mechanism .

F ig .  35

McCoy and Day v have made a com prehensive stu d y  

o f  o r th o  c o n d en sa tio n s w hich le a d  t o  o x a z o le  or im id a zo le  

fo rm a tio n , They con clu d ed  t h a t  i t  was p o s s ib le  t o  r e ­

p r e se n t  many, i f  n o t  a l l ,  or th o  c o n d e n sa tio n s  w hich le a d  

t o  o x a z o le  or im id a z o le  fo rm a tio n  by a common in te r m e d ia te .  

Whether o x a z o le  or im id a zo le  r e s u l t s  i s  determ ined  by  

th e  n atu re o f  th e  groups X and Y . In  our ca se  ( i . e .  

th e  r e a c t io n  o f phenam thraquinone monoxime and b en za ld eh yd e)

-C-X y
I ?

-C-I*C-R  
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X would be HHa and Y would be OH and t h i s  h a s  been found
f  q ? )to  le a d  to  im id a z o le s . S te ck  and Day'*7 * p rep ared  2 -  

s u b s t i t u t e d  p h en a n th rim id a zo les  from  phenanthraquinone  

d i- im in e  and a ld e h y d e s . The fo l lo w in g  mechanism which  

g o es  through t h i s  typ e  o f in te r m e d ia te  i s  p o s tu la te d

(51 ) G. McCoy and A. R. Day, J* Am. Chem. S o c . 6£ ,  2159 < 19 4̂-3) •
(5 2 ) 1 .  A* S te ck  and A* R . Day, J .  Am. Chem. S o c . 6£ ,  h&eL ( I 9I4.3 ) .
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by McCoy and Day^"^ :

-C=M +. -C=NH -C-NHa
| + ECHO -► | -  ) 9 - f

•C*HH -C=H-CHOH-R -C-N — C-E

H S
^  A  

-G  C -O -H  « . -C  C -R
II I ^  || H + H‘°

-C  —  H -H  -C —  S
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The o v e r a l l  mechanism would b e:

CKO

©
+

» oCM Kc(
'H '6  &CHOSJH ■-----—-->■

H
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In  th e  r e a c t io n  o f  th e  5 -p h e n y l-2 ,3 -th io p h e n e q u in o n e -

2 - oxime w ith  benzaldehyde th e  e x tr a o rd in a r y  s t a b i l i t y  o f  

th e  oxime group in g  i s  a g a in  m a n ife s te d . D isp r o p o r t io n a t io n  

does n ot o eeu r . The dioxim e h a s  been found t o  decompose 

i r r e v e r s ib ly  in  benzaldehyde a t  100° t o  y i e l d  an is o x a z o le  

n i t r i l e .  f h i s  compound would have been  en cou n tered  in  

th e  cou rse  o f  w orking up th e  o x a z o le  had th e  dioxim e  

form ed. The f a i l u r e  to  i s o l a t e  t h i s  compound means th e r e fo r e  

th a t  th e  dioxim e d id  n ot form . I f  we e lim in a te  th e  f i r s t  

s te p  in  the im id a zo le  fo rm a tio n  we have a s im i la r  s e r i e s  

o f  r e a c t io n s  w hieh e x p la in  o x a zo le  fo r m a tio n . In  t h i s
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c a se  th e  X and Y groups in  the mechanism p o s tu la te d  by 

McCoy and D ay^"^ are b oth  h y d ro x y l g rou p s. S te in  and 

Day have shown th a t  the in t e r a c t io n  o f  p h en anth ra-

quinone monoiraine w ith  an aldehyde p roceed s through t h i s  

in te rm e d ia te  t o  g iv e  2 -  s u b s t i t u t e d  o x a z o le s .  On t h i s  

b a s is  we t e n t a t iv e ly  su g g e s t  th e  fo l lo w in g  p o s s ib le  e x ­

p la n a t io n  f o r  o x a zo le  fo rm a tio n i

P ig*  I4.O

(52a) C. W. C. S te in  and A. B . Day, J .  Am. Chem. S o c . 6|fc, 
2567 <19142).
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I I I .  D ioxim e: 5 ~ P h e n y l-2 ,3 -th io p h e n e q u in o n e -2 ,3 -d io x im e

The d ioxim e o f  5 -p h e n y l-2 ,3 -th io p h e n e q u in o n e  was 

s y n th e s iz e d  by th e  method o f  Kehrmann and M essin g er^ * ^  • 

S o lu t io n s  o f th e  monoxime and hydroxylam lne in  aqueous 

sodium h yd roxid e a t  room tem perature were m ixed and a l ­

lowed t o  stan d  w ith  s t i r r i n g  fo r  from  t h ir t y  m in u tes t o  

s i x  h o u r s . When th e  s o lu t io n  was f i n a l l y  a c id i f i e d  th e

d C U  h^ 0h  o - ^ s 3 ^ " ,h

F ig .  1*0

dioxim e would p r e c ip i t a t e  v ery  s lo w ly  and was c o l l e c t e d  

in  crop s over th e  cou rse  o f s e v e r a l  d a y s . When th e  r e ­

a c t io n  had proceed ed  f o r  l e s s  th a n  an hour some u n rea c ted  

monoxime p r e c ip i t a t e d  a t  th e  b e g in n in g  o f th e  r e a c t io n .

In  a l l  e a se s  as th e  f i n a l  q u a n t i t i e s  o f  m a te r ia l  came 

out o f  s o lu t io n  in  each  p a r t ic u la r  run th e  monoxime p r e ­

c ip i t a t e d  w ith  th e  d ioxim e in  an e v e r  in c r e a s in g  p r o p o r t io n .  

I t  i s  n o t known what th a t  p ro p erty  o f  the dioxim e i s  w hich  

would cau se  i t  to  come out o f  s o lu t io n  s lo w ly  and con­

t in u o u s ly .  The monoxime h as r e p e a te d ly  been  shown to  

p r e c ip i t a t e  im m ed iate ly  upon a c id i f i c a t i o n  o f  i t s  b a s ic  

s o lu t io n .  I t s  i s o l a t i o n  in  th e  t a i l  crop s o f th e  d ioxim e

(5 3 ) F . Kehrmann and J .  M essin g er , B er. 2 3 . 2816 (1 8 9 0 ) .
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i s  th erefor©  p robab ly  dme to  a e id  h y d r o ly s is  o f  th e  e x i s t e n t  

d is s o lv e d  d io x im e . The carbon atom a t w hich h y d r o ly s is  

o f  th e  dioxim e occu rred  was n ot known and th e r e  e x is t e d  

th e  p o s s i b i l i t y  th a t  th e  3-oxim e isom er m ight have been  

form ed.

P ig .  i | l

To check t h i s  th e  y e llo w  p rod u et o b ta in ed  a t  th e  

end o f  th e  dioxim e s y n th e s is  was r e c r y s t a l l i z e d  from  e th a n o l  

and th e  u l t r a - v i o l e t  a b so rp tio n  s p e c tr a  o f  m a te r ia l  from  

a f i r s t  and a secon d  crop o f  c r y s t a l s  were d eterm in ed  a lo n g  

w ith  th a t  o f  th e  sm a ll amount o f  base s o lu b le  m a te r ia l  

i s o l a t e d  in  a n i t r o s a t io n  o f  5~P^eny l ”2-hyd roxyth iop hen© . 

The th r e e  cu rves were compared w ith  th e  curve o f  a p u re , 

a u th e n tic  sample o f 2 - oxim e. The two d ioxim e p rod u ct  

eu rves were very  s im ila r  t o  th e  monoxime c u r v e , a lth ou gh  

n o t i d e n t i c a l .  The a b so rp tio n  curve o f th e  n i t r o s a t io n  

p rodu ct o f  5> -phenyl-2-hydroxyth iophene was s h i f t e d  very  

much to  th e  l e f t .  The h y d r o ly s is  p rod u ct was th e r e fo r e  

th e  2 -  and n o t th e  3" oxim e. (See F ig* IplA)

The f o l lo w in g  y i e l d s  were o b ta in ed  a f t e r  v a r io u s  

le n g th s  o f r e a c t io n  time b e fo r e  a c id i f i c a t i o n :  T h ir ty
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m in u te s , d ioxim e 35> per  e e n t ,  monoxime 60 per  c e n t;  one 

h o u r , d ioxim e if9 p er  c e n t ,  monoxime 27 per  c e n t;  s i x  

h o u r s , d ioxim e 71 per e e n t ,  monoxime 5 per c e n t .

She d ioxim e can b e s t  be removed from th e  monoxime 

by e x tr a c t in g  w ith  warm b en zen e , and p u r i f ie d  by r e c r y s t a l ­

l i z a t i o n  from  th e  same s o lv e n t .  The dioxim e i s  a c o l o r l e s s ,  

c r y s t a l l in e  s o l id  th a t  m e lts  a t  1 2 6 .if -1 2 6 .8 ° .  I t  i s  e x ­

trem ely  s o lu b le  in  e th a n o l and e th e r ,  m od erate ly  s o lu b le  

in  b en zen e , and in s o lu b le  in  p etro leu m  e th e r .  The com­

pound g iv e s  th e  c h a r a c t e r i s t i c  red  p r e c i p i t a t e ,  charac­

t e r i s t i c  o f  a lpha dioxim e g r o u p s , w ith  n i c k e l .  As in  th e  

ca se  o f  th e  monoxime a s e r i e s  o f  sp o t t e s t s  was made 

w ith  aqueous s o lu t io n s  of a la r g e  number o f  in o r g a n ic  

s a l t s  a t a  c o n c e n tr a t io n  o f  0 .1  mg. p er  m l. A 0*25 per  

c e n t s o lu t io n  o f th e  d ioxim e gave a r e d  p r e c ip i t a t e  w ith  

N i++, a dark b lu e -b la c k  p r e c ip i t a t e  w ith  Fe+++, a brown-
JLJ,

y e llo w  p r e c ip i t a t e  w ith  Gu ,  and a p in k  c o lo r  w ith  Co •

The p r e c ip i t a t e  w ith  ir o n  was much darker and h e a v ie r  

than th e  copper or n ic k e l  p r e c i p i t a t e s .  The d ioxim e  

gave a p o s i t i v e ,  b lu e -g r e y  sp o t  t e s t  f o r  ir o n  a t  a con­

c e n tr a t io n  o f  f i v e  p a r ts  p er  m i l l i o n  o f  f e r r i c  c h lo r id e ;  

t h i s  t e s t  was u sed  throughout th e  in v e s t ig a t io n  o f  th e  

dioxim e t o  in d ic a te  th e  p r e sen ce  or absence o f t h i s  

compound.

One o f th e  t y p ic a l  r e a c t io n s  o f  orth o -q u in on e
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d io x im es i s  th e  fo rm a tio n  o f  fu r a z a n s ^ -^  .  Green and Rowe 

p repared  th e  fu ra za n  o f  ortho-nap hth aqu in one d ioxim e by 

th e  steam  d i s t i l l a t i o n  o f t h i s  compound from  base* A

(BASfC Solution)

/L̂ <Vs/ec»*v,)

F ig .  k2

s o lu t io n  o f  th e  th iop h en eq u in on e dioxim e in  1 p er  cen t  

sodium  h yd roxid e s o lu t io n  was s t e a m - d i s t i l l e d  w ith  su p er­

h e a te d  steam . E ig h ty  f i v e  p er  e e n t  o f  th e  dioxim e was 

rec o v er ed  unchanged. The d i s t i l l a t e  upon e th e r  e x tr a c t io n  

was found to  c o n ta in  9 p er  c e n t  o f  a f o u l - s m e l l in g  o i l*

The p r e p a r a tio n  o f  th e  fu ra za n  was th en  attem p ted  by

d i s t i l l a t i o n  o f 1 g .  o f  th e  d ioxim e w ith  su p erh eated  

steam  from  18 N h y d r o c h lo r ic  a c id .  The d i s t i l l a t e  con­

ta in e d  0*33 g* o f  a c o lo r l e s s  s o l i d  w hich a f t e r  r e p e a te d  

r e e r y s t a l l i z a t i o n  from  p etro leu m  e th e r  had a m e lt in g  p o in t  

o f  93*6-9 l|-* l0 # and 0 .0 2  g .  o f  s u l f u r .  From fche p o t l iq u id

0
(5>lj.) A. G. Green and F . M. Rowe, J .  Ghem. S o c . I l l  . 617 (1917)*

F ig .  Lj.3
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th e r e  was i s o l a t e d  0 .1 7  g« o f  5 - p k e n y l - 3 - h y d r o x y o x a z in e o n e  

w hich showed no m e lt in g  p o in t  d e p r e ss io n  on adm ixture w ith  

th e  h y d r o ly s is  produ ct o f  th e  monoxime, 0*12 g .  o f th e  

monoxime whieh was i d e n t i f i e d  by m e lt in g  p o in t  and m ixed  

m e lt in g  p o in t  w ith  an a u th e n tic  sa iq p le , and 0 .0 6  g .  o f  

a non -b ase  s o lu b le  m a te r ia l  w hich m ight p o s s ib ly  have  

been  th e  amide d e sc r ib e d  b e lo w .

The i d e n t i f i c a t io n  o f th e  m a te r ia l  i s o la t e d  from  

th e  d i s t i l l a t e  proved  to  be an in t e r e s t in g  problem . Samples 

c r y s t a l l i z e d  from e th a n o l and from  low  b o i l in g  p etro leu m  

e th e r  w ere an a lyzed  and found t o  have th e  form u la  CXoH6Ha0 .

Ho s u i ta b le  compound b ea r in g  su ch  an e m p ir ic a l form u la  

and m e lt in g  n ear 93° co u ld  be found in  th e  l i t e r a t u r e .  

Assuming th a t  th e  p h en y l group rem ained i n t a c t  we co u ld  

d e sc r ib e  our m o lecu le  a s C6H5-C4HaGH. I t  seemed p o s s ib le  

th a t  th e  h ig h ly  u n sa tu ra te d  C4Na0H grouping m ight c o n ta in  

a n i t r i l e  group . The compound was su b je c te d  t o  two r e a c t io n  

p roced u res w hich are t y p i c a l l y  a p p lie d  t o  n l t r i l e s .  The 

f i r s t  was h y d r o ly s is  in  r e f lu x in g  $0  p er  e en t s u l f u r i c  

a c id ,  w hich h y d r o ly z e s  n i t r i l e s  t o  earboxy a c id s .  T h is  

gave an a c id  w hieh m e lte d  from 176.5**177*8° .  A n a ly s is  

showed i t s  form ula  t o  be GXoH7H03 *

CsH5C3H0H-GN -+ C6H6CsN0H-C00H

c10h6n* o c10h7ho3

P ig .  l}4
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In th e  second  experim ent th e  unknown was s t i r r e d  in  con­

c e n tr a te d  h y d r o c h lo r ic  a c id  a t room tem per attire f o r  

e ig h te e n  h o u r s . P a r t ia l  h y d r o ly s is  g e n e r a l ly  occu rs  

w ith  n i t r i l e s  under th e se  c o n d it io n s  and am ides are p ro ­

duced . Press the unknown th e r e  was o b ta in ed  in  t h i s  

manner a c o l o r l e s s ,  n o n -a c id ic  s o l i d  m e lt in g  a t  20 3 * 0 -  

2 0 3 .5 ° .  A n a ly s is  showed th a t  t h i s  su b sta n ce  had th e  

e m p ir ic a l form ula C10H8]faOa .

Furtherm ore when i t  was r e f lu x e d  w ith  d i lu t e  h y d r o c h lo r ic  

a c id  th e  a c id ,  Clo l 7H03 , was prod u ced . Thus i t  was e s ­

ta b l is h e d  th a t  our m o lecu le  was C6He -C3N0H-CN. Assuming 

th a t  th e  th r e e  unaccounted  fo r  carbons form ed a ch a in  

l in k in g  th e  p h en y l group and the n i t r i l e ,  and k eep in g  

in  mind th a t  th e  compound i s  s o lu b le  in  n e i th e r  a c id  n or  

b a s e , o n ly  two s t r u c tu r e s  are  p o s s i b l e ,  A and B . A lthough

P ig .  ij-6

n e ith e r  o f th e se  compounds i s  d e sc r ib e d  in  th e  l i t e r a t u r e  

b oth  o f  th e  d e r iv e d  a c id s  a r e .  The a c id  from  compound A

G iaHgMa0 ”* ®3.Q^8®8®8

C6H6CaN0H-GN C6HeCaI0H-C0!Ha

P ig .  k$

A
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m e lts  a t  162 ° ,  th a t  o r  compound B m e lts  a t 1 7 7 - I 7 8 0  and 

th e  n i t r i l e  was a ss ig n e d  th e  s tr u c tu r e  o f  3 -p h e n y l-5 -  

c y a n o is o x a z o le , B .

We d id  n ot attem pt t o  s y n th e s iz e  t h i s  compound and 

th u s do n o t  have u n eq u iv o ca l p r o o f o f  i t s  s t u r c t u r e .  I t  

sh ou ld  be n o ted  th a t  th e  5“P h en yl-3 -® y& n oisoxazo le  i s  th e  

ex p ected  d e r iv a t iv e  but we o b ta in ed  in s te a d  th e  isom er

/t/oH
i»

t r x " ’ * -" f-v  1  t —  ^  1 1 ' i r - * r " '
e - i  r ~  r  w

H H *tl £

F ig*  lj.7

in  whieh th e  o x a z o le  n itr o g e n  i s  a d ja c en t t o  th e  p h en y l 

group* The e a s i e s t  e x p la n a tio n  fo r  th e  fo rm a tio n  o f  the  

o p p o s ite  is o x a z o le  i s  th a t  th e r e  i s  an a c id  c a ta ly z e d  

t r a n s f e r  o f th e  oxime group from  th e  a lp h a  carbon atom 

o f  th e  hydroxam ie a c id  to  th e  gamma carb on . In  v iew  o f  

the d is p r o p o r t io n a t io n  o f th e  a lp h a  d ik eto n e  monoximes 

in  c o n c en tr a ted  h y d r o c h lo r ic  a c id  p r e v io u s ly  d is c u s s e d ,  

t h i s  s te p  i s  n o t to o  e x tr a o r d in a r y . The c y c l i z a t io n  o f  

b e ta  d ik e to n e  monoximes to  i s o x a z o le s  i s  a w e l l  e s t a b l i s h e d  

r e a c t i o n ^ ^ '^ ^  •

(55 ) L . C la is e n , B er . 2l±, 3900 (1 8 9 1 ) .
(56 ) N• V . S id gw ick , The O rganic C hem istry o f  N itr o g e n ,  

Clarendon P r e s s ,  O xford, 1937# P* 17 i»
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A co m p le te ly  analogou s s e r i e s  o f r e a c t io n s  was 

c a r r ie d  out by Benary and S ilb e r s tr o m w / • E th y l 5 -m eth y l-

2 ,  3 -th io p h en eq u in o n e -2 -o x im in o -3 -h y d r  az ino-ij.-e a rb o x y la te  

was r e f lu x e d  in  a lc o h o l  c o n ta in in g  h y d r o c h lo r ic  a c id  and 

e th y l  l-p h en y l-3 -m eth y l«5> -eyan op yrazin © -I}-earb oxy la te  

was form ed. Benary a ls o  found i t  n e c e s s a r y  to  h y d ro ly ze

F ig .

th e  n i t r i l e  to  th e  a c id  in  order to  id e n t i f y  h i s  compound 

and he found to  h i s  su r p r is e  th a t  h i s  p h en yl d ia z o  

group in g  was in  th e  r e v e r s e  o f th e  e x p e c ted  ord er j u s t  

as we had o b ta in ed  a r e v e r s a l  o f th e  ex p e cted  n itr o g e n  

oxygen lin k a g e  in  th e  i s o x a z o le .  He e x p la in e d  t h i s  by 

p o s t u la t in g  a c id  c le a v a g e  o f th e  p h en y l h y d ra zo n e , r e ­

com b ination  a t th e  gamma ea rb o n y l and th en  c y c l i z a t i o n .  

The fo l lo w in g  mechanism was p ro p o sed .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



63

EtOOCr ------- . = l * W « 0  Hcf e t o o c - c
^  II ,=McS <

nS-om

c o o  E t :
E t o o c - c  C - C N  t 1 c l  C H CO C.H C o C-N

II J -#-^  /V
CHS"3

:t>0trC ( W e t

CH% C - c H-c o c n  C H , - c - < = c - c.m
V. -Hit S % I .  . .   c * “ o £ t

— ii i >ii J
O d

F ig*  53

> — » jj y -N

The p r e p a r a tio n  o f  th e  fu ra za n  a g a in  was a ttem p ted , 

t h i s  tim e by h e a t in g  th e  dioxim e in  an anhydrous so lv e n t*  

Two g . o f  the compound was r e f lu x e d  in  to lu e n e  ( b o i l in g  

p o in t  1 1 1 °) fo r  two h o u r s . There was i s o l a t e d  O.6 3  g* 

o f  u n rea cted  d ioxim e and 0*65 g* o f a b a s e - in s o lu b le ,  

ta n  s o l i d ,  m e lt in g  p o in t  3lj.7-l5f?0 • By r e e r y s t a l l i z i n g  

from  a lc o h o l  w ith  th e  use o f  Dareo th e r e  was o b ta in ed  

c o lo r le s s  c r y s t a l s  m e lt in g  p o in t  2 0 5 -2 0 6 ° . We e x p e c ted  

t h i s  compound to  be th e  fu ra za n  but i t s  a n a ly s is  f a i l e d  

t o  agree w ith  the c a lc u la t e d  v a lu e s  and th e  n a tu re  and 

s tr u c tu r e  o f t h i s  compound rem ain u n c e r ta in .

We were in t e r e s t e d  i n  c le a v in g  th e  C=N lin k a g e s  o f

th e  d ioxim e in  order to  se e  which oxlme group was th e  

more l a b i l e .  The a c id ic  steam  d i s t i l l a t i o n  had y ie ld e d  

th e  2 -  oxime in  12 per c e n t y i e l d ,  and in  a d d it io n  th e
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dioxim e a p p aren tly  was h y d ro ly zed  t o  t h i s  monoxime upon 

sta n d in g  in  d i lu t e  h y d r o c h lo r ie  a sId  fo r  s e v e r a l  d a y s .

The u se  o f  p y ru v ie  a c id  as sa exchange r e a g e n t appeared  

to  be th e  m ost p rom isin g  h y d r o ly t ic  t o o l  f o r  rem oving  

th e  oxime group w ith o u t c le a v in g  th e  r in g .  A m ixture o f  

1 g . o f  th e  dioxim e and 1 .5  m l. o f  p y ru v ic  a c id  in  26 m l. 

o f  75 P©r c e n t a c e t ic  a c id  was r e f lu x e d  f o r  fo u r  h o u r s .  

E igh t-h u n d red th s o f  a gram (55%) o f  s u l fu r  p r e c ip i t a t e d .  

There was a ls o  i s o l a t e d  0.i},6 g .  (6 0 $ ) o f  3 -p h e n y l-5 -  

e y a n o is o x a z o le . In  c o n tr a s t  t o  t h i s ,  in  a s im ila r  r e ­

a c t io n  w ith  th e  monoxime 85 p er  c e n t  o f th e  s t a r t in g  

m a te r ia l  was r e c o v e r e d . T h is i l l u s t r a t e s  th e  d if f e r e n c e  

in  th e  s t a b i l i t y  o f  th e s e  two compounds.

The b en za ld eh y d e-o x a zo le  r e a c t io n  ( e f .  p .^ fc ) was 

attem p ted  w ith  th e  d io x im e . S in ce  th e  d iox im e decomposed  

vfcen h e a te d  above 126° th e  benzaldehyde s o lu t io n  was 

k ep t a t 100° in s te a d  o f 150° f o r  tw enty fo u r  h ou rs in s te a d  

o f  e ig h t .  There was i s o la t e d  from  0 .5  g* o f  d io x im e ,

O.OI4. g* o f  a b a s e - s o lu b le  s o l i d ,  and 0 .2 8  g .  o f impure 

b a s e - in s o lu b le  m a te r ia l  which proved  to  be th e  3 -p h e n y l-  

5 -cy a n o iso x a $ ;o le .

Tappi and F o r n i ^ ^  s tu d ie d  th e  b a c t e r ic id a l  a c t i v i t y  

o f  h e t e r o c y c l ic  d e r iv a t iv e s  o f o r th o -q u in o n es o f  th e

(57)  Tappi and P . V. F o r n i, Ann. Chim. A p p lic a ta  3 8 .
602 (19li.8)j C. A. U5.* 9 8 0 l4 f(1 9 5 D •
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f o l lo w in g  ty p e s :

O r  *< 0 € e >  - < x
o

A c
F ig .  53 A

The a c t i v i t y  o f typ e  B was the g r e a t e s t  in  th e  s e r i e s  

and th e  a c t i v i t y  o f  C, and D was p o s tu la te d  t o  be due to  

the fo rm a tio n  o f  B . The 5 -p h e n y l-2 ,3 -th io p h e n e q u in o n e -

2 ,3 -d io x im e  a t  th e  p r e se n t  tim e i s  b e in g  c o n s id e r e d  fo r  

p h arm aco log ica l t e s t i n g .
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IV . 5-Phenyl- 2 ,3  -  t h i  ophene quin one-3  -  ox. irae

As a f i n a l  phase o f  t h i s  stu dy we attem p ted  to  

p repare 5 "Phony1 - 2 ,  3 - th io p h en eq u in o n e-3 -o x im e, I .  We

I

were in t e r e s t e d  in  t h i s  compound because o f  i t s  r e la t io n s h ip  

to  th e  2 -ox irae• I t  would be . e s p e c ia l ly  d e s ir a b le  to  le a r n  

how t h i s  compound would respond  t o  c le a v a g e  r e a c t io n s ,  

what th e  d eg ra d a tio n  p ro d u cts  would b e , and whet would  

happen i f  i t  were r e f lu x e d  in  arom atic a ld e h y d es . The 

p r e p a r a tio n  o f th e  dioxim e from  th e  3 -o x ia e  would have  

rounded out the two s e r i e s  o f  oxime sy n th e se s  and would  

have been  stro n g  a d d it io n a l  e v id e n c e  f o r  th e  s t r u c tu r e s  

o f  a l l  th e  compounds in v o lv ed #

As in  the p r e p a r a tio n  o f  th e  2 - oxim e, th e  co rresp o n d in g  

hydroxyth ioph en e was prepared  and th en  n i t r o s a t e d .  In ste a d  

o f  th e  d e s ir e d  p r o d u c t , d eco m p o sitio n  and d im e r iz a t io n  

occu rred  and in  a s e r i e s  o f  r e a c t io n s  c a r r ie d  out under  

v a r io u s  c o n d it io n s  o n ly  tr a c e  q u a n t i t ie s  o f a m a ter ie l  

w hich m ight have been  th e  3-oxim e were i s o l a t e d .

The fo l lo w in g  r o u te  t o  th e  oxime was in v e s t ig a t e d .
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P ig .  I4-8

P h en ylth iop h en e was p repared  by th e  a eth od  d e­

v e lo p ed  by S t e e l e i n  t h i s  la b o r a to r y  from  th iop h en e  

and ey c lo h ex a n o n e . We a ls o  attem p ted  t o  prepare t h i s  

compound by h e a t in g  1-p h e n y lb u te n e - l  w ith  s u l f u r .  The 

o l e f i n  was s y n th e s iz e d  from  phenylaagnesiura bromide and 

n -b u tera ld eh y d e  v ia  a G rignard r e a c t io n .  The p ro p y l

B r  +  CH3 C H e  — ►  — f ^ C H o H c H tC H ^ C H ^

P ig .  k9

p h en y l e a r b in o l o b ta in ed  in  th e  G rignard r e a c t io n  was 

dehyd rated  during f r a c t io n a l  d i s t i l l a t i o n  o f  the pure
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o l e f i n  from  a m ixtu re  o f  e a r b in o l and 85 per  c e n t  p h osp h oric  

a c id  a t reduced p r e ssu r e  under n itr o g e n *  The d eh y d ra tio n

£ M = C M fcMt c

P ig .  50

went in  66 p er  c en t y i e l d ,  th e  o v e r a l l  y i e l d  from  p h en y l 

magnesiura bromide was 35 P®r  cen t*

Brown and V o r o n k o v d e s c r i b e d  th e  p r e p a r a tio n  

o f  p h en y lth iop h en e  from  th e  r e a c t io n  betw een 1 -p h .en y lb u ten e -l 

and s u l f u r .  The o l e f i n  was h e a te d  w ith  s u lfu r  f o r  15 h ou rs  

a t 200- 2500 and th e r e  was d i s t i l l e d  from  th e  r e a c t io n  

p rodu ct a 35 P®n c e n t  y i e l d  o f  crude p rodu ct b o i l in g  

betw een 80 and 105° (5 mm). We a ttem p ted  th e  same proced u re  

w ith  la r g e r  q u a n t i t i e s .  The r e a c t io n  d id  n o t go as de­

s c r ib e d . P henylbutene b o i l s  a t  190-193° and we cou ld  

n o t g e t  th e  tem perature above 2 0 0 ° . A fte r  13 h ou rs a 

c o n s id e r a b le  amount o f d eco m p o sitio n  had o ccu rred . We 

e v e n tu a l ly  o b ta in ed  5*0 grams (lj.,1 p er  c e n t)  o f  p h en y l­

th io p h e n e . H o r t o n p r e p a r e d  1 -p h en y lth io p h en e  in  19 

p er  cen t y i e l d  by adding 1 -p h en y lb u ta d ien e  dropw ise t o  

m olten  s u lfu r  a t  3l}.0o a t  a p r e ssu re  o f  300 mm. The 

p h en y lth iop h en e  d i s t i l l e d  from  the r e a c t io n  m ixture as  

i t  was form ed. The same procedure was fo llo w e d  e x a c t ly

(51 ) M. Gr, Voronkov and A* C. Brown, J .  Gen. Ghem. (USSR)
1 2 , (81) 1356 (19U-9).

(59) A* W. H orton , J .  Org. Chem. H i, 7&1 (19^-9) •
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w ith  1 -p h e n y lb u te n e - l .  S ix ty  th r e e  p er  c e n t o f th e  o l e f i n  

was reco v ered  u n rea cted  and a y i e l d  o f p er  cen t o f  

pure p h en y lth iop h en e  (b ased  on u n recovered  p h en y lb u ten e ) 

was o b ta in ed .

The 5 -p h en y l-2 -h y d ro x y  th iop h en e  was p rep ared  by a 

m o d if ic a t io n  o f  th e  method o f  Hurd and Kreuz^1^ .

P h en ols may be prepared  by th e  o x id a t io n  o f arylm ag- 

nesium  h a l i d e s ,  a lth ou gh  th e  y i e l d s  are g e n e r a l ly  poor and 

w ith  th ienylm agnesium  h a l id e s  are p a r t ic u la r ly  u n s a t i s f a c -  

t o r y ^ " ^ .  Kharaseh and R eynolds found th a t  the  

p resen ce  o f an alkylm agneslum  h a l id e  f a c i l i t a t e s  th e  con­

v e r s io n  o f  th e  arylm agnesium  brom ides to  p h en o ls  w ith  a 

c o n s id e r a b le  in c r e a se  in  y i e l d .  The e x p la n a tio n  i s  ad­

vanced th a t  a p ero x id e  i s  f i r s t  form ed w hich i s  r a p id ly  

reduced to  the d e s ir e d  s a l t  by th e  alkylm agneslum  h a l id e .

In  th e  absence o f th e  a lk y  lmagne slum  h a l id e  th e  p ero x id e

ArMgBr + 0a -*■ ArOOMgBr ArOMgBr + ROMgBr

i s  s lo w ly  reduced by another m o lecu le  o f  arylm agnesium  

h a l id e  and a com peting d eco m p o sitio n  to  dimer and ta r s  

s e r io u s ly  low ers y i e l d s .

s t a r s ,  b ia r y ls
ArOOMgBr

Y 2 . ArOMgBr

(60 ) M. S . Kharaseh and W. B. R ey n o ld s , J .  Am. Chem. S o c . 
6%, 501 (1911-3).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



H urd and K r e u z ^ ^  fo u n d  t h a t  th e  u s e  o f  a  l a r g e

e x c e s s  o f isopropylm agne slum  h a l id e  made p o s s ib le  th e  

s y n th e s is  o f  2 -h yd roxyth iop h en e in  20 -25  Pe r  c e n t y ie ld *

lith iu m  typ e  o f  organ© m e t a l l ic  compound w hich was p r e ­

pared  from  p h en y lth iop h en e  and b u ty l l i th iu m  and th u s  

avoid ed  th e  in te rm e d ia te  p r e p a r a tio n  o f th e  brom ide. A 

th r ee  m olar e x c e s s  o f  cy e lo h e x y  lmagne slum  bromide was 

added and oxygen was r a p id ly  bubbled in t o  th e  r e a c t io n  

m ix tu r e , c o o le d  t o  -5 0 °  in  a Dry le e -a c e to n e  b a th , u n t i l

a b so rp tio n  no lo n g e r  o ccu rred . T h is procedure gave 5“ 

p h en y l-2 -h y d ro x y th iop h en e in  30 P©r e e n t  y i e l d .

We attem p ted  to  p rep are  5 -p k © » y l-2 ,3 -th lo p h en eq u in o n e-

3-oxim e by n i t r o s a t io n  o f  th e  2 - t h ie n o l  w ith  n itr o u s  a c id ,  

w ith  isoam yl n i t r i t e ,  and w ith  n itr o g e n  o x id e  g a s e s .  In  

no procedure were we a b le  to  i s o l a t e  any more than tr a c e s  

o f  a b a s e - s o lu b le  s o l i d  which m ight p o s s ib ly  have been  

the d e s ir e d  compound. In  th e  procedure p a tte r n e d  a f t e r  

th e  p r e p a r a tio n  o f  2 - oxim e, a s o lu t io n  o f 5-*pheny 1 -2 -  

hydroxy th iop h en e  in  e th a n o l was added to  a s o lu t io n  o f  

sodium n i t r i t e  in  $0  p er  c e n t e th a n o l .  The a d d it io n  o f

(61 ) R . J .  F . P a lch ak , R esearch  c u r r e n t ly  in  p r o g r e ss  a t  
the U n iv e r s ity  o f  C in c in n a t i .

improved th e  proced ure by u s in g  th e  t h ie n y l

Pis. 5 k
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t h i s  to  e x c e s s ,  d i lu t e  h y d r o c h lo r ic  a c id  at 0° gave a

sk y -b lu e  p r e c ip i t a t e  from which was i s o l a t e d  lj.0 per  cen t
_ _ r 3 ,3  (2H,2H«)o f  th e  o r ig in a l  compound as 5 ,5 * - d ip h e n y l - [/*

b ith iop h em eJ-2 ,2* -d ion ©  and 15 p er  e e n t a s a b a s e - in s o lu b le

t a r ,  and about ij.0 p er  cen t a s a b a s e - s o lu b le  t a r .  In  one

ca se  on ly  was th e r e  i s o l a t e d  a s u f f i c i e n t  q u a n tity  o f

y e llo w  s o l i d  from  th e  b a s e - s o lu b le  ta r  to  o b ta in  a m e lt in g

p o in t  ( I 96 - I 980 r e c r y s t a l l i z e d  from  p etro leu m  e th e r )  and

u l t r a - v i o l e t  a b so rp tio n  curve ( F ig .  I4.IA ).

The procedure o f  Hodgson and D a v i e s f o r  th e

n i t r o s a t io n  o f th e  2 -  and 3"* h yd roxyfu ran s was t r i e d .  An

aqueous s o lu t io n  o f  th e  sodium s a l t  o f  5 -p h e n y l-2 -h y d r o x y -

th iop h en e and sodium n i t r i t e  was added dropw ise to  a

s t i r r e d ,  i c e - c o l d ,  d i lu t e  s o lu t io n  o f  h y d r o c h lo r ic  a c id .

T h is procedure y ie ld e d  alm ost no b a s e - s o lu b le  m a te r ia l ,

but d id  g iv e  th e  dimer in  h ig h  c o n v e r s io n .

N itr o s a t io n  w ith  iso a m y l n i t r i t e  and hydrogen

c h lo r id e (^3) ^ ^ e r  anhydrous c o n d it io n s  y ie ld e d  27 p er

cen t o f d im er, 20 p er  c en t o f  b a s e - s o lu b le  t a r ,  and 37

per c e n t o f b a s e - in s o lu b le  t a r s .  N itro g en  o x id e  g a s e s ,

e v o lv e d  from  th e  r e a c t io n  o f  h y d r o c h lo r ic  a c id  w ith

sodium n i t r i t e ,  were p a sse d  through ca lc iu m  c h lo r id e  and

(62)  H.  H.  Hodgson and R. R . D a v ie s , J . Chem. S oc* , lOllj. (1 9 3 9 ) .

(6 3 ) I .  A* B a r ltr o p , A. J .  Johnson, and G-. D. M eakins, J .
Chem. Soc*, 181 (1951)*

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



th en  bubbled, through an anhydrous s o lu t io n  o f  5“pkenyl*-2- 

hyd roxyth iop h en e in  e th e r  a t  0 ° .  A c o n s id e r a b le  amount 

o f  dimer form ed to g e th e r  w ith  a r e d , b a s e - s o lu b le  o i l  

w hich we were n o t s u c c e s s f u l  in  i d e n t i f y in g .
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We have prepared  3“b y d ro x y -5 -p h en y lth io p h en e  by 

im proved p roced u res b ased  on P r ie d la n d e r * s  s y n t h e s i s ,  

and have in v e s t ig a t e d  i t s  p r o p e r t ie s .  I t  i s  a  c o lo r le s s  

s o l i d  w hich can be r e a d i ly  o x id iz e d  t o  a th io in d ig o  d im er. 

The u l t r a - v i o l e t  spectrum  in  e th a n o l i s  a lm ost id e n t i c a l  

w ith  th a t  o f  th e  m eth yl e th e r  w hich se r v e s  as a model fo r  

th e  e n o l form . In  ch loro form  th e  spectrum  i s  d i f f e r e n t ,  

a m inor maximum a t  330/*^ oecu rs w hieh i s  c h a r a c t e r i s t i c  

o f  th e  0=0-0=0 sy stem . T h erefore  i t  i s  l i k e l y  th a t  th e  

e n o l form  predom inates in  a lc o h o l ic  s o lu t io n ,  th e  k e to n ic  

in  ch lo ro fo rm . From 3“h y d ro x y -5 -p h e n y lth ioph en e th e re  

can be prepared  a m ethyl e th e r ,  a c e ta te  e s t e r ,  a 2 - n i t r o s o  

compound, and a tribrom o d e r iv a t iv e .  The t h ie n o l  d id  n o t  

form  a sem iearbazone nor y i e l d  i s o l a b l e  b a s e -c a ta ly z e d  

c o n d en sa tio n  p ro d u cts  w ith  £ -n it r o s o -U ,H -d im e th y la n i l ln e .

The monobromo compound o f  th e  m eth y l e th e r  was p repared  

by th e  W oh l-Z leg ler  r e a c t io n ,  but decomposed a t  room 

tem perature in  a few  h o u r s . A s im i la r ly  p repared  d e r iv a t iv e  

o f  the h yd roxyth iop h en e a p p a ren tly  decomposed as i t  was 

form ed.

We a t te m p te d  to  h y d ro ly z e  th e  oxime group in g  o f  

5 -p h e n y l-2 ,3 -th io p h e n e q u in o n e -2 -o x im e  by a v a r ie t y  o f  

p roced u res w ith  m in era l a c id s ,  and carb on y l compounds, 

a lon e  or in  com b in a tion , in  ord er  to  prepare th e  quinone
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o f  p h e n y lth io p h en e . The car b o n -n itr o g e n  bond was e x t r a ­

o r d in a r ily  s ta b le  and ru p tu re  of th e  r in g  occu rred  b e fo re  

oxime h y d r o ly s is *  P ro lon ged  h e a t in g  o f th e  oxime w ith  

a c id s  le d  to  th e  fo l lo w in g  tr a n sfo r m a tio n s:

The a c t io n  o f  carb on y l compounds and n it r o u s  a c id  de­

r iv a t i v e s  a s c le a v a g e  a g e n ts  was n e g l i g i b l e .  Prom th e  

5 -p h en y l -  2 ,3  -  th  i  ophene qu in  one -  2 -  ox ime we p repared  an a c e ­

t a t e  e s t e r ,  a 2 , i^ -d in itro p h en y lh y d ra zo n e , a d io x im e, and 

s u b s t i t u t e d  th ie n o o x a z o le s*  The monoxime e n te r e d  in to  

complex fo rm a tio n  w ith  ex trem ely  d i lu t e  s o lu t io n s  o f  

Group I  c a t io n s .

B e f lu x in g  th e  oxime in  arom atic a ld eh yd es le d  to  

s u b s t i t u t e d  t h ie n o x a z o le s .  The r e a c t io n  d id  n o t work

c~&en

cdchl c o c o o v i

F ig .  55

CHO

P ig .  56
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w ith  a l ip h a t ic  a ld e h y d e s . A s e r a i-q u a n t ita t iv e  stu dy o f  

t h i s  r e a c t io n  d id  n ot d i s c lo s e  *h a t m a t e r ia ls ,  i f  any, 

c a ta ly z e  t h i s  r e a c t io n .  The oxime d id  n o t form  an o x a z o le -  

N -ox id e  when a s o lu t io n  w ith  benzaldehyd e in  g l a c i a l  

a c e t i e  a c id  was tr e a te d  w ith  hydrogen c h lo r id e  as d id  

o th e r  a lp h a  d ik e to n e  monoximes as w e l l  as 1 ,2 ,3 - c y e l o -

h e x a n e tr io n e - l ,3 -d io x im e . B e n z il  monoxime and phenan- 

th ren eq u in on e monoxime on r e f lu x in g  in  benzaldehyde gave

2 -p h en y lim id a z o le  d e r iv a t iv e s  in s te a d  o f th e  o x a z o le s .

The d ioxim e was o b ta in ed  from  th e  r e a c t io n  betw een  

th e  monoxime, and hydroxylam ine in  c o ld ,  s tr o n g ly  a lk a l in e  

s o lu t io n .  I t  i s  a c o lo r le s s  s o l i d  w hieh c h a r a c t e r i s t i c a l l y  

g iv e s  a r ed  p r e c ip i t a t e  w ith  Hi io n s  and w i l l  d e t e c t  

Pe io n s  a t  a c o n c e n tr a t io n  o f f i v e  p a r ts  p er  m i l l i o n .

The dioxim e was s t a b le  in  d i lu t e  b ase  but in  18 normal 

h y d r o c h lo r ic  a c id  was h y d ro ly z ed  p a r t ly  to  th e  monoxime 

and p a r t ly  t o  3 -p h e n y l-5 -c y a n o is o x a z o le .

The i s o x a s o le  was i d e n t i f i e d  by h y d r o ly s is  t o  a 

known a c id ,  and th e  In term ed ia te  amide was a l s o  i s o l a t e d .  

T h is compound i s  in t e r e s t in g  b ecau se  i t s  fo rm a tio n  in v o lv e s  

a rearrangem ent o f  th e  n itr o g e n -o x y g e n  atoms o f  th e  e x p e c ted

F ig .  57

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



i s o x a z o le .  The is o x a z o le  was a ls o  form ed when th e  d ioxim e  

was h e a te d  in  b en za ld eh y d e, or r e f lu x e d  in  aqueous a c e t ic  

a c id  c o n ta in in g  p y r u v ic  a c id .  H ea tin g  th e  dioxim e in  

to lu e n e  gave a n o n -a c id ic  u n id e n t i f ie d  compound.

We in v e s t ig a t e d  th e  f o l lo w in g  ro u te  t o  5**Pk©Bty 1 - 2 ,3 -  

th io p h en eq u in o n e-3 -o x lm e:

P h en y lth iop h en e  was p repared  by th e  method o f S t e e l e .  The 

r e a c t io n  d e sc r ib e d  by Broun and Yoronkov betw een 1 -p h e n y l-  

b u ten e -1  and s u lfu r  gave l e s s  th an  f i v e  p er  cen t y i e l d  

in s te a d  o f  th e  35 p er  c e n t  rep o rted *  The 2 -hyd roxy1 -5 -  

p h en y lth iop h en e  was prepared  by the procedure o f  Kreuz and 

Hurd, i . e .  o x y gen atin g  a m ix tu re  of th ienylm agnesium  h a l id e  

and a lk y  lmagne sium  h a l id e  but p h e n y lth ie n y ll i th iu m  was 

u sed  in s te a d  o f  th e  magnesium compound; t h i s  avo id ed  th e  

p r e p a r a tio n  o f th e  brom ide. We were u n s u c c e s s fu l  in  our 

attem p ts to  n i t r o s a t e  2 -h y d ro x y -5 -p h e n y lth io p h en e . The 

u se  o f  n it r o u s  a c id ,  n itr o g e n  o x id e  g a se s  or isoam yl 

n i t r i t e  and hydrogen e h lo r id e  gave on ly  dimer and t a r s .
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EXPERIMENTAL

3-P h en y l-l,2 -d ith ia ey e lo p en ten e -3 -o n e -5

Ih e r e a c t io n  p ro d u cts  from  two runs o f  i$.8fy. g .  ( 2 . 75g»ol® s ) 

o f  e th y l  einnam ate and 500 g .  o f  su 3 fu r  h e a te d  to g e th e r  

f o r  fo u r  hou rs a t  250° were combined and e x tr a c te d  f i r s t  

w ith  th r e e  500 m l. p o r t io n s  o f  b o i l in g  e th a n o l ,  and th en  

w ith  seven  500 m l. p o r t io n s  o f  b o i l in g  a c e to n e . Prom th e  

e th a n o l th e r e  was form ed upon e o o lin g  a red d ish -b row n  

s o l i d .  A f u r t h e r ,  sm a lle r  q u a n tity  o f p rod u ct was I s o la t e d  

from  th e  e th a n o l by c o n c e n tr a t io n  o f  th e  s o lu t io n ,  but i t  

was n e c e ssa r y  to  r e c r y s t a l l iz ©  t h i s  b a tch  from  e th a n o l .

The e t h y l  a lc o h o l  had e x tr a c te d  on ly  a p o r t io n  o f  th e  

c y c l i c  d i s u l f i d e ,  but a l l  o f  th e  t a r  and th e r e fo r e  th e  

aceton e  e x tr a c t io n s  c o n ta in e d  n e a r ly  pure d i s u l f id e  and 

th e  p rodu ct in  th e s e  e x tr a c t io n s  was r ec o v er ed  by t o t a l  

e v a p o r a tio n  o f th e  s o lv e n t .  A t o t a l  o f $0$  g .  o f

d i s u l f id e  was o b ta in e d . R e c r y s t a l l iz a t io n  o f  a  sample 

from  m ethanol y ie ld e d  l i g h t  y e llo w  c r y s t a l s ,  m .p . 116-  

1 1 6 . 8 ° ( l i t .  m .p . 117° ) ^ .

h -K e to -6 -p h e n y l-3 , 7“d i t h ia - 5 - c i s -*nonenedioic a c id

To an ic e d  s o lu t io n  o f  250 g .  (2*61}. m o les) o f  

m o n o eh lo ro a cetic  a c id ,  n e u tr a l iz e d  w ith  an equ im olar  

q u a n tity  o f  s o l id  sodium  c a r b o n a te , in  1 .5  l i t e r s  o f

( 6I4.) A. L u ttr in g h a u s , H. B. Konig and B . B o o tch er , Ann.
£ 6 0 , 209 ( 1 9 W .
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w ater  was added a s o lu t io n  o f  170 g .  ( 0 .8 8  m ole) o f  c y c l i e  

d i s u l f id e  in  I4.8I1. g .  o f  m o lten  sodium  s u l f id e  n on ah yd ra te . 

U nreacted  d i s u l f id e  p r e c ip i t a t e d  du rin g  th e  a d d it io n  and 

was r eco v ered  and d r ie d . The c l e a r ,  f i l t e r e d  s o lu t io n  o f  

th e  sodium s a l t  o f  th e  d ia c id  was a e id i f i e d  w ith  hydro­

c h lo r ic  a c id  (1 :1 )  u n t i l  i t  turned  Congo red  paper b lu e -  

b la c k  and th e  o i l  thus form ed was a llo w ed  to  stan d  u n t i l  

i t  had c r y s t a l l i z e d .  The procedure was r e p e a te d  tw ic e  

w ith  eq u a l p o r t io n s  o f th e  rem ainder o f the o r ig in a l  

500 g .  o f  d i s u l f id e  and tw ic e  w ith  r e c o v e r e d , d r ie d  d i ­

s u l f i d e .  A fte r  th r e e  days th e  o i l s  had c r y s t a l l i z e d ,  

th e s e  were f i l t e r e d ,  com bined, and d r ie d  to  c o n sta n t  w eigjht, 

S* (5 6 «0$ ) ,  m e lt in g  p o in t  155- 156° ,  a sam ple r e c r y s t a l ­

l i z e d  from  50 Pe** e©nt g l a c i a l  a c e t i c  a c id  m e lte d  a t

1 5 5 . 0- 156 . 0° .

A good amount o f  produ ct rem ained d is s o lv e d  in  th e  

10 l i t e r s  o f f i l t r a t e  but t h i s  was not r e c o v e r e d .

5 -P h e n y l-3 - a c e t  oxy th  i  ophe ne

A f i n e l y  ground m ixture o f 200 g .  ( 0 . 6I4. m ole) o f  

d ia c id  and 200 g .  ( 2 . 1|if m o les) o f  anhydrous sodium  a c e ta te  

was h e a te d  in  600 m l. (651 g*» 6 .3 6  m o les) o f  a c e t i c  

anhydride f o r  fo u r  hours on a w ater b a th . The r e a c t io n  

was c a r r ie d  out in  a 3 ! •  beaker so  arranged in  a w e l l-v e n te d  

hood th a t  a t  the end o f  t h i s  tim e m ost o f  the e x c e s s  

a c e t i c  anhydride had been rem oved. Three l i t e r s  o f  cracked
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i e e  and w ater was added and th e  m ixture was a llo w ed  to  

stan d  o v e r n ig h t . The dark brown, c r y s t a l l in e  p rodu ct was 

i s o l a t e d  by f i l t r a t i o n ,  washed w ith  c o ld  w a te r , and e x ­

tr a c te d  r e p e a te d ly  by s t i r r i n g  w ith  200 m l. p o r t io n s  of  

p etro leu m  e th e r  ( b .p .  90 - 120° ) ,  w ith o u t h e a t in g ,  u n t i l  

spontaneous e v a p o ra tio n  o f the s o lv e n t  from  a t e s t  q u a n tity  

o f  s o lu t io n  in d ic a te d  no fu r th e r  m a te r ia l was b e in g  e x ­

t r a c t e d .  The p etro leu m  e th er  was d ecan ted  in t o  a la r g e  

c r y s t a l l i z i n g  d ish  and th e  s o lv e n t  was a llo w ed  to  e v a p o r a te . 

The produ ct was d r ie d  t o  c o n sta n t w eigh t in  a vacuum 

d e s ic c a t o r  and 112 g .  (9 0 . 2$ ) o f  a s l i g h t l y  y e l lo w ,  

n e a r ly  c o lo r le s s  powder was o b ta in e d , m. p .  72- 75° .

5 -P h e n y l-3-h yd roxyth iop h en e

F iv e  grams o f  5”p h e n y l-3 - a c e to x y th 1ophene was 

d is s o lv e d  in  200 m l. o f 95$  e th a n o l and 10$  sodium h y ­

d rox id e  s o lu t io n  ( c a .  10 m l.)  was added to  th e  s o lu t io n  

b e in g  warmed on a h o t  p la t e  u n t i l  e s t e r  was c o m p le te ly  

s a p o n if ie d .  T h is was t e s t e d  f o r  by adding one drop o f  

the r e a c t io n  m ix tu re  to  s e v e r a l  m l. o f  w a te r . The absence  

o f tu r b id it y  in d ic a te d  th a t  th e  w ater in s o lu b le  e s t e r  had  

been co m p lete ly  h y d r o ly z e d . H y d r o ly s is  took  o n ly  a few  

m in u te s , p ro lon ged  h e a t in g  cau sed  d im e r iz a t io n . A la r g e  

e x c e s s  o f  ic e  w ater  was added and th e  s o lu t io n  was a c id i f i e d  

w ith  d i lu t e  h y d r o c h lo r ic  a c id .  A p in k  p r e c i p i t a t e ,  con­

tam in ated  w ith  darker m a t e r ia l ,  form ed very  s lo w ly .  I t
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was r e c r y s t a l l i z e d  from  p etro leu m  e th e r  (b . p .  14.0- 6 0 ° )  

as l i g h t  y e llo w  c r y s t a l s  th a t  w eighed  2*k- g%, m e lt in g  p o in t  

7 8 °• The y i e l d  was 59^*

5 -Pheny1- 2 , 3 “ th  iop h en eq u in on e- 2- oxime

N in e ty  grams o f 5 -p h en y l-3 -h y d ro x y th io p h en e  a c e ta te  

(O.iili}. m ole) was d is s o lv e d  in  a s o lu t io n  o f I4OO m l. o f  

%% sodium  h yd roxid e (0 .5 0  m ole) in  1 1 . o f  e th a n o l .  The 

s o lu t io n  was warmed on a w ater  bath  u n t i l  h y d r o ly s is  was 

com plete and t h i s  was checked  by adding a drop o f  th e  s o ­

lu t io n  to  s e v e r a l  m l. o f  d i s t i l l e d  w a te r . The form ation  

o f  t u r b id it y  in d ic a te d  u n sa p o n if ie d  e s t e r ,  f o r  when on ly  

th e  th ie n o la t e  io n  e x is t e d  in  s o lu t io n  no p r e c ip i t a t io n  

o ccu rred . At t h i s  p o in t  a  s o lu t io n  o f 55 S* ( 0 .8  m ole) of 

sodium n i t r i t e  in  w ater  was q u ic k ly  added, th e  m ixture  

was im m ed iately  poured in t o  e x c e s s ,  i c e d ,  d i l u t e  hyd ro­

c h lo r ic  a c id  and th e  l i g h t  y e llo w  p r e c ip i t a t e  was i s o l a t e d ,  

d r ie d , r e c r y s t a l l i z e d  from  e th a n o l and r e c r y s t a l l i z e d  a 

secon d  tim e from  t h i s  s o lv e n t  (Darco tr e a tm e n t) . The 

f i l t r a t e s  were reworked s e v e r a l  t im es  and th e r e  was even ­

t u a l l y  i s o la t e d  $2  g .  (61^) o f  y e llo w  n e e d le s ,  m .p . 21l|.-2 l 5 ° .

R e a c tio n s  w ith  f e r r i c  c h lo r id e

a . 5 -P h en y l-3 -h y d ro x y th io p h en e

For th e s e  t e s t s  th e  t h i e n o l ,  f r e s h ly  r e c r y s t a l l i z e d  

from  p etro leu m  e th e r  ({4.0- 60° )  and o b ta in ed  as c o lo r l e s s

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



c r y s t a l s  was u se d . The fo l lo w in g  p r e p a r a tio n s  c o n ta in in g  

hyd roxyth iop h en e were t r e a t e d  w ith  two drops o f 10$  f e r r i c  

c h lo r id e  s o lu t io n .

I .  A s o lu t io n  o f 0 .0 2  g .  o f  t h ie n o l  in  1 .0 £  m l. 

o f  e th a n o l and 2 m l. o f  w a te r . Red c o lo r a t io n  

and red  p r e c ip i t a t e  o ccu rred .

I I .  A s o lu t io n  o f 0 .0 3  g* o f  t h ie n o l  in  2 m l. 

o f  e th a n o l .  A dark r e d -b lu e  c o lo r  de­

v e lo p ed ; upon d i lu t io n  w ith  w ater  a p r e ­

c i p i t a t e  form ed.

I I I .  A s o lu t io n  o f  0*015 g .  o f  t h ie n o l  in  1 m l. 

o f  warm w a te r . The s o lu t io n  to o k  on a r e d ,  

tu r b id  app earance.

IV . A su sp en sio n  o f 0 .0 1  g .  o f t h ie n o l  in  c o ld  

w a te r . There occu rred  no c o lo r  change.

S im u ltan eou s c o n tr o l  t e s t s  were made w ith  p h en o l 

and a p o s i t i v e  r e a c t io n ,  in d ic a te d  by a deep p u rp le  c o lo r ,  

was n o ted  in  each c a s e .

b . 5 “T k en yl-3-m eth oxyth ioph en e

Two drops o f  th e  e th e r  was d is s o lv e d  in  2 m l. o f  

a lc o h o l ,  s u f f i c i e n t  w ater was added to  cause t u r b id i t y ,  

th en  enougja. a lc o h o l  was added t o  r e s to r e  th e  c le a r  s o lu t io n .

A 10$ f e r r i c  c h lo r id e  s o lu t io n  was added dropw ise u n t i l  

th e  s o lu t io n  aga in  became c lo u d y , and c l a r i t y  was then  

again  o b ta in ed  by th e  a d d it io n  o f  a lc o h o l .  At no p o in t
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was th e re  any c o lo r  change.

c • 5 -Pheny1 -2  ,  3 -  th  1 ophene quin  one -  2 -  ox ime

To th e  fo l lo w in g  p r e p a r a tio n s  c o n ta in in g  th e  

oxim e, two drops o f  10% f e r r i c  c h lo r id e  s o lu t io n  was added:

I .  A su sp en sio n  o f oxime in  w a te r .

I I .  A sa tu r a te d  s o lu t io n  o f  oxime in  b o i l in g  

w ater  ( S o lu b i l i t y  «  0 .0 3  g /1 0 0  m l . ) .

I I I .  Three m l. o f  a warraad s o lu t io n  o f  0 .0 2  g .  

o f  oxime in  $ m l. o f e th a n o l and It}. m l. 

o f  w a te r .

IV . A s o lu t io n  o f O.Olj. g .  o f  oxime in  5 ml* o f

a lc o h o l j w ater was added u n t i l  th e  oxime

s t a r t e d  t o  p r e c i p i t a t e .

No c o lo r  change occu rred  in  any t e s t .  A c o n tr o l  

w ith  p h en o l gave p o s i t i v e  r e s u l t s  in  each  e a s e .

5 -Pheny 1 -3  -me th  oxy th  i  ophene

F iv e  grams o f  3-h y d ro x y -5 “ipheny 1 th iop h en e  was p la c e d  

in  a 100 m l. th r e e -n e c k e d  f l a s k ,  and a f t e r  a s o lu t io n  o f  

1 .6  g .  o f  p o ta ss iu m  h yd rox id e  in  20 m l. o f  d i s t i l l e d  w ater  

was added, 3 m l. o f  d im eth y l s u l f a t e  was added dropw ise

over a p e r io d  o f  one hour t o  th e  s t i r r e d  s o lu t io n .  An

atm osphere o f n itr o g e n  was m a in ta in e d . The f l a s k  was 

immersed in  an i c e - s a l t  b a th  du rin g  a d d it io n  o f the  

m e th y la tin g  a g e n t , and a t th e  c o n c lu s io n  o f  th e  a d d it io n  

th e  s o lu t io n  was r e f lu x e d  fo r  20 m in u te s . The o rg a n ic
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la y e r  was sep a ra ted  from  the aqueous phase w hich was e x ­

t r a c te d  w ith  e th e r  tw ic e  and a l l  th e  o rg a n ic  p o r t io n s  were 

com bined. D r ie r i t e  was added and a llo w ed  to  a c t f o r  two 

h o u r s , th e n  i t  was rem oved, th e  s o lv e n t  was ev a p o ra ted  from  

th e  p r o d u ct, and th e  t h ie n o l  e th e r  was d i s t i l l e d  under  

n it r o g e n , b .p .  I 28- I 3J4.0 (2 m m .), 3*15 g« (60$) • The e th e r  

was r e d i s t i l l e d  tw ie e  and was f i n a l l y  o b ta in ed  a s a c o lo r ­

l e s s  l i q u i d ,  b .p .  lij.l-H}.20 (3 m m .), m .p . -3  to  +3°»

A n al. C a lcd . f o r  GxxHxoOS: G, 6 9 . 5 ? H , 5 .3 ;  S , 1 6 .8

Pound: C, 69*9; H , 5*5» S , 1 6 .8  (Manser)

Attem pted p r e p a r a tio n  o f th e  sem icarbazone o f 3 -h yd roxy-
g -p h en y lth io p h en e

To a s o lu t io n  o f 1 g . o f  th e  t h ie n o l  in  e th a n o l was 

added s u f f i c i e n t  w ater  to  Ju st cau se  t u r b id it y  and th en  

1 g .  o f  sem icarb azid e  h y d ro c h lo r id e  and l . g  g .  o f  sodium  

a c e ta te  were added. A fter  th e  m ixtu re  was h e a te d  to  r e f lu x  

and th en  a llo w ed  t o  c o o l ,  l i g h t  brown n e e d le s  were o b ta in e d ,  

m .p. 75"7&°* 5 “Pk©ny l ”3“k yd roxyth ioph en e (m .p . 7 5 -7 6 °)  

when tr e a te d  w ith  n itr o u s  a c id  y i e l d s  5“P k © n y l-2 ,3 -th io p h e n e -  

qu in on e-2-ox im e (m .p . 2 lip -2 1 6°) and when the p rod u ct o f  

th e  sem icarbazone r e a c t io n  was n i t r o s a t e d  a s im ila r  

y e llo w  compound, m .p . 2 1 5 -2 1 6 ° , was o b ta in e d . T h is was 

in te r p r e te d  as show ing th a t  th e  5 “P & en yl-3-h ydroxyth ioph en e

was r ec o v er ed  unchanged.
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Attempted, c o n d en sa tio n  o f  5 -phe ny 1 -3  -h y  dr oxy tb.1 ophene w ith  
p -n itr o s o -N ,N -d im e th y la n llin e

a . A s o lu t io n  o f  1 g .  (5 .7 so a o le s) o f th e  t h ie n o l

and 0 .5  m l. o f  benzyltrim ethylam m onium  h yd rox id e  in  m ethanol 

(33$) was added t o  a f i l t e r e d  s o lu t io n  o f  1 .5  g* (8.i|.3

m ill im o le s )  o f £ - n i t r o s o -N ,N - d im e th y la n i l in e ^ 5 )  in  ij.0 m l.

o f  a lc o h o l .  The r e s u l t in g  dark red  s o lu t io n  was h e a te d  

to  th e  b o i l in g  p o in t ,  c o o le d  in  a Dry Ic e -a c e to n e  m ix tu r e ,  

and a produ ct p r e c ip i t a t e d  w hich was i s o l a t e d  as a dark  

r ed  powder (0 . 5& g . )  th a t  g r a d u a lly  tu rn ed  b la c k .

b .  A s o lu t io n  o f 1 g .  ( 0 . 0 0 5 6 8 « o le ) o f  th e  h yd roxy-  

th iop h en e  in  1$ m l. o f a b so lu te  e th a n o l added t o  a s o lu t io n  

o f  1*5 g .  o f n itr o s o -N ,N -d im e th y la n il in e  in  25 ml* o f  

a b so lu te  e th a n o l was warmed s l i g h t l y  on a h o t  p l a t e ,  and 

th en  c o o le d  w ith  Dry Ic e  whereupon a sm a ll amount o f  

b lack  s o l i d  was i s o l a t e d .  T h is m a te r ia l  when h e a te d  w ith  

15$ h y d r o c h lo r ic  a c id  formed a t a r .  The f i l t r a t e  from

th e  i n i t i a l  r e a c t io n  sto o d  f o r  s e v e r a l  days a t room tem­

p er  a tu re  and a sm a ll amount o f  dark , reddish -b row n s o l id  

form ed. The s o l i d  g r a d u a lly  decomposed when h e a te d  and 

f i n a l l y  m elted  betw een 2 3 0 -2 3 5 ° . B ecause o f  i t s  extrem e  

s o l u b i l i t y  in  a l l  s o lv e n t s  e x c e p t  w ater th e  sm a ll amount 

o f  m a te r ia l  was n o t p u r i f i e d .

The r e a c t io n  o f 5 “P h en y l-3 -h y d ro x y th io p h en e  and bromine

To a s o lu t io n  o f  0 .2  g .  (1 .1 5  mmole) o f  th e  t h ie n o l

(6 5 ) R . Adams and G. H. Coleman, O rganic S y n th e se s , C o l l .
V o l. 1 ,  John W iley and S on s, I n c .  New Y ork, 1932  
( 1 s t  e d . ) ,  p .  2 08 .
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8 5 .

In  7 » 1 .  o f ch loroform  was added 0*5 m l. ( 1 .5  6«* 9 mmole) 

o f brom ine a t room tem p era tu re . Hydrogen bromide was 

e v o lv e d . The s o lv e n t  and e x c e s s  bromine were a llo w ed  to  

evap orate  and b row n ish -red  c r y s t a l s  rem ained , O.I4.7 g .

(1 0 0 $ ) , m .p . lli4 .-120o . A fte r  two c r y s t a l l i z a t i o n s  from  

carbon d i s u l f id e  y e llo w  gran u lar  c r y s t a l s  were o b ta in e d ,  

m .p. 133-1314° • T h is compound was n o t  fu r th e r  in v e s t ig a t e d .

2-B rom o-3-m ethoxy-5-phenyl th iop h en e

A s lu r r y  o f  3 .2  g .  (0 .0 1 6 8  m ole) o f th e  hydroxy t h i o ­

phene m eth yl e th e r  and 2 .8  g .  (0 .0 1 5 8  m ole) o f N-brorao- 

su cc in im id e  in  20 m l. o f carbon t e t r a c h lo r id e  was s t i r r e d  

a t room tem perature fo r  th r e e  h ou rs whereupon th e  r e ­

a c t io n  appeared t o  be com p lete  and su ec in im id e  was removed 

by f i l t r a t i o n .  The s o lv e n t  was removed by ev a p o r a tio n  

under reduced  p r e ssu r e  and l e f t  a p u rp le  o i l ,  w hich upon 

w ashing w ith  95$ e th a n o l c r y s t a l l i z e d .  A c o lo r le s s  s o l id  

(m .p . I4.5 -I1.70) was ob ta in ed  by e x tr a c t in g  t h i s  w ith  p e ­

tro leu m  e th e r  (b .p .  140- 6 0 ° ) .  T h is m a te r ia l  when s e a le d  

under n itr o g e n  a t  room tem perature s lo w ly  decom posed, 

l ib e r a t in g  HBr and y ie ld in g  a dark p u rp le  s o l i d ,  w ith in  

a few  h o u r s . A sm a ll q u a n tity  was r e e r y s t a l l i z e d  from  

e th a n o l w ith  the a id  o f  Dry I c e ,  m .p . 147- 148° .

The r e a c t io n  o f  5~pheny 1 -3  -hydr oxy th  iophene w ith  H-bromo su ec in im id e

A s o lu t io n  o f  5*0 g« ( 0.02814 m ole) o f  th e  t h ie n o l  

in  H4O m l. o f  carbon t e t r a c h lo r id e ,  end 14*8 g .  ( 0 .0 2 7 0  m ole)
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o f  N -b rom osucein im ide, were s t i r r e d  f o r  two h ou rs a t  0° under  

a n itr o g e n  atm osphere, A fte r  the s o lu t io n  was f i l t e r e d ,  

th e  s o lv e n t  was removed a t  18° by vacuum e v a p o r a tio n , and 

th e  f l a s k  was c o o le d  to  0° and f lu s h e d  w ith  n itr o g e n  to  

remove th e  l a s t  t r a c e s  o f  carbon t e t r a c h lo r id e  from  a 

ta r r y  r e s id u e .  T h is a ls o  f lu s h e d  out s iz a b le  q u a n t i t ie s  

o f  g r e y , choking fum es th a t  were probab ly  HBr. Wien th e  

fumes were c o m p le te ly  f lu s h e d  out th e  f l a s k  was stop p ered  

and s to r e d  in  a r e f r ig e r a t o r  o v e r n ig h t . A m ix tu re  o f  

dark brown s o l id  m a te r ia l ,  and ta r  was f i n a l l y  o b ta in ed  

and t h i s  was washed w ith  m ethanol u n t i l  th e  ta r  was r e ­

moved. The red-brow n u n d is so lv e d  m a te r ia l  was o n ly  

s l i g h t l y  s o lu b le  in  e th a n o l , m ethanol or a e e to n e . A 

d i lu t e  a ceto n e  s o lu t io n  when c o o le d  in  Dry l e e  gave a 

red d ish -b row n powderj t h i s  gave a n e g a t iv e  B e i l s t e i n  

t e s t  fo r  h a lo g en  and when r e c r y s t a l l i z e d  from  d ioxan e  

had a m e lt in g  p o in t  o f 2 8 0 ° .

5 -P h e n y l-2 ,3 - th iop h en eq u in on e- 2 - oxime a c e ta te

To a s o lu t io n  o f  0 .  1 g .  ( 2 .5  mmoles) o f sodium  

h yd rox id e  in  50 m l. o f w ater  was added 0 .5  g» (2*5 mmoles) 

o f  oxim e. About ij.0 g .  o f cru shed  i c e  and 0 .5  m l. of a c e t ic  

anhydride were added to  th e  warmed, f i l t e r e d  s o lu t io n .

The m ixture was v ig o r o u s ly  shaken and a y e llo w  p r e c ip i t a t e  

formed v e ry  r a p id ly .  The p rod u ct was r e c r y s t a l l i z e d  from  

is o p r o p y l a lc o h o l;  y i e l d  0.1j.0 g .  (60$ ) ;  m .p . 1Ii.9-150o ;
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m ixed m a ltin g  p o in t  w ith  the compound form ed in  the r e ­

a c t io n  betw een th e  oxirae and n itr o u s  a c id  in  g l a c i a l  

a c e t i c  a c id  (m .p . Hj.9 - 150®) showed no d e p r e s s io n .

A fte r  a s o lu t io n  o f  0 .3  g* (1»5 mmoles) o f the  

oxime a c e ta te  in  15 m l. o f  e th a n o l and 5 m l. o f  6 N 

sodium h yd rox id e  had been r e f lu x e d  fo r  t h i r t y  se c o n d s , 

i t  was a c id i f i e d  w ith  6 N h y d r o c h lo r ic  a c id  and th en  

e x c e s s  w ater  was added. The y e llo w  p r e c ip i t a t e  was r e ­

c r y s t a l l i z e d  from  e th a n o l ,  y i e l d  0 .1  g .  (i}.0$ ) ;  m .p . 

2 1 7 -2 1 9 ° .

Rea c t io n  o f  2 ,l |.-d in itr o p h e n y lh y d ra g in e  w ith  5 " P h e n y l-2 ,3 -  
th iop h .enequ in one-2-oxim e

A s o lu t io n  o f  0 .3  g .  ( 1*5 mmole) o f oxime in  26 m l. 

o f  h e a te d  e th a n o l was added to  7 m l. o f a stan d ard  2 ,i j -  

d in itr o p h en y lh y d r a z in e  s o lu t io n  in  e th a n o l and s u l f u r ic  

a e i d ^ ^ .  upon c o o lin g  dark brown n e e d le s  form ed, and 

were i s o l a t e d ,  r e c r y s t a l l i z e d  tw ie e  from  e th a n o l and d r ie d .  

They had a m e lt in g  p o in t  o f  2 3 2 .0 -2 3 2 .5  when h e a te d  a t  

th e  r a te  o f  2 . 5 ° P©3? m in u te , or 2 2 6 . 0- 227*0 when h e a te d  

a t  one degree p er  m in u te .

A n al. C alcd . f o r  CieH^NsOBS: C, 1*.9.8; H, 2 .8 5  

Found: G, I4.9 . 6 ; H, 2 .7 8  (C lark)

(6 6 ) R . L. S h rin er  and R. G. F u son , The S y stem a tic  Iden­
t i f i c a t i o n  o f  O rganic Compounds, John t f i le y  and S on s, 
I n c . ,  New Y ork, I 9I4.8 , p .  1 7 1 .
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Attempted preparation of the semicarbazone of 5 -p h en y l-2 ,3 -
th  i  ophene qu in  one -  2 -  oxime

To a s o lu t io n  o f 0 .6  g .  ( 3 mmole) o f  oxime in  

21 m l. o f  e th a n o l and 10 m l. o f w ater  was added 0 .6  g .

(6 mmoles) o f sem icarb azid e  h y d ro c h lo r id e  and 1 g .  (0 .0 2 0  

m oles) o f  sodium a c e t a t e .  The c le a r  s o lu t io n  was r e f lu x e d  

fo r  one m inute and upon c o o lin g  a y e llo w  p r e c ip i t a t e  form ed  

w hieh was r e c r y s t a l l i z e d  tw ic e  from  e th a n o l ,  m .p . 2 1 1 ° , 

m ixed m e lt in g  p o in t  w ith  oxime (m .p . 209-209*5°)>  2 0 9 -

2 0 9 .5 ° .

A ttem pted p r e p a r a tio n  o f th e  sem icarbazone o f 5 -p k e n y l-2 ,3 -  
th iop h en eq u in on e-2 -ox im e a c e ta te

To a s o lu t io n  o f  0 .6  g .  (3 mmoles) o f  oxime a c e ta te  

in  21 m l. o f  e th a n o l and 10 ml* o f  w ater was added 0 .6  g .

(6 mmoles) o f sem icarb azid e  h y d ro c h lo r id e  and 1 g .  o f  

sodium a c e t a t e .  The c le a r  s o lu t io n  was r e f lu x e d  fo r  

one m inute and th en  sto o d  s e v e r a l  days a t  room tem perature  

w ith o u t y ie ld in g  a p r e c i p i t a t e .  The a d d it io n  o f  w ater  

caused  th e  p r e c ip i t a t io n  o f  y e llo w  s o l i d ,  m .p . 213- 215°*

A ction  o f  w ater on 5 -p k e n y l-2 ,3 -th io p h e n e q u in o n e -2 -o x im e

A su sp en s io n  o f  0*3 g* (1*5 mmoles) o f  oxime in  

200 m l. o f  w ater was r e f lu x e d  f o r  s i x  d a y s . The u n d is so lv e d  

oxime was f i l t e r e d  from  th e  h o t s o lu t io n ,  and d r ie d ,  

weigjht 0 .2 3  g . ,  m .p . 2 1 2 -2 1 6 ° , and when th e  f i l t r a t e  was 

c o o le d  to  room tem p era tu re , a fu r th e r  q u a n tity  o f y e llo w
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p r e c ip i t a t e  was i s o l a t e d ,  0 .0 6  g . ,  m .p . 212- 216° .

Complex form ation  o f  5 -p h e n y l-2 , 3 - th iop h en eq u in on e- 2 - oxime
and 5 -p h e n y l-2  , 3 - th iop henequ in oned iox im e

S o lu t io n s  o f  0 .0 1 0  g .  o f  5 -p h e n y l-2 ,3 - th io p h e n e q u i-  

n o n e-2-oxim e in  5 ®1 * e th a n o l and o f  0 .0 1 0  g .  o f  f?-phenyl- 

2 , 3 -th io p h en eq u in o n e  dioxirae in  5> m l. o f e th a n o l were 

p rep a red . To two drops o f c a t io n  s o lu t io n  a t a concen­

t r a t io n  o f 0 .1  mgm. per m l. on a 1 cm. sp o t p la t e  was 

added two drops o f  organ ic  r e a g e n t .  The fo l lo w in g  r e s u l t s  

were o b ta in e d .

C ation

Ag
Ba++

B i 
_ HCa
CdH
Go"1
Cr
Cu
Pe

+++

+++

+++
Pe
Al 

++Hg
Hgg

Mg"**4"
l i 4̂

++
Zn
Pb**
Sn4̂

Mon ox ime

y e llo w  ppt,

Dioxime

p in k  c o lo r  

yellow -b row n  pp t, 

dark b la c k  p p t .

y e llo w  p p t .  
y e llo w  p p t .

red  pp t,

y e llo w  ppt,
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The monoxime was found to  g iv e  a y e llo w -o r a n g e  p r e ­

c i p i t a t e  w ith  Group I  m e ta ls ,  Ag+ , Pb++, and Hg++.  The 

dioxim e gave a r ed  p r e c ip i t a t e  w ith  n ie k e l  and a heavy  

dark b lu e -b la c k  p r e c ip i t a t e  w ith  Pe • One m l. o f the
■I" I1

Pe s o lu t io n  was d i lu t e d  t o  200 m l. The c o n c e n tr a t io n  

o f  Pe was 0 .5  p a r ts  per m i l l i o n .  One drop o f  t h i s  

s o lu t io n  was added to  one drop o f  d ioxim e s o lu t io n  on a 

sp o t p l a t e ,  th e r e  r e s u l t e d  a b lu e -g r e y  c o lo r a t io n .

A ctio n  o f  aqueous a c e t i c  a c id  on 5“p h e n y l-2 ,3 -th io p h e n e -  
quinone- 2 - oxime

A s o lu t io n  o f 1 .0 1  g .  (5  mmoles) o f  oxime in  20 m l.

o f  g l a c i a l  a c e t ic  a c id  and 6 m l. o f  w ater  was r e f lu x e d

f o r  50 m inu tes and th en  c o o le d . R ed d ish -orange n e e d le s  

were i s o la t e d  and d r ie d  a t  75>° f o r  tw e lv e  h o u r s , 0 .8 0  g * ,  

m .p . 21i|.-2160 . The a d d it io n  o f  w ater  p r e c ip i t a t e d  anoth er  

0 .1 0  g .  o f oxim e, t o t a l  r eco v ery  was 90$ .

A ctio n  o f  aqueous s a l t  s p lu t io n  on 5 -p h e n y l- 2 , 3 - th lo p h en e-  
9uTnone-2 -oxim e  ̂ ^

To 1 g .  (5 mmoles) o f  oxime suspended in  £0 m l. o f

w ater h e a te d  in  a w ater  bath  was added 2 g .  (0 .0 1 6  m ole)

o f  sodium s u l f i t e  and a f t e r  h e a t in g  f o r  s e v e r a l  m inu tes the  

p n d is so lv e d  m a te r ia l was removed by f i l t r a t i o n ,  th e  s o ­

lu t io n  was c o o le d  and e x tr a c te d  w ith  e t h e r .  The e th e r  

c o n ta in e d  o n ly  oxim e, m .p . 2 2 0 °•
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Action of m ineral acids on 5 -phenyl- 2 ,3  -  th i  ophene quin one -
----------- 2~oxime T & tt& T -----------------------------------------------------

a . A s o lu t io n  o f  0 .5  g .  (2*5 mmoles) o f  oxime 

d is s o lv e d  in  15 ml* o f  95$ e th a n o l and 10 ml* o f s u l f u r ic  

a c id  (1 :1 )  was r e f lu x e d  fo r  f i v e  m inu tes and th e  b la c k  

s o lu t io n  was poured in to  e x c e s s  w a te r . The y e llo w  p re ­

c i p i t a t e  was d r ie d , 0 *14-8 g . ,  m .p . 2 0 9 -2 1 0 ° .

b .  A s o lu t io n  of 1 .5  g* o f 5 -p h e n y l-2 ,3 - th io p h e n e -  

q u in on e-2-ox im e ( 0 .0 0 7 3  m ole) in  30 ml* o f  e th a n o l was 

added dropw lse t o  200 m l. o f  s u l f u r ic  a c id  (1 :1 )  through  

which su p erh eated  steam  was b e in g  p a s se d . One l i t e r  o f  

d i s t i l l a t e ,  c o l l e c t e d  d u rin g  th e  cou rse  of th e  a d d it io n ,  

was sa tu r a te d  w ith  sodium c h lo r id e ,  c o o le d , and e x tr a c te d  

w ith  e t h e r ,  w hich y ie ld e d  0*12 g* (0 .0 0 1 0  m ole -  1)4$ )

of acetophenone*

The p o t l iq u o r  was d i lu t e d  t o  1 1 .  w ith  w a te r , 

s a tu r a te d  w ith  sodium  c h lo r id e ,  and e x tr a c te d  w ith  th r e e  

100 m l. p o r t io n s  o f  e th e r  which a f t e r  w ashing w ith  sodium  

carb onate s o lu t io n  was found t o  c o n ta in  no s o l u t e .  The 

sodium carb on ate  s o lu t io n  co n ta in ed  an u n d is so lv e d  s o l i d ,  

w eig h t 0*29 g * , ( 0*00135 m ole) which proved to , be the  

sodium  s a l t  o f th e  o x a z ln o n e . I t  was d is s o lv e d  in  w a te r , 

th e  s o lu t io n  was a c id i f i e d  and e x tr a c te d  w ith  e th e r ,  

w hieh y ie ld e d  0*15 g* o f  a c o lo r le s s  s o l i d ,  m .p . 155- 158°» 

a f t e r  one c r y s t a l l i z a t i o n  from benzene i t  had a m e lt in g  

p o in t  o f  155- 156° .
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In  a d d it io n  to  th e  u n d is so lv e d  sodium s a l t  o f  3 -  

h y d ro x y -6 -p h en y l-o x a z in e -l; .-o n e  th e  sodium carb on ate  w ash in gs  

co n ta in e d  a fu r th e r  q u a n tity  o f th e  oxazin e  in  s o lu t io n  

w hich was i s o l a t e d  by a c i d i f i c a t i o n  and e th e r  e x tr a e t io n j

0 .2 5  g .  ( 1*3 m m oles, 19$ ) o f  a y e llo w  s o l i d ,  m e lt in g  p o in t  

1 3 9 -3 4 5 °» which r e c r y s t a l l i z e d  once from  benzene y ie ld e d  

c o lo r le s s  n e e d le s  m e lt in g  a t  1 5 2 -1 5I4.0 . T h is m a te r ia l  

showed no d e p r e ss io n  when a m ixed m e lt in g  p o in t  was taken  

w ith  th e  s o l i d  f i r s t  i s o l a t e d ,  b u t a m ixed m e lt in g  p o in t  

w ith  b en zo y lp y ru v ic  a c id  had a d e p r e s s io n  o f  25°•

c .  A m ixture o f  2 .0  g .  ( 0 .0 1 0  m o les) o f  oxim e, 20 m l. 

o f  o -d ieh lo ro b en zen e  and 20 m l. o f c o n c en tr a ted  hyd ro­

c h lo r ic  a c id  was r e f lu x e d  fo r  s ix t e e n  h o u r s . The la y e r s  

were sep a ra ted  and th e  aqueous la y e r  was e x tr a c te d  w ith  

e th e r  tfh ich  was added t o  th e  o rg a n ic  p o r t io n .  The com­

b in ed  o rgan ic  p o r t io n s  were e x tr a c te d  w ith  sodium  carb onate  

s o lu t io n  and th e  a d d it io n  o f c o n c e n tr a te d  sodium  hydro x id e  

s o lu t io n  to  t h i s  cau sed  the p r e c ip i t a t io n  o f  2 .0  g .  o f  

s o l i d .  The f i l t r a t e  from  th e  i s o l a t i o n  o f  t h i s  s o l i d  

y ie ld e d  0 .3  g* o f  u n rea cted  oxime upon a c i d i f i c a t i o n .  The 

s o l i d  was e x tr a c te d  tw ic e  w ith  b o i l in g  $0  m l. p o r t io n s  o f  

e th a n o l;  from  th e se  was e v e n tu a l ly  i s o l a t e d  an oth er  0 .2  g .  

o f  oxim e, m e lt in g  p o in t  234°; m ixed m e lt in g  p o in t  w ith  a 

known sam ple showed no d e p r e s s io n . A c id i f ic a t io n  w ith  

d i lu t e  h y d r o c h lo r ic  a c id  o f th e  a lc o h o l in s o lu b le  r e s id u e  

d is s o lv e d  in  b o i l in g  w ater cau sed  th e  e v o lu t io n  o f  a g a s ,
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in d ic a t in g  th a t  some o f  th e  s o l i d  was sodium  carb onate*

Upon c o o lin g  l i g h t  y e llo w  n e e d le s  were o b ta in e d , 0*1$ g * ,  

m .p . H}.0-li|.8o ,  which a f t e r  one r e c r y s t a l l i z a t i o n  from  

benzene m elted  a t  155-156°*  Another 0 .1 3  g . ,  m .p . 15 0 -  

15I4.0 ,  was e x tr a c te d  from th e  l a s t  f i l t r a t e  w ith  e th e r .

A fte r  one r e c r y s t a l l i z a t i o n  from  benzene i t  had a m e lt in g  

p o in t  o f 152- 153°; m ixed m e ltin g  p o in t  o f  th e  two p o r t io n s

155- 1 5 6 . 5 ° .

A n al. G alcd . f o r  Gio H6lI03 : C, 63*5; H> 3*7; N, 7*1̂

Found: G, 6 3 . ! ;  H , I4..2 (Manser) 1 ,  7»0 ( Schwar dcqaf

A s o lu t io n  o f  0 .  15 g* o f th e  oxazin one and 0 .1 5  g .  

o f  a n i l in e  in  e th a n o l was h e a te d  on a w ater  bath  f o r  th r e e  

h ours and upon c o o lin g  l i g h t  cream c o lo r e d , a lm ost c o lo r le s s  

n e e d le s  were form ed, m .p . 177- 178° .  Tk© known a n i l ^ ^  o f  

b en zo y lp y ru v ie  a c id  was s im i la r ly  prep ared  by warming a 

s o lu t io n  o f  0 .1  g .  o f  b en zo y lp y ru v ie  a c id  and 0 .1  g .  o f  

a n i l in e  in  e th a n o l on a w ater  bath  f o r  th r e e  h o u r s . When 

the s o lu t io n  was c o o le d  th e  a d d it io n  o f p etro leu m  e th e r  

caused  th e  fo rm a tio n  o f  an o i l  w hich soon s o l i d i f i e d  to  

y i e l d  0 .1 3  g* o f th e  a n i l ,  m .p . 156- 159° •  A f i n a l  c r y s t a l ­

l i z a t i o n  from  l i g r o i n  (b .p .  14.0 - 60 ° )  gave l i g h t  ta n  n e e d le s ,  

m .p . 168- 169°# m .m .p. w ith  oxazin one a n i l ,  13i|.-llj.0o .

d . Three-tenths o f a gram ( 1 .5  mmole) o f  oxime in

(67) L . G la ise n  and H. Brorame, B e r . 2 1 , 1131+- (1 8 8 8 ) .
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25 m l. o f  s u l f u r ic  acid' (1 :1 )  was h e a te d  to  b o i l in g  and 

im m ed iate ly  s t e a m - d i s t i l l e d  whereupon a sm a ll q u a n tity  o f  

a y e llo w  o i l  was o b ta in ed  in  the d i s t i l l a t e  w hich s o l i d i f i e d  

to  a brown s o l i d ,  m .p . 1 0 8 ° -1 1 2 ° . The m a te r ia l  burned  

w ith  th e  odor and c h a r a c t e r i s t i c  b lu e  c o lo r  o f  burn ing  

s u l f u r .  From th e  s t i l l  p o t was i s o la t e d  0 .3  g* o f  s o l i d ,  

m .p. 212®.

e .  One h a l f  gram ( 2 .5  mmole) o f  oxime in  20 m l. 

o f  18 I  h y d r o c h lo r ic  a c id  was r e f lu x e d  f o r  two h ou rs;  

v ery  l i t t l e  o f  th e  m a te r ia l  appeared to  r e a c t  or go in to  

s o lu t io n  and 20 m l. o f  g l a c i a l  a c e t i c  a c id  was added and 

r e f lu x in g  was m ain ta in ed  fo r  an a d d it io n a l  s i x  h o u r s •

The s o lu t io n  was f i n a l l y  f i l t e r e d ,  and a sm a ll amount o f  

r e s id u e  was i s o la t e d  and d r ie d , m .p . 2 1 6 -2 2 0 ° . A lthough  

th e  a d d it io n  o f  a la r g e  q u a n tity  o f  ic e  t o  th e  f i l t r a t e  

cau sed  no p r e c ip i t a t io n ,  th e  rem ainder o f  th e  organ ic  

m a te r ia l  was i s o l a t e d  as a ta r  by e th e r  e x t r a c t io n .

f .  A s o lu t io n  o f 0 .5  g* (2 .5  mmole) o f  oxime in  20 

m l. o f e th a n o l and 10 m l. o f 85$ p h osp h oric  a c id  was 

r e f lu x e d  f o r  s e v e r a l  m in u te s . Water was added t o  I s o la t e  

th e  p r o d u ct, m .p . 212- 214° .

g .  A s o lu t io n  o f  1 g .  ( 5 .0  mmole) o f oxime in  150 m l. 

o f  c o n c en tr a ted  h y d r o c h lo r ic  a c id  and 150 m l. o f d i s t i l l e d  

w ater w hich had been r e f lu x e d  fo r  s ix t e e n  h ou rs was neu­

t r a l i z e d  w ith  s o l i d  sodium  carb onate and th en  r e a c i d i f i e d .
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I t  was th en  e x tr a c te d  w ith  th r e e  100 m l, p o r t io n s  o f  e th e r  

w h ich , a f t e r  d ry in g  w ith  D r i e r i t e ,  y ie ld e d  O.ljlj. g .  o f  a 

red  s o l i d ,  T h is r e s id u e  was r e c r y s t a l l i z e d  from  benzene  

t o  g iv e  brown, gran u lar  c r y s t a l s ,  m .p . 1 5 6 -1 5 8 ° . To th e  

benzene s o lu t io n  was added 50 m l. o f e th e r  and t h i s  

o rg a n ic  phase was e x tr a c te d  w ith  th r e e  1$ m l. p o r t io n s  o f  

sodium h yd rox id e s o lu t io n  and 25 m l. o f d i s t i l l e d  w a te r . 

The benzene and e th e r  were a llo w ed  t o  ev a p o ra te  and th e  

non b a s e - s o lu b le  r e s id u e  was d is s o lv e d  in  m eth an o l. To 

t h i s  2 ,t |.-d in itro p h e n y lh y d r a z in e  s o l u t i o n was added.

The r e s u l t a n t  r e d  p r e c ip i t a t e  was r e c r y s t a l l i z e d  from  

m e th y le e llu s o lv e  and m elted  a t  2l4.6 - 2i}.80j m ixed m e lt in g  

p o in t  w ith  an a u th e n tic  sample o f th e  2 ,^ -d in i t r o p h e n y l-  

hydrazone o f  acetophenone (m .p . 2I4.9 - 2510 ) showed no de­

p r e s s io n .

B en zoy lp yru v ic  a c id  was s y n th e s iz e d  by th e  method 

o f  Bromrae and C l a i s e n ^ ^ .  ^ s o lu t io n  o f  1 g .  o f ben­

z o y lp y ru v ic  a c id  in  150 m l. o f  co n c en tr a ted  h y d r o c h lo r ic  

a c id  and 150 m l. o f d i s t i l l e d  w ater was r e f lu x e d  f o r  

s ix t e e n  h o u r s . The s o lu t io n  was n e u t r a l iz e d  w ith  base  

and r e a c ld i f i e d  w ith  d i lu t e  h y d r o c h lo r ic  a c id .  T h is  

was e x tr a c te d  w ith  th r ee  100 m l. p o r t io n s  o f  e th e r  and 

When th e  e th e r  was removed a l iq u id  w ith  th e  odor o f  

acetophenone rem ained . I t s  2 ,lp -d in itrop h en yIh yd razon e  had  

a m e lt in g  p o in t  o f  2kfl-2 l\9° , m .m .p. 250- 251° (w ith  an au­

th e n t ic  sam p le) .
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The a c t io n  of carb on y l cPropounds and a c id s  on 5 -p h e n y l-2 ,3 -
th iop h en eq u in on e-2 -ox lm e *2$»3^7

a* On© h a l f  gram ( 2 .5  mmole) o f oxim e, d is s o lv e d  

in  10 m l. o f  h y d r o c h lo r ic  a c id  ( 1 : 1 ) ,  and 20 m l. o f a ceton e  

were r e f lu x e d  f o r  e ig h t  h o u r s . The red  s o lu t io n  was 

s t e a m - d is t i l l e d  u s in g  su p erh ea ted  steam  and a tr a c e  o f  

y e llo w  o i l  came o v e r . A s o l i d  r e s id u e  formed in  the s t i l l  

p o t; t h i s  r e c r y s t a l l i z e d  from  e th a n o l as a y e llo w  pow der, 

m.p# 2 2 2 ° .

b . One h a l f  gram ( 2 .5  mmoles) o f  oxime d is s o lv e d  in

12 m l. o f  s u l f u r ic  a c id  (1 :1 )  and 20 m l. o f  a ceto n e  was

r e f lu x e d  f o r  e ig h t  h o u r s . A fte r  c o o lin g  f o r  an hour th e  

v is c o u s  ta r r y  produet was s t e a ® - d i s t i l l e d  and a sm a ll  

q u a n tity  o f  y e llo w  o i l  was o b ta in ed  th a t  had th e  odor o f  

m e s ity le n e .

c .  One h a l f  gram (2 .5  mmoles) o f oxime in  20 m l. 

o f  a ceton e  and 5 m l. o f  s u l f u r i c  a c id  (1 :1 )  was steam -  

d i s t i l l e d  d i r e c t l y .  A fter  tw en ty  m inu tes a l l  the a ceton e  

had d i s t i l l e d  and th e  d i s t i l l a t e  had tak en  on a y e l lo w ,  

o p a le sc e n t  c o lo r *  The r e s id u e  proved t o  be th e  unchanged  

oxim e.

d . A m ixture o f 0 . 3  g .  ( 2 * 5  mmoles) o f  o x i m e ,  20 m l.

o f  s u l f u r ic  a c id  (1 :1 )  and 2 m l. o f  a ceto n e  was r e f lu x e d

f o r  one h o u r . The r e a c t io n  m ixture c o n ta in e d  no steam - 

d i s t i l l a b l e  p r o d u ct.
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e .  A m ixture o f  0 .3  g .  (1*5 mmoles) o f  oxirae, 20 ml 

o f  aceton e and 2 m l. o f  s u l f u r ic  a c id  ( 1 :1 ) was r e f lu x e d  

f o r  one houp• The oxime was r eco v ered  u n r e a c te d .

f .  ■ A  m ixture o f  0 .3  g* (1«5> mmoles) o f oxirae, 20 ml 

o f  I4.0% form aldehyde s o lu t io n  and 1 m l . ' o f  c o n c en tr a ted  

s u l f u r ic  a c id  was r e f lu x e d  f o r  one h o u r . When th e  c le a r  

red  s o lu t io n  was c o o le d , 0 .II4.0 g . o f oxime c r y s t a l l i z e d ,  

m .p. 2 1 2 ° .

g .  A m ixture of 0 .3  g .  (1*5 mmoles) o f oxim e, 10 

m l. o f  c o n c en tr a ted  h y d r o c h lo r ic  a c id  and 10 m l. o f ij.0% 

form aldehyde s o lu t io n  was r e f lu x e d  fo r  one h o u r . A 

b la c k  scum which a p p a ren tly  co n ta in e d  m ost o f  th e  organ ic  

m atter  form ed on th e  s id e s  o f  th e  f la s k j  d i lu t io n  o f  th e  

su p ern atan t l iq u id  w ith  w ater cau sed  no p r e c ip i t a t io n .

h .  A m ixture o f  Q.25>0 g .  ( 1 .2  mmoles) o f oxim e,

10 m l. o f  fo r m a lin , and 1 m l. o f  c o n c en tr a ted  h y d r o c h lo r ic  

a c id  was r e f lu x e d  fo r  1 h o u r , th en  10 m l. o f  c o n c en tr a ted  

h y d r o c h lo r ic  a c id  was added to  th e  c o o le d  s o lu t io n ,  and 

r e f lu x in g  was co n tin u ed  fo r  another m in u te s . A ta r  

had form ed a lo n g  th e  s id e s  o f  th e  f l a s k  w h ile  a tr a c e  o f  

pin k  p r e c ip i t a t e  (m .p . 1 2 0 -1 2 2 °) form ed in  the body o f  

the s o lu t io n .  The compound had a fo rm a ld eh y d e -lik e  odor, 

was s o lu b le  in  w ater  and e th e r ,  and gave a n e g a t iv e  

B e i l s t e i n  t e s t  f o r  h a lo g e n .
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i .  A s o lu t io n  o f 1 * 5  g* ( 7 * 5  mmoles) o f  ox im e, 6  m l .  

o f  b en za ld eh yd e, and 6 m l. o f  c o n c en tr a ted  h y d r o c h lo r ic  

a c id  in  75 ml* of is o p r o p y l a lc o h o l  was r e f lu x e d  f o r  fo u r  

h o u r s . The s o lu t io n  was c o o le d  in  an ic e b o x  o v e r n ig h t ,  

and o r ih g e  c r y s t a l s  were i s o l a t e d ,  w e ig h t 1 .1 2  g .  The 

f i l t r a t e  was condensed and a second crop o f c r y s t a l s  was 

o b ta in e d , 0 .2 7  g « , t o t a l  r e c o v e r y  amounted t o  93%, m .p . 

210- 212° .

j .  A s o lu t io n  o f  0 .6 8  g .  (3.1}. mmoles) o f  oxime in  

15 m l. o f  co n c en tr a ted  h y d r o c h lo r ic  a c id  and 30 m l. o f  

aceton e was r e f lu x e d  fo r  s i x  h o u r s . The s o lu t io n  became 

dark and ta r r y  and had an u n p le a sa n t sour od or . The 

aceton e  was c a u t io u s ly  evap orated  and th e  r e s id u e  was 

e x tr a c te d  w ith  sev en  75 m l. p o r t io n s  o f e th e r ,  which  

were combined and washed tw ic e  w ith  w a te r , t h r ic e  w ith  $% 

sodium carbonate s o lu t io n ,  w ith  sa tu r a te d  s a l t  s o lu t io n ,  

and f i n a l l y  d r ie d  w ith  ca lc iu m  c h lo r id e  fo r  th r e e  h o u r s .

The e th e r  was removed and l e f t  a b la c k , ta rr y  r e s id u e  

w hich was h ea ted  w ith  b o i l in g  l i g r o i n  ( b .p .  9 0 - 120° ) .

'Hie e x tr a c t io n  l iq u id  was d eca n ted  and q u ic k ly  c o o le d  in  

a Dry Ic e  bath  and a sm a ll amount o f  brown powder was 

i s o l a t e d .  N e ith e r  t h i s  nor th e  u n e x tr a c te d  m a te r ia l ,  

which was the b u lk  o f th e  p r o d u ct, y ie ld e d  to  fu r th e r  

p u r i f i c a t io n  and t h i s  r e a c t io n  was n o t  fu r th e r  in v e s t ig a t e d .
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k . A s o lu t io n  o f  2 .0  g .  (0 .0 1 0  m ole) o f oxime in  

20 m l. o f  benzaldehyde and 20 m l. o f  co n c en tr a ted  h yd ro­

c h lo r ic  a c id  was r e f lu x e d  f o r  e ig h te e n  h o u r s . The organ ic  

la y e r  was sep a ra ted  from  th e  aqueous la y e r  and the aqueous 

p o r t io n  was washed w ith  two 25 m l. q u a n t i t ie s  o f  e th e r  

w hich were added to  th e  b en za ld eh yd e. The organ ic  la y e r  

was e x tr a c te d  w ith  25 m l. p o r t io n s  o f  10$ sodium carb onate  

u n t i l  t h e i r  a c id i f i c a t i o n  no lo n g e r  gave a  p r e c i p i t a t e .

The t o t a l  p r e c ip i t a t e  was c o l l e c t e d  and d r ie d  over sodium  

h yd rox id e in  a vacuum d e s ie c a t o r ,  w eigh t 0*5 g .  A fte r  

th r ee  r e c r y s t a l l i z a t i o n s  from  e th a n o l i t  had a m e lt in g  

p o in t  o f  2 2 1 .2 -2 2 2 .0 ° ;  m ixed m e lt in g  p o in t  w ith  an au­

th e n t ic  sample o f  2 ,3 “d ik e to - l |.-b e n z o y l-5 “p h e n y lte tr a h y d r o -  

fu ra n  2 2 0 -2 2 1 ° . The a u th e n tic  sample o f  2 ,3 - d ik e t o - h -  

b e n z o y l-5 -p h e n y lte tr a h y d r o fu r a n  was s y n th e s iz e d  by adding  

t o  a warm s o lu t io n  o f 0 .2  g .  o f  b en zo y lp y ru v ic  a c id  and 

0 .1  g .  o f  benzaldehyde d is s o lv e d  in  10 m l. o f e th a n o l  

6 N h y d r o c h lo r ic  a c id  dropw ise u n t i l  th e  s o lu t io n  became 

c lo u d y . S u f f ic i e n t  a lc o h o l was added t o  r e s to r e  a c le a r  

s o lu t io n  which was h e a te d  on th e  w ater b a th  f o r  f i v e  

h o u r s . The s o lu t io n  was c o n c e n tr a te d , th en  c o o le d , t o  

g iv e  c o lo r le s s  n e e d le s ,  m .p . 2 1 8 -2 2 0 ° .

A s o lu t io n  o f  0 .1  g .  o f  t h i s  compound and 0 .0 3  g« 

o f  a n i l in e  was r e f lu x e d  in  e th a n o l fo r  th r e e  h o u r s . Upon 

c o o l in g ,  y e llo w  c r y s t a l s  were o b ta in ed  which m e lte d  from  

171-173° ( L i t .  f o r  2 , 3 -d ik e to - i^ -b e n z o y l-5 -p h e n y lte tr a h y d r o -
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f u r a n - 3 - a n i l ,  1 7 1 -1 7 2 °)

The a c t io n  o f n it r o u s  a c id  and n itr o u s  a c id  d e r iv a t iv e s  on 
^ -p h e n y l-2 . 3 - th iop h en e  quin  one - 2 -  oxime t3 1 »3 2 ,3 3 )

a .  To a s o lu t io n  o f  1 g (5  m m o l e s )  o f oxim e in  I4.0 ml# 

o f  h e a te d  g l a c i a l  a c e t ic  a c id  was added 3*0 g .  (£4.3 mmoles) 

o f  sodium n i t r i t e  w ith  no fu r th e r  h e a t in g .  One hundred

and f i f t y  m i l l i l i t e r s  o f w ater  was added and a y e llo w  

p r e c ip i t a t e  form ed s lo w ly  w hich when i s o la t e d  w eighed  

0#i|.9 g # , m.p# 1 3 5 -1380 • A fte r  r e c r y s t a l l i z a t i o n  to  c o n sta n t  

m .p. i t  m elted  a t  llj.9- 1500 .

A n al. G alcd . f o r  O^gHgSNOg* C, 5 8 .2 j H, 3*7 

Pound: C, 57*9; H, 3*8 (C lark )

b . One h a l f  gram o f oxime was d is s o lv e d  in  18 m l. 

o f  a c e t ie  a c id  and 0*5 g* o f  sodium n i t r i t e  was added 

s lo w ly .  One hundred m i l l i l i t e r s  o f  w ater was added to  

th e  dark r e d  s o lu t io n  and a sm a ll amount o f  red  s o l i d  

form ed w hich was re  c r y s t a l l i z e d  from e th a n o l .  The m e lt in g  

p o in t  was above 260° and was n o t  more c l o s e l y  d eterm in ed . 

A fte r  rem oval o f th e  red  s o l i d ,  a y e llo w  p r e c ip i t a t e  

g r a d u a lly  form ed in  th e  f i l t r a t e  and a f t e r  tw enty fo u r  

h ou rs the compound was i s o l a t e d  and r e c r y s t a l l i z e d  from  

e th a n o l ,  m .p . 14J4.-II4.5 0 , re  c r y s t a l l i z e d  from  iso p r o p y l  

a lc o h o l ,  m .p . Hj.9 ~ l5 0 ° .

(68) S . Ruheraann, J . Chem. S o c . 89 » I 2I4.3 (1 9 0 6 ) .
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e ,  To a s o lu t io n  o f 1 g .  ( 5 .0  m m oles) o f  oxime in  

20 m l. o f  b o i l in g  g l a c i a l  a c e t ic  a c id  was added g r a d u a lly  

0*5 g* ( 7 .2  mmoles) o f sodium  n i t r i t e .  A fte r  th e  dark  

red  s o lu t io n  had been r e f lu x e d  fo r  t h i r t y  m in u te s , an 

eq u a l q u a n tity  o f  w ater was added and th e  s o lu t io n  was 

s to r e d  in  an ic e b o x  f o r  s e v e r a l  h ou rs whereupon th r e e  

t e n th s  o f  a brown s o l i d ,  m .p . 210 -21$° was i s o l a t e d .  A 

la r g e  e x c e s s  o f  w ater was added to  th e  f i l t r a t e  which was 

a llo w ed  to  stan d  o v e rn ig h t and a dark c o lo r e d  gum form ed  

from  w hich 0 .1  g .  or orange pow der, m .p . 2 0 0 -2 1 0 ° , was 

i s o la t e d *  E ther e x tr a c t io n  o f  th e  rem ain ing  m a te r ia l  

y ie ld e d  unprom ising brown t a r .

d . To a s o lu t io n  o f  1 g .  ( 5 .0  mmoles) o f oxime in  

20 m l. o f  b o i l in g  g l a c i a l  a c e t i c  a c id  was added 0 .5  g* 

o f  sodium  n i t r i t e .  A fte r  r e f lu x in g  f o r  t h i r t y  m in u tes  

anoth er 0 .5  g« o f  sodium n i t r i t e  was added. A f i n a l  0 .5  g* 

( t o t a l  0 .0 2 2  m oles) o f  sodium n i t r i t e  was added a f t e r  

another hour and th e  s o lu t io n  was r e f lu x e d  f o r  an oth er  

hour and a h a l f ,  a t o t a l  o f  th r e e  hours a l t o g e t h e r .  A 

b la ck  l i q u i d ,  w ith  a sour odor in d ic a t iv e  o f e x te n s iv e  

d eco m p o sitio n  was form ed. When a la r g e  e x c e s s  o f  w ater  

was added and th e  s o lu t io n  had sto o d  f o r  s e v e r a l  h ou rs a 

gum form ed which co u ld  n o t be c r y s t a l l i z e d  from  e th a n o l .

e .  A s o lu t io n  o f  0 .7  g* (3*3 mmoles) o f  oxime in  

20 m l. o f  g l a c i a l  a c e t ic  a c id  and 5 ml* o f  w ater  was
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r e f lu x e d  W hile 0 .5  g .  (7»2 mmoles) o f  sodium n i t r i t e  was 

added. A fte r  th e  l i g h t  red  s o lu t io n  had r e f lu x e d  f o r  

t h i r t y  m in u te s , w ater was added u n t i l  i t  became tu r b id , and 

th en  th e  s o lu t io n  was c o o le d . A t o t a l  o f 0 .5 0  g .  o f oxime 

was i s o l a t e d ,  m .p . 216- 217° .

f  • A m ixture o f 37*1 g* o f m eth an o l, 2 .0  g .  o f  

dry hydrogen c h lo r id e  g a s , O .8I4. g .  (I4. . I  mmoles) o f  oxime 

and 2 .5  g* (32 mmoles) o f sodium  n i t r i t e  was r e f lu x e d  

f o r  th r e e  h o u r s , f i l t e r e d  from  u n d is so lv e d  s a l t s  and 

s to r e d  in  th e  ice b o x  o v e r n ig h t . The p r e c ip i t a t e d  s o l id  

was i s o la t e d  and d r ie d , r ec o v er y  o f  oxime was 0 .8 1  g .

(97%), m .p . 220° .

g .  N itro g en  ox id e  g a se s  e v o lv e d  by the a d d it io n  

o f  h y d r o c h lo r ic  a c id  to  sodium  n i t r i t e  were p a sse d  in to

a r e f lu x in g  s o lu t io n  o f 3 g .  o f oxime in  95 m l. o f  e th a n o l .  

A s o lu t io n  o f Ij. m l. o f c o n c e n tr a te d  h y d r o c h lo r ic  a c id  in  

13 m l. o f w ater was added and th e  e th a n o l s o lu t io n  was 

r e f lu x e d  fo r  an a d d it io n a l  tw en ty  th r e e  m in u te s . The 

l iq u id  became a r e d -b la c k  c o lo r  and was s to r e d  in  an 

ic e b o x  under n itr o g e n  f o r  sev en  d a y s . The s o lu t io n  was 

c o n c e n tr a te d  and 2*0 g .  o f  a red d ish -b row n  p r e c ip i t a t e  

was o b ta in e d , m .p . 2 1 2 ° .

h .  To a s t i r r e d  s o lu t io n  of 1 .0  g .  (5 mmole) o f

5 -phe ny 1 -  2 ,3  -  th  i  ophene qu in  one -  2 -  ox ime in  20 m l. o f e th a n o l
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was added 3 (22 mmole) o f i s o a m y ln i t r i t e . To t h i s  a

s o lu t io n  o f 3 m l. o f  c o n c en tr a ted  h y d r o c h lo r ic  a c id  in  

20 m l. o f  e th a n o l and 10 m l. o f  w ater was added dropw ise  

over a one hour p e r io d . During th e s e  a d d it io n s  th e  r e ­

a c t io n  m ixture was h e a ted  on a w ater  h a th . F in a l ly  an 

a d d it io n a l  10 m l. o f  w ater was added and th e  s o lu t io n  

was r e f lu x e d  f o r  one h o u r . The s o lu t io n  was s to r e d  in  

Dry Ic e  u n t i l  th e  p r o c e ss  o f  c r y s t a l l i z a t i o n  appeared t o  

he c o m p le te . There was r ec o v er ed  0 .8 0  g .  o f  o r a n g e -y e llo w  

n e e d le s ,  m .p . 2 1 6 -2 1 7 ° . A m ixed m e lt in g  p o in t  w ith  an 

a u th e n tic  sample o f  oxime showed no d e p r e s s io n .

The f i l t r a t e  had a volume o f  60 ml* F iv e  m i l l i l i t e r s  

was tr e a te d  w ith  2 ,l|.-d in Itro p h en y Ih y d ra z in e  s o lu t io n  and 

y ie ld e d  0 .6 9  g . o f  a h r ic k -r e d  c r y s t a l l in e  p r e c i p i t a t e ,  

m .p . 117- 121° .  A fte r  two r e c r y s t a l l i z a t i o n s  from m eth an o l, 

th e  compound had a m e lt in g  p o in t  o f  1 2 2 -1 2 3 ° . A m ixed  

m e lt in g  p o in t  w ith  an a u th e n tic  sam ple o f  I so v a le r a ld e h y d e -  

2 ,lj.-n itrop h en y lh yd razon e  ( L i t .  1 2 3 ° ) ^ ^ ,  showed a s iz a b le  

d e p r e s s io n , m .p . 8 5 -9 0 ° . E lem en ta l a n a ly s is  o f th e  h yd ra -  

zone was n e g a t iv e  f o r  s u l f u r ,  a lth ou gh  p o s i t i v e  f o r  n i t r o g e n .  

The rem ain ing 55 o f  s o lv e n t  was a llow ed  t o  evap orate  

and y ie ld e d  0 .3 0  g . o f  a y e llo w  s o l i d ,  m .p . 1 6 0 -2 0 0 ° .

One r e c r y s t a l l i z a t i o n  from  e th a n o l gave 0 .1  g .  o f orange  

n e e d le s ,  m .p . 21 ip -2 l5 •

(6 9 ) R e f . 6 6 , p .  2 2 9 .
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Attem pted h y d r o ly s is  o f  5 -p h e n y l-2 ,3 - th io p h e  nequ inon e- 2 -  
oxime w ith  p y ru v ic  a c id  (3&)

a . A s o lu t io n  o f  0 .8 3  g .  ( l | . . l  mmole) o f  oxime in  

20 ml* o f  g l a e i a l  a c e t i c  a c id ,  10 m l. o f w ater  and 1 m l.

(10  mmole) o f  p y ru v ic  a c id  was r e f lu x e d  f o r  th r e e  h o u r s .

A fte r  t h i s  tim e sodium a c e ta te  was added, the s o lu t io n  

was a llo w ed  to  c o o l  and th e  p r e c ip i t a t e  w hich form ed was 

i s o l a t e d  and d r ie d . I t  w eighed  0 .7 0  g . (85^ r e c o v e r y ) ,  

m .p . 21ij«2170 .

bo A m ixture o f  0*3 g* ( 1*5 mmole) o f  ox im e, 1 m l.

(10  mmole) o f p y ru v ie  a c id ,  1 m l. o f b en za ld eh y d e, and 

2 m l. o f  h y d r o c h lo r ic  a c id  ( 1 ;1 ) was shaken m ec h a n ica lly  

o v e r n ig h t . The s o lu t io n  was c o o le d  to  0° and orange  

c r y s t a l s  were i s o l a t e d  w h ich , when d r ie d , m elted  a t  21ij.-

2150 .

O x id a tiv e  c le a v a g e  o f £ -p h e n v l-2 ,3 -th io p h e n e q u in o n e -2 -o x lm e  

w ith  cuprous ox id e  *

a .  A m ixture of 0*3000 g .  (1*5 mmole) o f oxim e,

10 m l. o f  b u t y l c e l lo s o lv e ,  1 m l. o f  a c e to n e , 0 .5  g* of  

cuprous ox ide and 1 .5  m l. o f  c o n c en tr a ted  h y d r o c h lo r ic  

a c id  was shaken m ec h a n ica lly  fo r  se v e n ty  f i v e  m in u te s , 

fflae m ixture was s t e a m - d is t i l le d ;  i t  y ie ld e d  no p r o d u c t.

b . A m ixture o f 0 .3 0 0  g .  o f  oxirae, 10 m l. o f  

b u t y l c e l l o s o l v e ,  1 m l. o f  a c e to n e , 0*5 g* cuprous o x id e ,

1 .5  m l. o f  co n c en tr a ted  h y d r o c h lo r ic  a c id  and 2 m l. o f
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w ater  was r e f lu x e d  fo r  one hour and th en  s t e a m - d i s t i l l e d .

The d i s t i l l a t e  was e x tr a c te d  w ith  e th e r  w hich upon ev a ­

p o r a t io n  y ie ld e d  no a p p re c ia b le  r e s id u e .

2 , 5 -B ip h en y l th ie n o  [i|.,5 -b  ] oxassole

a . a  s o lu t io n  o f  1 .2 2  g .  ( 6 .1  mmole) o f oxime in  5 m l. 

o f  benzaldehyde was r e f lu x e d  fo r  tw enty  fo u r  h o u r s . The 

p r e c ip i t a t e  which formed on c o o lin g  the benzaldehyde s o ­

lu t io n  was i s o la t e d ;  th e  benzaldehyd e was fu r th e r  con cen ­

t r a t e d  and a second q u a n tity  o f s o l i d  was i s o l a t e d .  The

t o t a l  y i e l d  was 0 .5  g* (23$ ) ,  m .p . 176- 177° J r e c r y s t a l l i ­

z a t io n  from  e th a n o l gave c o lo r le s s  n e e d le s ,  m .p . 1 7 6 . 2 - 1 7 6 . 8° .

A n a l. G alcd . fo r  CX7Hi: l0NS: 0 ,  73*7; H, ij-.O;
N ,  5 .1 ;  s ,  11.6

Found: C, 73*^ (C lark; 7lt-• !  (P it tsb u r g h )

H , ij-.l (C la rk ); I4. . I  (P it tsb u r g h )

N , 5*2 (C la rk ); 5»2 (P it tsb u r g h )

S , 8 . 7 , 8 .9  (P it t s b u r g h );  1 2 .2  (Manser)

The s o l u b i l i t y  o f th e  o x a zo le  in  a s o lu t io n  o f  90 m l. 

o f  w ater and 10 m l. o f  aceton e  was determ ined  a t  2 9 ° .  Ex­

c e s s  e x a z o le  was s t i r r e d  in  t h i s  s o lv e n t  fo r  10 m in u tes  

and the u n d is so lv e d  s o l i d  was f i l t e r e d .  The f i l t r a t e  

was e x tr a c te d  w ith  e th e r ,  th e  e th e r  evap ora ted  and th e  

r e s id u e  d r ie d . W eights o f  0 .0 0 3 5  g* and 0 .0 0 3 1  g .  were 

o b ta in ed  in  s u c c e s s iv e  r u n s .
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b . A fter  a s o lu t io n  o f  0 .3 6  g. ( 1*8 mmole) o f th e  oxime 

in  10 m l* ( 0 .1  m ole) o f  benzaldehyde had been  r e f lu x e d

f o r  e ig h te e n  h o u r s , the benzaldehyde was removed by 

d i s t i l l a t i o n  and th e  r e s id u e  was d is s o lv e d  in  ch loro form , 

washed w ith  sodium carb on ate  s o lu t io n  and d r ie d  w ith  D r i e r i t e .  

Upon rem oval o f s o lv e n t  and d ry in g  agen t th e r e  was o b ta in ed  

0 .5 1  g « o f a brown c r y s t a l l in e  s o l i d .  R e c r y s t a l l iz a t io n  

from  a lc o h o l  y ie ld e d  two b a tc h e s  o f c r y s t a l s  to g e th e r  w e ig h in g  

O .2I4. g ,  m .p . 175-177° •

c .  One gram (5 mmole) o f oxime in  5 nil* (5>0 m oles) o f  

benzaldehyde and 10 m l. o f  m -xy len e was r e f lu x e d  o v e r n ig h t .  

There was no p r e c ip i t a t e  form ed upon c o o lin g  th e  s o lu t io n .

The x y le n e  and benzaldehyde were e x tr a c te d  w ith  b ase  b e fo r e  

b ein g  removed by vacuum d i s t i l l a t i o n .  The r e s id u e  was r e ­

c r y s t a l l i z e d  from d ioxan e and y ie ld e d  0 .5  g* [31%) o f  o x a z o le ,

m .p . 1 7 2 -1 7 5 °•

d . A m ixture o f 0 .1 5  g» (0 .7  mmole) o f  oxim e, 50 m l.

o f  benzene and $ m l ,  (50 m ole) o f b enzaldehyd e was r e f lu x e d  

f o r  f i f t e e n  h o u r s . The s o lu t io n  was c o o le d  to  room tem per­

a tu re  and 0 .1  g .  o f  y e llo w  n e e d le s  was i s o l a t e d ,  m .p . 21ij- 

216®. Another 0 .0 3  g» o f  oxime was e x tr a c te d  from  the s o ­

lu t io n  w ith  b a s e . T o ta l r e c o v e r y  amounted t o  87$*

e .  A s o lu t io n  o f 1 g .  o f  oxirae (5 m m ole), and 0 .5  g .  o f  

b e n za ld e h y d e  ( 5 mmole) in  20 m l. o f  a b s o lu te  a lc o h o l  was 

r e f lu x e d  fo r  two h o u r s , When th e  s o lu t io n  was c o o le d  0 .6 5  g* 

o f  oxim e, m .p. 218- 220° ,  was i s o l a t e d .

f .  A s o lu t io n  o f  1 .0  g .  (5  mmole) o f  oxime and 2 .0  m l. 

(20  mmole) o f  benzaldehyde in  50 m l. o f  d i ls o p r o p y l  e th e r
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was r e f lu x e d  f o r  fo u r  h o u r s . A fte r  s ta n d in g  a t  room tem­

p e r a tu re  o v e rn ig h t oxime p r e c ip i t a t e d ,  but th e  m ixture was 

c o o le d  to  - 70° t o  fu r th e r  a id  c r y s t a l l i z a t i o n  and 0 .9 5  g« 

o f  oxime (m .p . 215- 218° )  was i s o l a t e d  by f i l t r a t i o n .

g .  A s o lu t io n  o f 1 .3  g .  (6 mmole) o f oxime in  10 m l. 

( 0 .1  m ole) o f  benzaldehyde and f i v e  drops o f  co n c en tr a ted  

h y d r o c h lo r ic  a c id  was r e f lu x e d  f o r  te n  h o u r s . The p rodu ct  

was s to r e d  a t  0° f o r  tw enty  fo u r  h o u r s , f i l t e r e d ,  and th e  

s o l i d  th u s i s o l a t e d  was washed w ith  d ioxan e  and vacuum d r ie d .  

There was o b ta in ed  O.ij g .  o f  l i g h t  brown n e e d le s ,  m .p . 165-  

170° .

Study o f  th e  b en za ld eh y d e-o x a zo le  r e a c t io n

The o x a zo le  r e a c t io n s ,  u s in g  5 ®1« q u a n t i t ie s  o f  

arom atic a ld e h y d es , were c a r r ie d  out in  s id e  neck t e s t  tu b e s .

A s t i r r i n g  rod and n itr o g e n  i n l e t  tube were in tro d u ced  through  

a two h o le  rubber s to p p e r . The tem perature was fo llo w e d  by 

means o f  a 100-170° Anschutz therm om eter w hich was e n c lo s e d  

in  the t e s t  tube and was suspended from  i t s  edge by means o f  

a copper w ire h ook . The s id e  neck  le d  to  an u p r ig h t  sem i-  

m icro con denser and from th e  top  o f  th e  co n d en ser , g la s s  

tu b in g  le d  in t o  a bubble t r a p . When th e  r e a c t io n  was c a r r ie d  

out under n itr o g e n  th e  f lo w  o f  t h i s  gas through the r e a c t io n  

tu b e arm th e  condenser was determ ined  n o t in g  th e  stream  o f  

b u b b les in  the tr a p . The oxime was s t i r r e d  w ith  v a r io u s  

arom atic a ld eh yd es a t  tem p eratu res c lo s e  to  150° w h ile  t im e ,  

q u a n t ity ,  c a t a l y s t ,  or atm osphere were v a r ie d . At the end 

o f  th e  run th e  p rod u ct was tr a n s fe r r e d  t o  a 25 m l. d i s t i l l i n g  

f l a s k  and th e  s o lv e n t  was d i s t i l l e d  under n itr o g e n  a t red uced
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p r e s s u r e .  The r e s id u e  was d is s o lv e d  in  ch loro form  and e x ­

tr a c te d  w ith  d i l u t e  b a s e . When th e  b ase  s o lu b le  p o r t io n s  

were in v e s t ig a t e d  th ey  were a c id i f i e d  w ith  d i lu t e  hydro­

c h lo r ic  a c id  and e x tr a c te d  w ith  e th e r .  The e th e r  was 

a llo w ed  t o  evap ora te  and th e  t o t a l  w eigh t o f  th e  a c id ic  

p o r t io n  was determ in ed . T h is was e x tr a c te d  i n i t i a l l y  w ith  

25 m l. and th en  w ith  10 a d d it io n a l  m l. o f b o i l in g  w a te r .

The w ater so lu b le  m a te r ia l  was i s o l a t e d  from  th e s e  aqueous 

s o lu t io n s  by e th e r  e x tr a c t io n  and w eighed a f t e r  ev a p o ra tio n  

o f  th e  e t h e r .  The w ater  in s o lu b le  m a te r ia l  (oxirae) was 

a l s o  d r ie d  and w eigh ed .

The o x a zo le  p o r t io n s  were worked up by a llo w in g  th e  

ch loroform  to  evap orate  and f i r s t  d eterm in in g  th e  t o t a l  

w eigh t o f  o x a zo le  and t a r .  T h is m a te r ia l  was th en  d is s o lv e d  

in  carbon t e t r a c h lo r id e  and p a sse d  through  a !pcl8 cm. column 

o f  a c t iv a te d  alum ina (M erck). The o x a z o le s  p o s s e s s e d  a b lu e  

or b l u e - v i o le t  l i g h t  and when washed through  th e  column were 

sep a ra ted  from the v ery  s tr o n g ly  adsorbed t a r s  and co u ld  be 

fo llo w e d  by means o f th e  f lu o r e s c e n c e .  Carbon t e t r a c h lo r id e  

gave an e x c e l le n t  se p a r a t io n  and u s u a l ly  about a l i t e r  o f  

t h i s  s o lv e n t  was r e q u ir e d  to  e lu t e  a l l  o f  th e  f lu o r e s c e n t  

m a te r ia l .  The s o lv e n t  was removed w ith  a t a k e - o f f  con denser  

and th e  o x a zo le  was washed onto  a P e t r i  d is h  w ith  carbon  

t e t r a c h lo r id e ,  w hich was th en  a llo w ed  to  e v a p o r a te . The 

o x a z o le  was w eighed and i t s  m e lt in g  p o in t  d eterm in ed . The 

r e s u l t s  u s in g  t h i s  procedure are g iv e n  in  F igu re  2l±, page I4. I .

2 -  (ij-m ethoxyphenyl) -5 -p h e n y lth ie n o  } o x a z o le

A s o lu t io n  o f  1 .3  g .  (6  mmole) o f  oxime in  30 m l. ( .2 5  m ole)
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o f  an i s  a ldehyde was h e a te d  a t  15 0 -5 °  fo r  th r e e  h o u r s . The 

p rod u ct was d is s o lv e d  in  100 m l. o f  ch loroform  and e x tr a c te d  

w ith  sodium carb onate s o lu t io n  u n t i l  a c id i f i c a t i o n  o f  th e  

b ase  no lo n g e r  gave a p r e c i p i t a t e .  The p r e c ip i t a t e  was e x ­

t r a c te d  w ith  b o i l in g  w ater whereupon 0 . 7i+ g .  o f oxime was 

l e f t .  The ch loroform  s o lu t io n  was d r ie d  o v ern ig h t w ith  

D r ie r i t e  and a f t e r  rem oval o f  th e  d e s ic c a n t  and s o lv e n t  the  

a n isa ld eh y d e  was removed by d i s t i l l a t i o n  a t 1 mm., b .p .  87° ,  

under n itr o g e n . The r e s id u e  was c r y s t a l l i z e d  from c h lo r o ­

form  and th en  e th a n o l , w t . 0 .1 5  g .  (1 8 $ ) .  The m a te r ia l  was 

r e c r y s t a l l i z e d  t o  c o n sta n t m e lt in g  p o in t  from  e th a n o l,  

c o lo r le s s  m ic r o - c r y s t a ls ,  m .p . 1 6 6 . 6 - 1 66 . 9 °*

A n al. C alcd . fo r  CX8H130s NS: C, 70.1+; H, Ip.2; N, Ip.5 ; S , 1 0 .Ip

Pound: C, 70.1p; H, I4.. 2; N, Ip * 6 5 S , 1 1 .2  (Manser)

R e a c tio n  o f  2 ,5 -< iip h e n y lth ien e [ip , 5 -b  3 o x a zo le  w ith  t r i n l t r o -  
f lu o ren o n e

S e v e n - t e n th s  o f  a  gram ( 2 .5  mmole) o f o x a z o le  and 

0 .8  g .  o f  t r i n i t r o f l u o r e n o n e  ( 2 .5  mmole) w ere  each  h e a t e d  

i n  s u f f i c i e n t  q u a n t i t i e s  o f  benzene  t o  j u s t  d i s s o l v e  th e  

compounds a t  th e  b o i l i n g  p o i n t .  The two p a l e  y e l lo w  s o l u -  

w ions were com bined; th e  m ix tu r e  h a d  a r e d  c o l o r ,  b u t  no 

p r e c i p i t a t i o n  o c c u r r e d .

2 -  (I{.-Isopropylphenyl) - 5 -p h en y l th ie n e o  [lp ,5-b  3 o x a zo le

Cuminaldehyde" was p u r i f ie d  by e x tr a c t io n  w ith  10$ 

sodium carbonate s o lu t io n  fo llo w e d  by d i s t i l l e d  w a te r .

A fte r  d ry in g  the aldehyde w ith  D r i e r i t e , i t  was d i s t i l l e d

under n it r o g e n , b .p .  77*8° (2 .6  m m.). A s o lu t io n  o f 2 g .

(10 mmoles) o f th e  oxime in  30 m l. ( 0 .2  m ole) o f  cum inaldehyde

The cumin aldehyde was a g i f t  o f  th e  H ilto n -D a v is  Company, 
C in c in n a t i ,  Ohio through th e  c o u r te sy  o f Dr. N. C rounse.
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was h e a te d  betw een 150- I 7O0 f o r  e ig h t  hours under n itr o g e n  

w ith o u t s t i r r i n g .  The aldehyde was removed by vacuum d i s ­

t i l l a t i o n ,  b .p .  88° (3 mm.) and th e  r e s id u e  was p u r i f ie d  in  

th e  standard  manner v ia  chrom atography. There was i s o la t e d  

0 .2 7  g .  o f an orange s o l i d  which a f t e r  two r e c r y s t a l l i z a t i o n s  

from  m ethanol was o b ta in ed  as c o lo r le s s  n e e d le s ,  m .p . 1 3 1 .8 -  

1 3 2 . 6 ° .

A n a l. C a lcd . f o r  CaeHx7»QS: C, 75*2; H, 5 -3 ;  N,

Pound: G, 7^*9; H, 5*2; N, I4..7 (Manser)

P a r a -x y ly l  bromide

P a r a -x y ly l  bromide was prepared  by th e  method o f  

B rew ster  A m ixture o f  106 g .  ( 1 .0  m ole) o f  jD -xylen e, 800

m l. o f carbon t e t r a c h lo r id e ,  300 m l. o f  w ater and a few  

c r y s t a l s  o f  io d in e  was g e n t ly  r e f lu x e d  w h ile  126 g .  (I|_.76 m ole) 

o f  bromine in  500 mi .  o f  carbon t e t r a c h lo r id e  was added 

d ro p w ise . An u l t r a - v i o l e t  lamp was p la c e d  a g a in s t  the  

r e a c t io n  f la s k  and i t s  r a y s  were d ir e c te d  in to  th e  r e a c t io n  

d u rin g  th e  a d d it io n  o f  the brom ine. The s o lu t io n  was a t  

f i r s t  red d ish -b row n  but a f t e r  a few  m in u tes became c o l o r l e s s ,  

and then  aga in  tu rn ed  y e l lo w . The r e f lu x in g  was stop ped  

when the m ixture had a ga in  become c o lo r le s s  whereupon th e  

carbon t e t r a c h lo r id e  la y e r  was sep a ra ted  and the s o lv e n t  

removed by d i s t i l l a t i o n .  The rem ain ing  y e llo w  o i l  was d i s ­

t i l l e d  and y ie ld e d  99 g* (5#J$) o f  £ - x y l y l  brom ide, b .p .  95”

105° (8 mm.) and th e  r e s id u e  was p rob ab ly  in  la r g e  p a r t  u 9d }  

d ib ro m o -£ -x y len e . T h is method i s  comparable to  th e  d ir e c t

(70 ) J .P . B rew ster , J .  Am. Chem. S o c . 1^0, I4.O6 (1 9 1 8 ) .
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b rom in ation  o f  £-xyl@ ne a t  130° ( 7 1 ) which y i e l d s  if6% o f  

th e  £ - x y l y l  bromide and l+Qfo o f  th e  dibromo compound.

P a ra -to lu a ld eh y d e

P a ra -to lu a ld eh y d e  was prepared  from  £ -x y le n e  and 

chrom yl c h lo r id e  by th e  method o f  P erk in  and L aw ^ ^ #^3) 

in  Z2$ y i e l d .

P a ra -to lu a ld e h y d e  was a ls o  prepared  from  £ - x y l y l  

bromide and th e  sodium  s a l t  o f  2 - n i t r o p r o p a n e ^ ^  in  57$  

y i e l d .

2 -  ( £ - t o i y l ) - 5 - p h e n y l t h i e n e o [ I f , ] o x a zo le

A s o lu t io n  o f  1 g .  (5  mmole) o f  oxime in  7 ral* ( .0 5 8  m ole) 

o f  £ - to lu a ld e h y d e  was s t i r r e d  a t  150 -5 °  under n itr o g e n  f o r  

seven  h o u r s . The aldehyde was removed by vacuum d i s t i l l a t i o n  

and th e  r e s id u e  was chrom atographed tw ic e  on a l+.^xlQ cm. 

colurn o f alum ina u s in g  carbon t e t r a c h lo r id e  as th e  e lu t in g  

a g e n t. There was th u s i s o la t e d  Q.if5 g .  o f a l i g h t  ta n  s o l i d

w hich a f t e r  th r e e  r e e r y s t a l l i z a t i o n s  from  m ethanol had a

m e lt in g  p o in t  o f  1 0 1 .0 - 1 0 2 .0 ° .

A n al. C a led . f o r  Ca.aH14H0S: C, 7 4̂--3* H, if«5; N, Jf*7

Pound: C, 73*7; H, if.73» N, I f .9 (Manser)

2 -  (f'J -styry l) -5 -p h e n y l th ie n o  Elf ,5~6  3 o x a z o le

A s t i r r e d  s o lu t io n  o f  1 .0  g .  (5 mmole) o f  oxim e in  

5 m l. (.O ifl m ole) o f cinnam aldehyde was h e a te d  a t  150° in  a

(71 ) E .P .J • A tk in son  and J .P .  Thorpe, J . Chem. S o c . £ 1 ,  1697 (1 9 0 7 ) .
(7 2 ) P.M. P erk in  and H .D . Law, J • Chem. S o c . £ 1 ,  263 (1 9 0 7 ) .
(7 3 ) H.H. S i s l e r , In o r g . S y n th e s is  2 ,  205 (1 9 if6 ).
(7if) H.G. H ass and M.L. B ender, Org. S y n th eses  ^ 0 , 99 (1 9 5 0 ) .
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n itr o g e n  atm osphere f o r  e ig h t  h o u r s . The einnam aldehyde was 

removed by d i s t i l l a t i o n  a t red uced  p r e ssu re  under n it r o g e n .

The r e s id u e  was su b je c te d  to  chrom atography through an 18x1}..5 cm. 

column o f  a c t iv a te d  a lum ina. Carbon t e t r a c h lo r id e  was 

i n i t i a l l y  u sed  as th e  e lu t in g  a g e n t , but p etro leu m  e th e r  

(i}.0- 60° )  was used  to  sep a ra te  th e  f lu o r e s c e n t  la y e r  from  a 

m obile  brown la y e r .  The p etro leu m  e th e r  s o lu t io n  o f the  

p rodu ct was condensed and rechrom atographed . Carbon t e t r a ­

c h lo r id e  was a ga in  u sed  in  order to  e f f e c t  a s e p a r a t io n  o f  

f lu o r e s c e n c e  in to  an upper l i g h t  b lu e  band, and a low er dark 

p u rp le  band.

The p u rp le  la y e r  y ie ld e d  0.01}. g .  o f  an o i l y  r e s id u e .

The b lu e  la y e r  co n ta in e d  0 .0 8  g .  o f  an impure brown s o l i d .

The l a t t e r  was r e c r y s t a l l i z e d  from  e th a n o l and y ie ld e d  a 

very  sm a ll q u a n tity  o f  y e llo w  n e e d le s ,  m .p . 173- 175° •

The r e a c t io n  was rep ea ted  and a g a in  y ie ld e d  tr a c e  

q u a n t i t ie s  o f o i l y  r e s id u e s  from  two f lu o r e s c e n t  la y e r s .

A ttem pted p r e p a r a tio n  o f 2 -p e n ty l-5 ~ p h e n y lth ie n e [l} .,5 -b 3 o x a z o le

A s o lu t io n  o f 0 .5  g* ( 2 .5  mmole) o f  oxime in  20 m l.

(O .I67 m ole) o f n -h exa ld eh yd e was r e f lu x e d  a t  II4.O0 fo r  sev en  

h o u r s . The hexald eh yd e was removed by d i s t i l l a t i o n  a t  35 ram* 

and th e  r e s id u e  was chrom atographed on a ipc20 cm. column o f  

alum ina. No p a rt o f  th e  column f lu o r e s c e d  when exp osed  to  

u l t r a - v i o l e t  l i g h t .  A y e llo w  la y e r  was washed through  

th e  column w ith  carbon t e t r a c h lo r id e  and on rem oval o f t h i s  

s o lv e n t  a red  o i l  was o b ta in ed  w hich had the odor o f  h e x ­

a ld eh y d e . The 2 ,l4.-d in itro p h en y lh y d ra zo n e  gave a m e lt in g  

p o in t  o f  102- 101}.°, a m ixed m e lt in g  p o in t  w ith  an a u th e n tic  

sample a ls o  occurred  a t  102-10if.°. The alum ina column was
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ex tru d ed  and O.I4.2 g .  o f a red d ish -b row n o i l  was e x tr a c te d  

from  the brown la y e r  a t th e  top  o f  th e  colum n. We d id  n ot  

su cceed  in  g e t t in g  t h i s  o i l  t o  c r y s t a l l i z e  from  e th a n o l ,  

b en zen e , ch loro form , p etro leu m  e th e r  ( b .p .  lj.0- 60° ) ,  or 

d ioxan e .

2-Phenyl-Ij., 5-dim e th y lo x a z  o le -N -o x id e  hydrochi  or i  de

Pour grams (0.01+ m ole) o f b iacetylm onoxim e (75) and 

Ij. m l. (O.Oip m ole) o f  benzaldehyde were d is s o lv e d  in  100 m l. 

o f  g l a c i a l  a c e t ic  a c id  and dry hydrogen c h lo r id e  was 

bubbled in  over a two hour p e r io d . 4  la r g e  e x c e s s  o f  e th e r  

was added and c o lo r le s s  c r y s t a l s  p r e c ip i t a t e d .  These were 

i s o l a t e d  and d r ie d  in  an amber d e s ic c a t o r ,  m .p . I 89- I 9 I 0 

( L i t . ,  1 8 8 ° ) ^ ^ .  The y i e l d  was 2 .3  g» (27%) •

T r lp h e n y lo x a zo le -N -o x id e  h y d ro c h lo r id e

In to  a s o lu t io n  o f g .  o f 2-benzilm onoxim e  

(0 .0 2  m o le ) , m .p . I 36- I 3 8 0 , and 2 m l. (0 .0 2  m ole) o f ben­

za ld eh yde in  30 m l. o f  g l a c i a l  a c e t i c  a c id  anhydrous hydrogen  

c h lo r id e  was b u b b led . The c le a r  s o lu t io n  was sa tu r a te d  w ith  

hydrogen c h lo r id e  and a f t e r  a few  m in u tes s o l i d i f i e d  in t o  a 

c o lo r le s s  c r y s t a l l in e  m ass. A fte r  s ta n d in g  fo r  two days the  

produ ct d eve lop ed  a l i g h t  ta n  c o lo r .  One hundred m l. o f  

anhydrous e th e r  was added and i t  became a mass o f snow w h ite  

m ic r o -c r y s ta ls  w hich w e ig h ts  I4. . 3 O g .  (6 1 . 7^ ) .  R e c r y s ta l­

l i z a t i o n  from  benzene y ie ld e d  th e  f r e e  b a s e , m .p . I 69- I 720 . 

( L i t . ,  m .p . 170- 171° ) ^ ^  .

(75) W. L. Semon and V. R. D a m ere ll, O rganic S y n th e se s , C o l l .  
V o l. 2 ,  20lf (191+3) •
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1 »2 , 3” C y c lo h e x a n e tr lo n e -1 , 3 ~dioxim e

The same procedure d e sc r ib e d  in  O rganic S y n th eses  

f o r  th e  p r e p a r a tio n  o f b ia c e t y l  monoxime was u sed  in  th e  

p r e p a r a tio n  of c y c lo h e x a tr io n e  d iox irae . E th y l n i t r i t e  was 

p a sse d  in to  a m ix tu re  o f  cycloh exan on e and h y d r o c h lo r ic  a c id .

The r e a c t io n  m ixtu re  was c o o le d  and a dark red  product was 

removed by f i l t r a t i o n .  T h is was washed w ith  aceto n e  and th en  

c r y s t a l l i z e d  from aceton e  u s in g  a Dareo to  d e c o lo r iz e  th e  

m a te r ia l .  The compound decomposed sp o n ta n eo u sly  a t  205° •

The compound was o b ta in ed  as f in e  y e llo w  n e e d le s  from  m ethanol 

which upon sta n d in g  exposed  to  th e  atm osphere deform ed t o  an 

amorphous y e llo w  pow der. The p h en ylh yd razin e  d e r iv a t iv e  

m elted  a t  1 8 0 .0 -1 8 2 * 5 ° •  The l i t e r a t u r e s t a t e s  th a t  th e  

dloxime decom poses above 200° and form s a tr ip h en y lh y d ra zo n e  

d e r iv a t iv e  w ith  p h en y lh yd razin e  which m e lts  a t  1 8 2 -1 8 3 ° .

k t 5 ~ (b -o x im in o cy c lo h ex en o n e) -2 -p h e n y lo x a z o le -N -o x id e  h y d ro c h lo r id e

One gram ( 6 .5  m ole) o f  l ,2 ,3 - o y o lo h e x a n e t r io n e - l ,3 -  

dioxim e was d is s o lv e d  in  100 m l. o f  g l a c i a l  a c e t i c  a c id .  S ix  

m i l l i l i t e r s  (0 .0 6  m ole) o f  benzaldehyde was added. Anhydrous 

hydrogen  c h lo r id e  was p a sse d  in  u n t i l  th e  s o lu t io n  became 

s a tu r a te d , whereupon the c o lo r  changed from  p a le  y e llo w  to  

brown. When th e  w e ig h t o f  h y d r o c h lo r ic  a c id  absorbed became 

c o n s ta n t  ( 7«0 g . ) »  th e  f lo w  was d is c o n tin u e d  and a c r y s t a l l in e  

p r e c ip i t a t e  s ta r te d  to  form  a t t h i s  p o in t .  A fte r  s ta n d in g  

f o r  two days a c o lo r le s s  p r e c ip i t a t e  form ed and was i s o l a t e d  

and d r ie d  over p o ta ssiu m  h yd rox id e  in  a vacuum d e s ic c a t o r .

(7 8 ) W. B o rsch e , F e s t s c h r i f t  O tto W allach , 301 (1 9 0 9 );
B r i t .  A b str . 38 ^ ,  178 (1 9 1 0 ) .
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I t  w eighed  Q»k$ g . ,  m .p . 1 6 5 -1 7 0 ° . R e c r y s t a l l iz a t io n  from  

m ethanol y ie ld e d  th e  f r e e  b a s e , m.p* 125- 130°» r e c r y s t a l l i z e d  

from  p etro leu m  e t h e r ,  m .p . 1 3 0 .5 -1 3 2 ° . The f o l lo w in g  f a c t s  

in d ic a te  th a t  th e  s a l t  p r e c ip i t a t e d ,  and the f r e e  b ase was 

ob ta in ed  by c r y s t a l l i z a t i o n  from  m eth an o l.

a . B en zilam -N -ox id e h y d ro c h lo r id e  e a s i l y  lo o s e s  

hydrogen c h lo r id e  when r e c r y s t a l l i z e d  from benzene or a l c o h o l .

b . The s a l t ,  compound w ith  m .p . 165-170° was com­

p l e t e l y  in s o lu b le  in  p etro leu m  e th e r .

c .  B e i l s t e in  t e s t  f o r  c h lo r in e  was n e g a t iv e  on o r ig in a l  

d io x im e , p o s i t i v e  from  compound m .p . 1 6 5 -1 7 0 ° , n e g a t iv e  f o r  

compound m .p . 130- 132° .

Attem pted p r e p a r a tio n  o f 2 ,5 -d ip h e n y lth ie n o [ ij . ,5 -b jo x a z o le -N -  
oxide h y d ro c h lo r id e

a .  Pour grams (0 .0 2  m ole) o f  the th iop henequ in one  

monoxime and 2 m l. o f benzaldehyde were p la c e d  In 150 m l. o f  

g l a c i a l  a c e t ic  a c id .  Not a l l  o f  th e  oxime d is s o lv e d .  Dry 

hydrogen c h lo r id e  gas was p a ssed  in t o  the s o lu t io n  fo r  fo u r  

h o u r s . The p rodu ct was f i l t e r e d ,  and 3»0 g .  o f  u n d is so lv e d  

oxime was r e c o v e r e d . A la r g e  e x c e s s  o f anhydrous e th e r  was 

added to  the f i l t r a t e ,  no p r e c ip i t a t e  o ccu rred . The s o lv e n t s  

were e v a p o ra ted , a brow n-black  r e s id u e  rem ained . R e c r y s ta l­

l i z a t i o n  from e th a n o l w ith  th e  a s s is ta n c e  o f Darco gave

0 .2  g .  o f  y e l lo w , orange n e e d le s ,  m .p . 218- 220° .

b . Three grams (0 .0 1 5  m ole) o f  oxim e, 15 m l. o f

benzaldehyde ( 0 .1 5  m o le ) , and 25 m l. o f 31% h y d r o c h lo r ic  

a c id  were shaken two and a h a l f  h o u r s , and th en  s t i r r e d  

f o r  f i v e  h o u rs . The u n re a c te d , u n d is so lv e d  oxime w eighed  

2.1 |5  g .  The benzaldehyde la y e r  was sep a ra ted  from

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



115.

th e  aqueous la y e r  w hich was made b a s ic  but no p r e c ip i t a t io n  

o c cu rr ed . To th e  benzaldehyde p o r t io n  100 m l. o f 37$ h yd ro­

c h lo r ic  a c id  and an oth er  0 .5  g .  o f  oxime were added, and th e  

m ixtu re  was r e f lu x e d  f o r  fo u r  h o u r s . The aqueous p o r t io n  

o f  th e  c o o le d  r e a c t io n  m ixture was washed w ith  e th e r ,  and 

th en  made b a s ic .  No p r e c ip i t a t io n  o ccu rred .

c .  A m ixture o f  2 .0  g .  (0 .0 1  m ole) o f  oxim e, 0 .9 2  g .  

( 0 .9  m ole) o f  benzaldehyde and 200 m l. o f  37$ h y d r o c h lo r ic  

a c id  was shaken a t room tem perature fo r  th r e e  d a y s . The 

aqueous la y e r  was se p a r a ted  and n e u tr a l iz e d  w ith  ammonia.

A tr a c e  o f  y e llo w  m a te r ia l  form ed; t h i s  was o f  i n s u f f i c i e n t  

amount to  be i s o la t e d  and in  th e  p r o c e ss  o f f i l t r a t i o n  was 

absorbed by th e  p a p er . In a s im i la r ,  but sm a ller  r u n , enough 

y e llo w  s o l i d  was o b ta in ed  f o r  a m e lt in g  p o in t ,  108- 110° and 

i t  was n ot fu r th e r  i d e n t i f i e d .  The m a jo r ity  o f th e  oxime was 

e x tr a c te d  from th e  o rg a n ic  la y e r  w ith  aqueous carb on ate  

s o lu t io n .

R ea ctio n  o f  b ia c e t y l  monoxime w ith  benzaldehyd e

Ten grams o f  b ia c e t y l  monoxime ( 0 .1  m ole) in  15 m l. 

(0 .1 5  m ole) o f  benzaldehyde was h e a ted  t o  r e f l u x ,  and an 

a d d it io n a l  15 m l. o f  benzaldehyde was added to  b r in g  a l l  

th e  s o l i d  in to  s o lu t io n .  The s o lu t io n  was r e f lu x e d  fo r  

tw enty  h ou rs and was th en  s to r e d  in  a r e f r ig e r a t o r  fo r  s i x  

d a y s . No p r e c ip i t a t io n  o c cu rr ed . The benzaldehyde was r e ­

moved by vacuum d i s t i l l a t i o n  under n it r o g e n .  The d i s t i l l a t i o n  

was co n tin u ed  and a y e llo w  s o l i d ,  b ia c e t y l  monoxime, came 

o v e r , b .p .  85° (2*5 m m .), m .p . 7 5 -7 6 ° •  The ta r r y  r e s id u e  was 

d is s o lv e d  in  b en zen e , washed th r e e  tim es  w ith  25 m l. o f  10$  

sodium carb on ate  s o l u t i o n ,  and tw ic e  w ith  25 m l. p o r t io n s  o f
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d i s t i l l e d  w a te r , and f i n a l l y  d r ie d  over D r ie r it e *  Concen­

t r a t io n  o f  th e  s o lv e n t  e v e n tu a lly  l e f t  a n o n - c r y s t a l l in e  

orange ta r r y  o i l .  D ioxane was added in  attem p t to  c r y s t a l l i z e  

b u t t h i s  was not s u c c e s s f u l .  The ta r  was d is s o lv e d  in  a 

la r g e  q u a n tity  o f  e th a n o l ,  b o i le d  w ith  D arco , f i l t e r e d ,  con­

densed  and c o o le d . T h is procedure was a l s o  u n su c c e s s fu l*

The l a s t  t r a c e s  o f  e th a n o l were removed by vacuum and th e  

procedure was r e p e a te d  w ith  e th e r ,  carbon t e t r a c h lo r id e ,  and 

a c e t ic  acid *  None o f  th e s e  e n a b led  us t o  fu r th e r  i d e n t i f y  

th e  product*

R e a c tio n  o f  eye 1ohexane t  r  io n e  d ioxim e w ith  benzaldehyd e

F iv e  grams (0*32 m ole) o f  1 ,2 ,3 -e y c lo h e x a n e tr io n e -  

1 ,3 -d io x im e  in  25 m l. (0 .2 3  m ole) o f  benzaldehyde was s t i r r e d  

under a n itr o g e n  atm osphere f o r  th r e e  d a y s . The m ixture con­

s i s t e d  o f  a y e llo w  s o l i d  in  a brown l i q u i d .  The m ixture was 

c o o le d  and th e  s o l i d  was i s o l a t e d  by f i l t r a t i o n  under n i t r o g e n .  

The s o l i d  proved t o  be u n rea cted  d iox im e; t h i s  was shown by  

th e  p r e p a r a tio n  o f  th e  known phenylhydrazone d e r iv a t iv e  by 

h e a t in g  th e  y e llo w  s o l i d  on a w ater b ath  w ith  a few  drops 

o f  p h en ylh yd razin e  and s e v e r a l  m l. o f e th a n o l .  The m ixture  

was h e a te d  to  a llo w  th e  e th a n o l and e x c e s s  p h en y lh yd razin e  

t o  ev a p o ra te  and from  th e  red  s lu d g e , orange n e e d le s  were 

o b ta in ed  from  e th a n o l ,  m .p . 1 8 0 .0 -1 8 2 .5 ° •  The dioxim e  

form s a tr ip h en y lh yd razon e  d e r iv a t iv e ,  m .p . 1 8 2 -1 8 3 °•

The o r ig in a l  f i l t r a t e  was r e f lu x e d  f o r  fo u r  h o u r s , c o o le d ,  

and th e  s o l i d  which came down was i s o l a t e d  and r e c r y s t a l l i z e d  

from  m eth an o l, m .p . 215° w ith  sudden d eco m p o sitio n  -  t y p ic a l  

o f  t h i s  d io x im e.
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When 1 .0  g .  (6 mmole) o f  th e  dioxim e in  7 m l. (0 .0 7  

m ole) o f  benzaldehyde was r e f lu x e d  under n itr o g e n  f o r  e ig h te e n  

h ou rs th e  m a te r ia l  c o m p le te ly  decomposed to  a c h a rry , b la c k  

s o l i d .

R e a c tio n  o f  b e n z i l  monoxime w ith  benzaldehyde

a . Three grams (0 .0 1 3  m ole) o f  2 -h en zilm on  oxime and 

1 0 .2 5  g .  (0*10 m ole) o f  benzaldehyde were r e f lu x e d  f o r  one 

hour under a n itr o g e n  atm osphere. The stream  o f  n itr o g e n  

d u rin g  t h i s  tim e c a r r ie d  o f f  8 .9 0  g .  o f b en za ld eh y d e , and 

th e  rem ainder o f  th e  a ldehyde was removed by d i s t i l l a t i o n  

under n it r o g e n . The r e s id u e  w eighed  2 .9 0  g .  T h is was d i s ­

t i l l e d  a t 15 mm.; 0 .8 0  g .  o f  m a te r ia l  b o i l in g  up to  2ij.0°, 

was o b ta in ed  and t h i s  d i s t i l l a t e  was r e c r y s t a l l i z e d  from  

p etro leu m  e th e r  ( b .p .  I4.O-6O0 ) to  g iv e  c o lo r le s s  c r y s t a l s ,  

m .p . 1 1 9 -1 2 0 ° , m ixed m e lt in g  p o in t  w ith  an a u th e n t ic  sample

o f  b en zo ic  a c id  was 1 2 1 -1 2 2 ° . The f i n a l  r e s id u e  w eighed 2 .0 0 .

b . A s o lu t io n  o f 8 g .  ( 0 .0 3 5  m ole) o f  b e n z i l  monoxime 

in  30 m l. ( .3  m ole) o f  benzaldehyd e was r e f lu x e d  f o r  f i f t e e n  

h o u r s . The s o l id  form , i s o l a t e d  by f i l t r a t i o n ,  was r e c r y ­

s t a l l i z e d  from w a te r . I t  proved  to  be b e n z o ic  a c id .  The 

f i l t r a t e  was condensed by b o i l i n g  o f f  benzaldehyd e a t  atmos­

p h e r ic  p r e s s u r e . Upon c o o lin g  a y e llo w -o r a n g e  s o l i d  se p a r a ted  

and was i s o la t e d  by f i l t r a t i o n .  The s o l id  was d is s o lv e d  in  

e th e r ,  washed w ith  p o ta ssiu m  carb onate s o lu t io n ,  w a te r , and 

was th en  d r ie d  over ca lc iu m  c h lo r id e .  Removal o f th e  e th e r  

and d e s ic c a n t  l e f t  a sm a ll amount o f  r e s id u e  w hich appeared

t o  be benzaldehyd e and some s o l i d .  The s o l i d  was r e c r y s t a l ­

l i z e d  from b en zen e , m .p . 2 6 8 -2 7 1 °• More s o l i d  form ed in  th e  

benzene f i l t r a t e  and a f t e r  rem oval o f m ost o f  th e  benzene
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th e  r e s id u e  was c r y s t a l l i z e d  from  e th a n o l and w a te r . T h is  

gave a gummy p r e c ip i t a t e  which d id  n ot improve in  p h y s ic a l  

c h a r a c te r  by d ry in g  under vacuum. In an oven a t 80° i t  

e v e n tu a l ly  d r ie d  to  a s o f t  pow der, m .p . 2)40- 2145° ,  r e c r y s t a l ­

l i z e d  from  acetone i t  had a m e lt in g  p o in t  o f  273-27)4° » a 

m ixture w ith  an a u th e n t ic  sam ple o f  lo p h in e  had a m e lt in g  

p o in t  o f  272- 2714° .

R e a c tio n  o f b e n z i l  d iox im e w ith  benzaldehyd e

Three grams (0 .0 1 2 5  m ole) o f  b e n z i l  d ioxim e in  20 m l.

( 0 .2  m ole) o f benzaldehyd e was r e f lu x e d  f o r  se v e n te e n  h o u r s .

The p rod u ct was c o o le d  a t  0° f o r  one day and 0.145 g .  o f  

b en zo ic  a c id  was i s o la t e d  by f i l t r a t i o n ,  m .p . 1114- 118° .

The rem ain ing  benzaldehyde was removed by d i s t i l l a t i o n  a t  

reduced  p r e s s u r e , 1 2 .7 5  8*» b . p .  514° (8 m m .). The r e s id u e  ( 6 .1  g . )  

was a c o lo r le s s  s o l i d  w ith  a ta r r y  orange im p u r ity . I t  was 

e x tr a c te d  w ith  100 m l. o f  %% sodium  carb on ate  s o lu t io n  and 

w ith  two 150 m l. p o r t io n s  o f b o i l in g  e th e r ,  and f i n a l l y  washed  

w ith  e th e r .  The r e s id u e  w eighed 0*31 g . ,  m .p . 2 7 1 -2 7 3 °; i t  

was r e c r y s t a l l i z e d  from  e th a n o l ,  m .p . 275-277® • A

t o t a l  o f 1 .1 1  g .  o f b e n z o ic  a c id ,  m .p . 120- 121° ,  was ex­

tr a c te d  from th e  e th e r  w ith  b ase and 3 *̂ 4 S * o f  an o i l y  orange  

s o l i d  rem ained . T h is was e x tr a c te d  r e p e a te d ly  w ith  p etro leu m  

e th e r  ( b .p .  140- 60°)  u n t i l  no more m a te r ia l  d is s o lv e d  and 

l e f t  an o i l y  s o l i d  which was se p a r a ted  in to  Q.i42 g . o f  a 

d ark , p etro leu m  e th e r  in s o lu b le  o i l  and 0 .1 8  g . o f  lo p h in e ,  

m .p . 271-273°*  The r e d , s l i g h t l y  so lu b le  o i l  w eighed I .I 4O g .

Over a p e r io d  o f months more s o l i d  appeared t o  form  in  th e se  o i l s .

(77)  D. D avid son , M. W eiss , and Murray J e l l i n g ,  J .  Org. Chem.
2 ,  319 (1 9 3 8 ) .
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R eaction  of benzil-H -oxide with benzaldehyde

A s o lu t io n  o f 1 g . (3 mmole.) o f b en zilam -N -ox id e  

in  7 m l. o f  benzaldehyde ( 0 .0 7 0  m o les) was h e a te d  f o r  e ig h t  

h ou rs a t  II4.O0 . The s o lu t io n  was d is s o lv e d  in  e th e r  and 

th e  e th e r  e x tr a c te d  w ith  d i lu t e  h y d r o c h lo r ic  a c id .  The a c id  

s o lu t io n  was made b a s ic  and e x tr a c te d  w ith  e th e r .  The e th e r  

y ie ld e d  a sm a ll q u a n tity  o f  c o lo r le s s  s o l i d  w h ich , a f t e r  one 

r e c r y s t a l l i z a t i o n  from  e th a n o l ,  had a m e lt in g  p o in t  o f 2 7 3 -  

274.°* A m ixed m e lt in g  p o in t  w ith  an a u th e n tic  sam ple o f  

lo p h in e  showed no d e p r e s s io n .

The e th e r  was removed from  th e  o r ig in a l  organ ic  

s o lu t io n ,  and th e  benzaldehyd e was d i s t i l l e d  a t  1 ram. The 

r e s id u e  was d is s o lv e d  in  e th e r  and washed w ith  b a s e ,  and 

the e th e r  w asthen rem oved. T h is gave 0 .5 ^  g .  o f  a gummy, 

o ran ge-w h ite  s o l i d  whieh was r e c r y s t a l l i z e d  from  benzene  

and th en  from  e th a n o l ,  m .p . 2 2 9 -2 3 0 ° . E vap oration  o f  th e  

benzene f i l t r a t e  l e f t  a r e d , gummy r e s id u e  w hich was e x ­

trem ely  s o lu b le  in  e th a n o l , ch lo ro fo rm , b en zen e , m eth an o l, 

e t h y l  a c e t a t e ,  and e th e r  and was n o t fu r th e r  c h a r a c te r iz e d .  

Phenanthraquinone monoxime

A s o lu t io n  o f  1 0 .0  g .  (0 .0 5  m ole) o f  phenanthraquinone  

and I}..5  g* (0 .0 6 5  m ole) o f  hydroxylam ine h y d r o c h lo r id e  in  

100 m l. o f  a b so lu te  m ethanol and 15 m l. o f  ch loro form  was 

r e f lu x e d  f o r  two h o u r s . There was o b ta in ed  10*70 g .  (100$) 

o f  y e llo w  n e e d le s ,  m .p . 151+-1570 ( L i t . ,  m .p . 1 5 8 ° )^ ® ^ .

The r e a c t io n  o f phenanthraquinone monoxime w ith  benzaldehyde  

A s o lu t io n  o f 1 g .  o f  phenanthraquinone monoxime (I4..5 

m oles) in  7 m l. (0 .0 7  m ole) o f  benzaldehyde was h e a te d  a t  150°

fo r  e ig h t  h o u rs . Tan c r y s t a l s  w e ig h in g  0*50 g .  were i s o l a t e d

( 7 8 ) H. G oldshm idt, B er. 1 6 , 2178 ( 1 8 8 3 ) .
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from  th e  c o o le d  s o lu t io n .  These were d is s o lv e d  in  e th e r ,  

the e th e r  was washed w ith  two 25 m l. p o r t io n s  o f  16$ sodium  

h yd rox id e  s o lu t io n ,  and th e n  w ith  25 m l. o f d i s t i l l e d  w a te r ,  

and was th en  removed* There rem ained 0 .2 5  g . o f  cream- 

c o lo r e d  c r y s t a l s .  R e c r y s t a l l iz a t io n  from  e th a n o l gave a 

compound w ith  a m e lt in g  p o in t  o f 3 1 0 -3 1 3 °; th e  p ie r a te  o f  

t h i s  m elted  a t 2 8 0 -2 8 2 ° . ( L i t . ,  2 -p h en a n th r im id a z o le , m .p . 

312- 313° ;  p l c r a t e ,  m .p . 2 8 0 ° ) (il-8 ) .

The benzaldehyde f i l t r a t e  o f  t h i s  r e a c t io n  was com­

b in ed  w ith  th a t  o f  a d u p lic a te  r u n . Benzaldehyde was removed 

by d i s t i l l a t i o n  a t 1 ram. The brow n-b lack  gummy r e s id u e  was 

d is s o lv e d  in  e th e r  and l e f t  an amorphous brown s o l i d  th a t  

w eighed 0*13 g * » m .p . 1 9 6 -2 0 3 ° . A ttem pted r e c r y s t a l l i z a t i o n  

from  benzene y ie ld e d  a b la c k  gum. The gum was d is s o lv e d  in  

benzene and t h i s  was p a sse d  through  a column o f  a lum ina. A 

b l u e - v i o l e t  f lu o r e s c e n t  band was washed through  th e  12x2 cm. 

column w ith  t h i s  so lv e n t*  Removal o f th e  benzene y ie ld e d  a 

tr a c e  o f  y e llo w  s o l i d .

The e th e r  s o lu t io n  was washed w ith  d i lu t e  sodium  

carb on ate  s o lu t io n ,  and t h i s  l e f t  1 .5 7  g .  o f  a brow n-black  

s e r a i- s o l id  d is s o lv e d  in  the e t h e r .  R e c r y s t a l l iz a t io n  was 

u n s u c c e s s fu lly  a ttem p ted  from  50% e th a n o l-a c e to n e  (Darco  

tr e a tm e n t);  r e c r y s t a l l i z a t i o n  from  m ethanol y ie ld e d  0 .2 0  g .  

o f  a brow n-red powder upon i n i t i a l  c o n c e n tr a t io n , m .p . lij.6- 

1 5 6 ° . The p rod u cts were not in v e s t ig a t e d  beyond t h i s  p o in t .

5 - P h e n y l-2 ,3 -th io p h en eq u in o n e  dioxim e

To a s o lu t io n  o f 10 g .  (0 .0 5  m ole) o f 5”PReny 1”2 ,3  

-th io p h en eq u in o n e-2 -o x im e  and 2*5 g . (0 .0 6 2  m ole) o f sodium  

h yd rox id e  in  200 m l. o f w ater  was added a s o lu t io n  o f 15 g .
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(0 .2 1 6  m ole) o f  hydroxylam ine h y d ro c h lo r id e  and 15 g . o f  

sodium h yd roxid e In 150 m l. o f  w a te r . The t o t a l  volume was 

brought to  700 m l. by the a d d it io n  o f  w ater and th e  s o lu t io n  

was s t i r r e d  a t room tem perature f o r  one h o u r . U n d isso lv ed  

monoxime s a l t  ( 0 . 7 5  S*) w&s removed by f i l t r a t i o n ;  th e  s o lu t io n  

was a c id i f i e d  w ith  ic e d  h y d r o c h lo r ic  a c id  and a llow ed  t o  

stan d  fo r  two d a y s , and 7 g« o f l i g h t  brown s o l i d  was i s o l a t e d .  

The s o l i d  was h e a te d  w ith  th r e e  300 m l. p o r t io n s  o f  benzene  

u n t i l  th e  rem aining b r ig h t  y e llo w  powder no lo n g e r  gave a 

b lu e  c o lo r a t io n  w ith  an a lc o h o l ic  s o lu t io n  o f  f e r r i c  c h lo r id e .  

T his y e llo w  s o l id  was monoxime, m.p.  2 3 4 -2 1 6 ° , and w eighed  

2 g . The benzene was condensed  to  g iv e  a crop o f cream- 

c o lo r e d  n e e d le s ,  y i e ld  4*5 g» F urther c o n c e n tr a t io n  o f th e  

benzene y ie ld e d  0 .5  g . o f l e s s  pure d io x im e . The t o t a l  y i e l d  

o f dioxim e was 49$# o f  monoxime u n rea cted  2 7 $ . 'The dioxim e  

when r e c r y s t a l l i z e d  from  benzene was ob ta in ed  as c o lo r le s s  

c r y s t a l s ,  m .p. 1 2 6 .4 - 1 2 6 .8 ° .

A n al. C alcd . f o r  Clo HaNs 0s S: C, 54«&; H, 3 . 6 4

Found: C, 54*7# H, 3*7 (Manser)

In a s im ila r  r e a c t io n  run f o r  6 hours 7 1 .4 $  o f  d io x im e,

5 $ o f  u n rea cted  oxim e, and 3$  o f u n id e n t i f ie d  m a te r ia l  were 

i s o l a t e d .  When th e  r e a c t io n  m ixture was a c id i f i e d  th e  product 

p r e c ip i t a t e d  v ery  s lo w ly .  In anoth er r e a c t io n  th e  b a s ic  so ­

lu t io n  o f 1 g .  o f  monoxime and 1 .5  g .  o f  hydroxylam ine hydro­

c h lo r id e  was a c id i f i e d  a f t e r  t h r i t y  m in u tes . The p r e c ip i t a t e  

was i s o la t e d  a t one day in t e r v a l s :
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F ir s t  p r e c ip i t a t e  .3 0  g< m.p.  12$-16ij.0 . T h is was r e ­
c r y s t a l l i z e d  from  e th a n o l ,  m.p.  
21 0 -2 1 2 °; m .m .p. w ith  monoxime 
213-215°

Second p r e c ip i t a t e

Third p r e c ip i t a t e  

Fourth  p r e c ip i t a t e  

F i f t h  p r e c ip i t a t e  

F in a l  p r e c ip i t a t e

.3 8  g .  m .p . 1 2 7 -1 2 8 ° . R e c r y s t a l l iz e d  
from  benzene and l i g r o i n  ( b . p .  
7 0 -9 0 ° )  1 2 7 .0 - 1 2 7 .3 s

.1 1  g .  m.p.  125-278°

Combined, r e c r y s t a l l i z e d  from  
.1 8  g .  m eth an o l, y e llo w  n e e d le s ,  m.p.

22 l|.-2 l60 ; m .m .p. (monoxime) 211^-216°

tr a c e  m.p .  206 -208°

The u l t r a - v i o l e t  a b so rp tio n  spectrum  o f  an e th a n o l  

s o lu t io n  o f th e  f i r s t  crop o f y e llo w  n e e d le s ,  determ ined  w ith  

a Beckmann model DC q u artz  u l t r a - v i o l e t  sp ec tro p h o to m eter , 

h ad  th e  fo l lo w in g  v a lu e s :  A max. 2I4.8 mi. (logfc 3 » 7 2 ) ,  A m in.

357 m// ( l o g e  3 . 14.5 ) • A secon d  crop o f  y e llo w  n e e d le s  was ob­

ta in e d  by c o n c e n tr a t in g  th e  o r ig in a l  e th a n o l ic  s o lu t io n ,  and 

th e  u l t r a - v i o l e t  spectrum  in  e th a n o l was o b ta in ed ; A max.

214.6 Btyi ( l o g e  3 . 9 1 ) ,  Amax 315 m/> ( l o g e  3 . 9 5 ) ,  Amax 382 mn 

( lo g e  3 . 3 1 ) ,  A m in. 276 raw. ( l o g e  3 . 7I4. ) , Am in. 353 ( l o g e  3 .1 5 )  

Steam d i s t i l l a t i o n  o f  5 ->p h e n y l-2 ,3 -th io p h e n e q u in o n e  d ioxim e

A s o lu t io n  o f 1 g . (14-.5 mmole) o f  th e  dioxim e in  

30 m l. o f  h$> sodium h yd rox id e s o lu t io n  and 120 m l. o f  w ater  

was s t e a m - d is t i l l e d  u s in g  su p erh ea ted  steam . A t o t a l  of 

2100 m l. o f  d i s t i l l a t e  was c o l l e c t e d .  T h is was e x tr a c te d  

w ith  two 130 m l. p o r t io n s  o f  e t h e r .  The e th e r  was d r ie d  over  

D r ie r i t e  and th en  removed by e v a p o r a tio n . An u n p lea sa n t  

sm e llin g  o i l ,  0 .0 9  g * * rem ained , and attem p ted  c r y s t a l l i z a t i o n  

from  benzene was u n s u c c e s s fu l .  The b a s ic  p o t  l iq u id  was ex­

tr a c te d  w ith  e th e r  and th u s y ie ld e d  l e s s  th a n  0 .0 1  g .  o f  

r e s id u e .  The s o lu t io n  was a c id i f i e d  w ith  d i lu t e  h y d r o c h lo r ic
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a c id ,  whereupon th e re  was th e  p r e c ip i t a t io n  of cream -co lo red  

s o l i d .  The s o lu t io n  was e x tr a c te d  w ith  e th e r ,  29$ (0*85 g<>) 

o f  m a te r ia l  was o b ta in e d , m.p.  1214.-126° .  The f e r r i c  c h lo r id e  

t e s t  was p o s i t i v e .

Steam d i s t i l l a t i o n  o f  5 -p h e n y l-2 ,3 -th io p h e n e q u in o n e  d ioxim e  
from  ac id

One gram of 5 “phenyl-2 ,3**th ioph en eq u inon e dioxim e (I4..5 

mmole) was added t o  75 m l. o f  c o n c e n tr a te d  h y d r o c h lo r ic  

a c id  and 75 m l. o f  d i s t i l l e d  w ater  and su p erh eated  steam  

was p a sse d  through t h i s  m ix tu re  u n t i l  a t o t a l  o f  1300 m l. 

o f  d i s t i l l a t e  was c o l l e c t e d .  T h is c o n ta in e d  a s tr a w -c o lo r e d  

s o l i d ,  0 .2 8  g . ,  m.p.  90 - 914. ° ,  n e g a t iv e  FeC la t e s t ,  th e

m a jo r ity  o f w hich came over a t th e  s t a r t  o f  th e  d i s t i l l a t i o n .

Upon s o lu t io n  in  e th a n o l ,  0 .0 2  g .  o f u n d is so lv e d  m a te r ia l  r e ­

m ained which proved to  be s u l f u r .  The e th a n o l s o lu t io n  y ie ld e d  

la r g e  c o lo r le s s  p l a t e s ,  m.p.  9 3 *0- 9 3 . 6 ° ,  w hich were r e -  

c r y s t a l l i z e d  from p etro leu m  e th e r  ( b . p .  14.0- 60° )  and d r ie d  

a t  1 mm. f o r  e ig h t  h o u r s , m.p.  9 3 « 6 -9 ij-.l0 *

A n al. G aled . f o r  C10H6N8 Q: C, 7 0 . 6 ;  H, 3*5» 1 6 .5

Found: (tfchanol) 0 ,  7 0 . 9 J H, 3*7; N, 1 6 .0  (Manser)
( l i g r o i n ) G ,  7 0 .1 ;  H, 3*6;  N, 1 6 .7  (Manser)

The d i s t i l l a t e  was e x tr a c te d  w ith  e th e r  and y ie ld e d  

0 .0 7  g . o f  a red  s o l i d ,  m .p . 83 - 85°* w hich was r e c r y s t a l l i z e d  

from  e th a n o l ,  rap. 9 0 -9 2 ° .

The n o n d is so lv e d  m a te r ia l  in  th e  c o o le d  p o t  l iq u o r  

was a m ixture o f  brown amorphous su b sta n ce  and y e llo w  c r y ­

s t a l l i n e  m a te r ia l  and th e  t o t a l  w e ig h t was 0 .3 2  g .  Some o f  

th e  l a t t e r  was i s o l a t e d  m anually  and had a m e lt in g  p o in t  o f  

156- I 6 O0 .  The f i l t r a t e  was e x tr a c te d  w ith  e th e r  and y ie ld e d
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0 .0 ?  g .  o f  a y e llo w  s o l i d ,  m .p . 1 5 5 -1 5 7 0 . The s o l i d s  were 

combined and e x tr a c te d  w ith  th r e e  20 m l. p o r t io n s  o f b o i l in g  

w a te r . In  t h i s  way 0 .1 7  g .  o f  w ater  s o lu b le  s o l i d ,  m .p . 148 -  

154° and 0 .1 8  g .  o f  w ater  in s o lu b le  s o l i d ,  m .p . 1 8 2 ° , were 

i s o l a t e d .

Hie w ater s o lu b le  m a te r ia l  was c r y s t a l l i z e d  tw ice  

from  b en zen e, m .p . 1 5 8 -1 6 1 ° . S im u ltan eou s m e ltin g  p o in t s  

w ith  b en zo y lp y ru v ic  a c id  and th e  oxazin one gave th e  fo l lo w in g  

r e s u l t s :

A« B en zoy lp yru vic  a c id  m .p . 158-159°
Dioxim e p rod u ct m .p . 158-161°
M.m.p. 136 - l i j . l0

B. Oxime h y d ro ly sis  p rodu ct m .p . 149-154°
D ioxim e h y d r o ly s is  p rod u ct m .p . 148-153°
M.m.p. 1 5 1 -1580

The w ater in s o lu b le  p o r t io n  was d is s o lv e d  in  e th e r  and e x ­

t r a c t e d  w ith  sm a ll q u a n t i t i e s  o f sodium  h yd rox id e  u n t i l  

a c id i f i c a t i o n  w ith  d i lu t e  h y d r o c h lo r ic  a c id  no lo n g e r  cau sed  

the p r e c ip i t a t io n  o f  m a te r ia l .  The a c id i f i e d  s o lu t io n  con­

ta in in g  th e  p r e c ip i t a t e  was e x tr a c te d  w ith  e th e r  and a f t e r  

d ry in g  a y e llo w  s o l i d  was i s o l a t e d  w hich w eighed 0 .1 2  g . ,  

m .p. 2 1 0 -2 1 2 ° . T h is was r e c r y s t a l l i z e d  from  e th a n o l ,  and 

w ith  th e  a id  o f  a sm a ll amount o f  ^arco b r ig h t  y e llo w  n e e d le s  

were o b ta in e d , m .p . 214- 215° ,  m ixed m e lt in g  p o in t  w ith  an 

a u th e n tic  5“P h e n y l-2 ,3 -th io p h e n e q u in o n e -2 -o x im e , 2 1 4 -2 1 5 ° .

The base in s o lu b le  m a te r ia l  was sep a ra ted  in t o  a 

benzene in s o lu b le  y e llo w  s o l id  and a d a r k -c o lo re d  benzene  

s o lu t io n .  The benzene s o lu t io n  y ie ld e d  b la c k  c r y s t a l s ,  m.p.

1 1 0 ° . These were e lu te d  in  a 1x8 cm. column of alum ina w ith  

200 m l. o f  benzene and y ie ld e d  c o lo r le s s  c r y s t a l s ,  m .p .  111- 113° ,
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which proved to  be su lfu r .

A ttem pted p r e p a r a tio n  o f  ^ -p h en y lth iop h en eq u in on e fu ra za n  

A s o lu t io n  o f 2 g .  (0 .0 9  m ole) o f  d ioxim e in  $0  m l. 

o f  to lu e n e  was r e f lu x e d  fo r  two h o u r s . The s o lu t io n  y ie ld e d

O.63  g* o f  cream -co lored  p r e c i p i t a t e ,  m .p . 1 2 0 -1 2 2 ° . The 

to lu e n e  was c o n c en tr a ted  tolf? m l . ,  0 .2 7  g .  o f  a red-brow n  

powder, m .p . 170° (d e c .)  was o b ta in e d . E vap oration  o f  

th e  rem ain ing  to lu e n e  l e f t  O.7 7  g .  o f  a brown, somewhat 

c r y s t a l l in e  r e s id u e .  The l a s t  two p o r t io n s  were combined 

and d is s o lv e d  in  80 m l. s o lu t io n  o f  e t h e r .  The e th e r  

s o lu t io n  was washed w ith  two 50  m l. p o r t io n s  o f 10$ sodium  

h yd rox id e  and two £0  m l. p o r t io n s  o f  d i s t i l l e d  w ater and th e  

e th e r  was evap orated  to  y i e l d  0 .6 5  g» & tan  s o l i d ,  m .p . 

llj.7-15!?0 • A fte r  one r e c r y s t a l l i z a t i o n  from  a lc o h o l  ( t r e a te d  

w ith  B arco) and a r e c r y s t a l l i z a t i o n  from  b en zen e , a c o lo r l e s s  

c r y s t a l l in e  s o l id  was o b ta in e d , m .p. 2 0 5 #5“2 0 6 . 0 ° .

A n al. C alcd . f o r  Clo Hs Ns 0S: C, 59*5; H, 3*0

Found: C, 6 3 *5; H, Ij-.O (Schw arzkopf)

The aqueous p o r t io n  was a c i d i f i e d  w ith  h y d r o c h lo r ic  

a c id  and e x tr a c te d  w ith  th r e e  25 m l. p o r t io n s  o f  e th e r .  Re­

m oval o f th e  e th e r  gave O .ifl g . o f  a red  and b la ck  s o l i d  t a r .  

Attem pted r e c r y s t a l l i z a t i o n  from benzene was u n s u c c e s s fu l  

and th e  m a te r ia l  was n o t f u r th e r  i n v e s t i g a t e d .

R e a ctio n  o f  5 ~ p d en y l-2 ,3 -th io p h en eq u in o n e  d ioxim e w ith  
benzaldehyde

A s o lu t io n  o f  0 .5  g .  ( 2 .2  mmoles) o f 5 “p h e n y l-2 ,3 -  

th io p h e n e q u in o n e -2 ,3 -d io x im e  was h e a te d  a t  100° w ith  5 m l.
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( 0 .0 5  m o les) o f benzaldehyde f o r  tw enty  fo u r  h o u r s . Hie 

r e a c t io n  m ixture was d is s o lv e d  in  II4. m l. o f e th e r  and e x tr a c te d  

w ith  two 20 m l. p o r t io n s  o f  sodium hyd rox id e s o lu t io n  and 

35 ml* d i s t i l l e d  w a te r . The b a s ic  s o lu t io n  was a c id i f i e d  

and e x tr a c te d  w ith  e th e r .  E vap oration  o f  th e  e th e r  l e f t  

an o r a n g e -y e llo w , o i l y  s o l i d .  T h is was d is s o lv e d  in  20 m l. 

o f  e th e r  and to  t h i s  s o lu t io n  was added 100 m l. o f  p etro leu m  

e th e r  P b .p . I4.O-6 0 0 ) .  A y e llo w  p r e c ip i t a t e  was form ed which  

w eighed  O.OI4. g . ,  m .p .  1 0 2 -1 2 5 ° ,  n e g a t i v e  f e r r i c  c h l o r i d e  

t e s t .  The d ie t h y l  e th e r -p e tr o le u m  e th e r  s o lu t io n  was ev a ­

p o ra ted  to  d r y n e ss . T his o p e r a tio n  y ie ld e d  on ly  a n e g l ig ib le  

q u a n tity  o f  s o l i d .

The o r ig in a l  e th e r  s o lu t io n  co n ta in e d  the non -base  

s o lu b le  p r o d u c ts . A fte r  e v a p o r a tio n  o f  the e th e r  the ben­

za ld eh yd e was removed by d i s t i l l a t i o n  under reduced p r e s s u r e .  

The r e s id u a l  red  o i l  was d is s o lv e d  in  e th e r  and e x tr a c te d  

w ith  b ase to  remove any b en zo ic  a c id .  E vap oration  o f  the  

e th e r  y ie ld e d  0 .2 8  g . o f  an impure s o l i d .  F urther p u r i f i ­

c a t io n  was attem p ted  by chrom atography. The produ ct was 

washed through an l8xi|. column o f a c t iv a te d  alum ina w ith  

1 1 .  o f  carbon t e t r a c h lo r id e ,  th en  a f r a c t io n  was c o l l e c t e d  

w ith  O.lq l i t e r  o f  carbon t e t r a c h lo r id e  and f i n a l l y  w ith  1

1 .  o f  b en zen e . These f r a c t io n s  y ie ld e d  0 .0 8  g .  o f  y e llo w  

n e e d le s ,  m .p . 91 - 116°; 0 .0 3  g . o f  c o lo r le s s  p la t e s  w ith  red  

co n ta m in a tio n , m .p . 116 - 126° ,  and a q u a n tity  o f  o i l y  r e s id u e ,  

r e s p e c t iv e ly .  The f i r s t  produ ct was r e c r y s t a l l i z e d  from  

e th a n o l ,  m .p . 92 - 93° ,  m ixed m e lt in g  p o in t  w ith  p h en y lcyan o-  

i s o x a z o le  from steam  d i s t i l l a t i o n  o f  5 - p h e n y l-2 , 3 - th io p h e n e - . 

quinone dioxim e showed no d e p r e s s io n . The second  s o l i d  was
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r e c r y s t a l l i z e d  from p etro leu m  e th e r ,  m .p . ,  12lp-125° .

C leavage o f  -p h e n y l-2 ,3 - th iop h en eq u in  one dioxim e w ith  p y ru v ic  
a c id

A m ixture o f 1 g . o f  d io x im e, (I4..5 m m ole), 1 .5  m l.

(0 .0 1 7  m ole) o f  p y ru v ic  a c id ,  15 m l. o f  %Q% a c e t i c  a c id ,  w ater  

and 1 1 .0  m l. o f g l a c i a l  a c e t i c  a c id  was r e f lu x e d  f o r  fo u r  

h o u r s . A c o lo r le s s  g ra n u la r  s o l i d  ( 0 .0 8  g . ) was i s o la t e d  

w hich ig n i t e d  w ith  th e  c h a r a c t e r i s t i c  odor and c o lo r  o f  

burn ing s u l f u r .  Two hundred m l. o f  io e -w a te r  was added to  

th e  f i l t r a t e ,  and a red  s o l i d ,  w e ig h t G.ij.6 g . ,  m .p . 65-75°>  

was i s o l a t e d ,  and r e c r y s t a l l i z e d  from  p etro leu m  e t h e r ,  m .p . 

9 1 -9 2 ° .

Pheny 1 th  i  ophene

P h en y lth iop h en e was prepared  by th e  d eh yd rogen ation

o f  e y e lo h e x e n y lth io p h e n e . The cy c lo h e x en y lth io p h e n e  was
*prepared  by anoth er in v e s t ig a t o r  in  t h i s  la b o r a to r y  from  

th e  r e a c t io n  of th ienylm agnesium  bromide and cy c lo h ex a n o n e .

The t e r t ia r y  a lc o h o l  th u s form ed was dehyd rated  by d i s t i l l a t i o n ,  

b .p .  128-130° (13 m m .). A s t i r r e d  m ixture o f  I 39 g . (O.8 5  m ole) 

o f  c y c lo h e x e n y l th io p h e n e , I4.30 g .  ( 1 .7 5  m o les) o f c h lo r a n i l  

and s u f f i c i e n t  benzene to  make a t o t a l  volume o f  1 .3  l i t e r s  

was r e f lu x e d  f o r  tw e lv e  h o u r s . The benzene s o lu t io n  was r e ­

moved from  the te tra ch lo ro h y d ro q u in o n e  by f i l t r a t i o n ,  washed  

w ith  b a s e , washed w ith  w ater and th en  d r ie d  over ca lc iu m  

c h lo r id e .  A fte r  rem oval o f  th e  ca le iu m  c h lo r id e  and benzene  

th e  p h en y lth iop h en e  was d i s t i l l e d  a t  red uced  p r e s s u r e , b .p .  

9 5 -1 0 5 ° (1 -2  m m .). R e d i s t i l l a t i o n  o f  the p rod u ct gave a p a le  

y e llo w  l i q u i d ,  b .p .  109-110° (ij. m m .). The crude y i e l d  o f

We are in d eb ted  to  Mr. R. P alchak  f o r  t h i s  m a te r ia l .
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p h en y lth iop h en e  was 88 g .  (6 5 $ )•

A second s im ila r  run was h e a te d  fo r  tw enty  h o u r s .

The produ ct was d i s t i l l e d  and y ie ld e d  78 g .  ( 87$) o f  a 

c o lo r le s s  s o l id  re se m b lin g  n a p h th a len e , b .p .  96 - 107° (1*5 mm.), 

m .p. 3 5 * 0 -3 7 .0 ° ^ 9 ^.

1 -P h e n y lb u te n e -l

To 1 .1  mole o f  phenylm agnesium  bromide a t 0° 

was added a s o lu t io n  o f  72 g* ( 1 .0  m ole) o f n -b u tera ld eh y d e  

in  75 ml* anhydrous e th e r  a t a r a te  s u f f i c i e n t  to  cause  

v ig o ro u s  r e fT u x in g . The a d d it io n  took  fo u r te e n  m in u te s ,  

a f t e r  w hich the r e a c t io n  sto o d  a t room tem perature f o r  fo u r  

h ou rs and was then  r e f lu x e d  fo r  two h o u r s . The f l a s k  was 

c o o le d  e x te r n a l ly  w ith  ic e  and w ater and 50 g .  o f  ammonium 

c h lo r id e  in  150 m l. o f  w ater was added dropw ise to  th e  s t ir r e d  

s o lu t io n .  The e th e r  was decan ted  from the g e la t in o u s  r e s id u e ,  

the r e s id u e  was washed w ith  100 m l. p o r t io n s  o f e th e r  and th e se  

were com bined. The e th e r  was f l a s h - d i s t i l l e d  from  th e e a r -  

b in o l  and th e  c a r b in o l was c o l l e c t e d  in  a 300 m l. f l a s k  equipped  

w ith  a s id e  arm fo r  vacuum d i s t i l l a t i o n .  To t h i s  was added 

ij.0 g .  (0 .3 3  m oles) o f  85$ p h osp h oric  a c id .  The f l a s k  was 

p la c e d  under an 18 in ch  packed f r a c t io n a t in g  eoluran and the  

product was d i s t i l l e d  a t reduced  p r e ssu re  under a n itr o g e n
„  , 17

atm osphere. A fo r e -r u n  was c o l l e c t e d  a t 27 (6 m m .), n^ *=
30

1 .5 5 7 5  (brom obenzene, n^ = 1.5601}.). The ph en ylbu ten e d i s ­

t i l l e d  a t 6 7 -69° (5 mm.); n*? = 1 . 53% . ( L i t .^ 8 0  ̂ n*7 = 1*5381;

b .p .  7 1 -7 2 °  (8 mm.)) The y i e l d  was I4.6 g .  (3 5 $ ) .

(79 ) C. P . A lle n  and S . C on verse , Organic S y n th e s is ,  C o l l .  V o l. 1 , 
John W iley and S on s, I n c . ,  New York, 1932 , ( 1 s t  e d . ) ,  p .  221 .

(80) J .  Levy and M. Drobeitzka-G -om blnska, B u ll .  S o c . Chim.
Prance ij^, 1769  (1 9 3 1 ) .
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In another run th e  produ ct from  I l 8 g .  (0 .7 9  m ole) 

o f p rop y lp h en y l c a r b in o l and IpO g . o f  8$% p h osp h oric  a e id  

was s im i la r ly  f r a c t i o n a l ly  d i s t i l l e d  a t a h ig h e r  tem perature  

and th e  y i e l d  was 89 g .  (8 7 /0 ,  b .p .  9l|-0 (32 m m .). There was 

w ater in  t h i s  p o r t io n  and i t  was th e r e fo r e  d r ie d  over c a l ­

cium c h lo r id e  fo r  two days and th en  r e f r a c t io n a te d ,  b .p .

9ij.-950 (32 mm.). The y i e l d  was 70 g .  (66%),

The r e a c t io n  o f ph en ylbu ten e and s u lfu r

a . To a s t i r r e d  s o lu t io n  o f $00  g .  (15*6 g ,  atom s) 

o f  m olten  s u lfu r  a t 3li-0 ° was added 63 g . ( 0 . i |_77 m ole) o f  

1 -p h e n y lb u te n e - l d r o p w is e ^ ^ .  The f l a s k  was equipped fo r  

vacuum d i s t i l l a t i o n ,  a p r e ssu r e  o f on ly  270-330  mm. was 

m ain ta in ed  du rin g  the r e a c t io n  and $ 6 , 0  g .  o f  a l i g h t  orange 

- c o lo r e d  l iq u id  was c o l l e c t e d .  By f r a c t io n a t io n  in  a 2x50 cm. 

column packed w ith  t r i p l e  tu rn  h e l i c e s  t h i s  was sep a ra ted  

in to  39 g« o f a fo re ru n  o f  u n rea cted  o l e f i n ,  b .p .  h5 ”J4-8 °

(2  ram.), 1 .7 5  g» a f r a c t io n  c o n ta in in g  p h en y lth io p h en e , 

b .p .  14.8—80° (2 ram.), and a dark brown r e s id u e . The second  

p o r t io n  was r e c r y s t a l l i z e d  from  85$ e th a n o l and y ie ld e d  

I . 2I4. g .  cf c o lo r le s s  n e e d le s ,  m .p . 3£ - 38 ° .

b . A m ixture o f 101 g .  (0.7& 5 m ole) o f  1 -p h e n y lb u te n e - l  

and 7 0 .5  g* ( 2 .2  g .  atom s) of s u lfu r  was h e a te d  betw een  

1 95-200° fo r  t h ir t e e n  h o u r s ^ ^ .  T h is was th en  d i s t i l l e d

a t red uced  p r e s s u r e . The f i r s t  f r a c t io n  w eighed li|.»30 g . ,

b .p .  lj.7° (3  mm.) and th e  second f r a c t io n  w eighed 9»90  g . ,
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b .p .  80 -1 2 0 ° (3 rom»). R e d i s t i l l a t i o n  o f the second f r a c t io n  

gave 5*0  g .  ( l f .2$>) o f  p h en y lth iop h en e  as a c o lo r l e s s  s o l i d ,

b .p .  9 6 - 98 ° (2  m m .), m .p . 36 - 38° •

5 -P h en y l-2 -h y d ro x y th io p h en e

In to  a l l .  f l a s k  equipped w ith  a m ech an ica l s t i r r e r ,  

Dry Ice  condenser and a dropping fu n n e l w ith  a n itr o g e n  i n l e t  

tube was p la c e d  2 .2 2  g .  ( 0 .3 2  g .  atom) o f  f r e s h ly  washed 

(e th e r )  sh e e t  l ith iu m  cut in to  sm a ll p ie c e s  and 150 m l. o f  

anhydrous e t h e r .  A n itr o g e n  atm osphere was m a in ta in ed .

T h ir ty  m i l l i l i t e r s  o f a s o lu t io n  o f  2 0 .6  g .  (1 .5  m o les) o f  

n -b u ty l  bromide in  150  m l. o f  anhydrous e th e r  was added at 

one tim e to  th e  s t i r r e d  l ith iu m  and r e a c t io n  was i n i t i a t e d  

by h e a t in g  th e  f l a s k  m om entarily  w ith  a w ater bath  h e a ted  

to  85° • T h is was r e p la c e d  by an i c e  and w ater b ath  and th e  

rem ainder o f  the b u ty l  bromide was added a t  a r a te  such as 

t o  m a in ta in  r e f lu x in g .  The c lou d y  s o lu t io n  was s t i r r e d  fo r  

an a d d it io n a l  t h i r t y  m in u te s .

I t  was assumed th a t  th e  y i e l d  o f b u ty l l i th iu m  was 

S0?5<81>.

To the b u ty ll i th iu m  s o lu t io n  was added a l l  a t one 

tim e a s o lu t io n  o f  1 2 .8  g . ( 0 .0 8  m ole) o f  2-p h en y lth io p h en e  

in  iqO m l. o f  e th e r  and butane was e v o lv e d . The y e llo w -  

c o lo r e d  s o lu t io n  was s t i r r e d  a t  room tem perature fo r  an

( 8 l )  R. G. Jones and H. G ilm an, O rganic R e a c t io n s , V o l. V I, 
John W iley and S on s, I n c . ,  New York, 1951# P* 353•

P r iv a te  com m unication; ex p er im en ta l as d ev e lo p ed  by 
R obert J .  P . P a lch a k , U n iv e r s ity  o f C in c in n a t i .
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a d d it io n a l  t h i r t y  m in u te s .

The f la s k  was e o o le d  t o  below  -5 0 °  in  a Dry Ic e -a c e to n e  

b a th . The condenser was r e p la c e d  w ith  an a lc o h o l therm om eter 

whose bu lb  was below  th e  su r fa c e  o f th e  e th e r  w h ile  th e  

dropping fu n n e l was r e p la c e d  w ith  a 1 cm. d iam eter gas  

i n l e t  tube whose end a ls o  was p la c e d  in t o  th e  l i q u i d .  T h is  

tube was con n ected  t o  an oxygen su pp ly  through a l l .  e r -  

lenm eyer tra p  and a la r g e  mercury T t r a p . A fter  200 m l. 

o f e th e r  c o n ta in in g  0 .2 5  mole o f cyclohexylm agnesium  

bromide was added to  the r e a c t io n  m ixture oxygen was 

bubbled as r a p id ly  as p o s s ib le  in to  t h i s  s t i r r e d  s o lu t io n  

a t  - 5 0 ° .  When th e  a b so rp tio n  was com plete the oxygen  

would e i t h e r  fo r c e  i t s  way out o f  a f l a s k  o u t l e t ,  or through  

th e  mercury trap  and th e  f l a s k  was th en  stop p ered  and 

s to r e d  a t  0° f o r  tw enty  fo u r  h o u r s .

The r e a c t io n  product was a c id i f i e d  w ith  c o ld  d i lu t e  

h y d r o c h lo r ic  a c id  and th e  e th e r  was sep a ra ted  and e x tr a c te d  

w ith  %% sodium h yd roxid e s o lu t io n .  The b a s ic  s o lu t io n  was 

in  tu rn  a c id i f i e d  w ith  d i l u t e ,  c o ld  h y d r o c h lo r ic  a c id ,  and 

e x tr a c te d  w ith  e th e r  Which was d r ie d  over D r ie r i t e  fo r  

two h ou rs and th en  removed by d i s t i l l a t i o n  a t  reduced  

p r e ssu re  under an atm osphere o f n i t r o g e n . The s o l i d  

b la c k  r e s id u e  was r e c r y s t a l l i z e d  from p etro leu m  e th e r  

(b .p .  i|.0-60Q) to  y i e l d  Ip * 2 g .  (30^) o f  l ig h t  brow n-grey  

p l a t e s ,  m .p . 8lp-850 .
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N itr o s a t io n  o f  5 -pheny 1 -  2 -h y  droxyth iop hene

a . To a s o lu t io n  o f 0 .7 3  g» Ci+ • 1 mmoles) o f 5>_p:h.enyl-2 

-hyd roxyth iop hene (m .p. 66-76-°) 30 m l. o f  e th a n o l was

added a s o lu t io n  o f 0.6-3 g« ( 6 .2  mmoles) o f  sodium n i t r i t e  

in  1 0  m l. o f  w ater and 1 0  m l. o f  e th a n o l .  The s o lu t io n  

was s t i r r e d  by hand f o r  about t h i r t y  secon d s and th en  poured  

w ith  s t i r r i n g  in to  e x c e s s  c o ld ,  d i lu t e  h y d r o c h lo r ic  a c id .

The sky b lu e -c o lo r e d  produ ct was e x tr a c te d  w ith  th r e e  100 m l. 

p o r t io n s  o f  e th er  w hich was washed w ith  sodium carb onate  

s o lu t io n ,  f i l t e r e d  from  a b la c k  p r e c ip i t a t e  and d r ie d  over

D r ie r i t e .  Removal o f  the d e s ic c a n t  and s o lv e n t  l e f t  0.6-1 g .

o f  a r e d  s o l i d  from  which 0 .3 1  g .  o f a b la c k  s o l i d  was

e x tr a c te d  w ith  500 m l. o f b o i l in g  e th a n o l. The f i r s t

b la ck  p r e c ip i t a t e  w eighed 0.16- g . , m .p . 265°; r e c r y s t a l l i ­

z a t io n  from d ioxan e gave g r e e n -b la e k  n e e d le s ,  m .p . 310 - 313° •  

T his was s im ila r  to  a compound i s o la t e d  fo r  the f i r s t  tim e  

by o th er  w ork ers^ " ^  in  our la b o r a to r y  as an o x id a t io n  

by-p rod u ct in  r e a c t io n s  in v o lv in g  5“P h en y l-2 -h y d ro x y th io p h en e . 

They found t h i s  compound to  g iv e  g r ee n -b la c k  n e e d le s  from  

d io x a n e , m .p. 303 -3 0 6 ° and a n a ly s is  showed i t  to  have the  

c o r r e c t  e m p ir ic a l form ula  fo r  th e  th io in d ig o  d im er.

A nal. O alcd . f o r  CSoH130aS8 : C, 6 9 .0 ;  H, 3*65 $»

Found: C, 6 8 . 5 , 6 8 .8 ;  H, 3 * 3 , 3*3; S , 1 8 .6 ,  1 8 .6

(P ittsb u r g h )

The sodium carb onate s o lu t io n  was a c id i f i e d  w ith  

i c e d ,  c o n cen tra ted  h y d r o c h lo r ic  a c id  and e x tr a c te d  w ith
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th r e e  JO m l. p o r t io n s  of e th e r .  The e th e r  was removed and 

th e  r e s id u e  was vacuum d r ie d . A dark o i l y  s o l id  w eigh in g  

0 .3 0  g . rem ained. T h is was r e c r y s t a l l i z e d  from 200 m l. o f  

e th a n o l and a sm a ll amount o f Darco was u sed  t o  d e c o lo r iz e  

the p r o d u ct. The s o lu t io n  was c o n cen tra ted  n e a r ly  t o  

d ryn ess b e fo re  p r e c ip i t a t io n  o ccu rred . The product, a 

t r a c t  o f y e llo w  s o l i d ,  was ex trem ely  s o lu b le  in  d ioxan e  

and b en zen e, and was r e c r y s t a l l i z e d  from  p etro leu m  e th e r  

( b .p .  70- 9 0 ° ) ,  y e llo w  gran u lar  c r y s t a l s ,  m .p . I 96 - I 9 8 0 .

The u l t r a v i o l e t  spectrum  of t h i s  compound was determ ined  

w ith  the rem ain ing 2 .1  mg. o f s o l i d ,  ^ m ax 285 * y « -(lo g £  3*28) 

~Xmax 380 ( l o g f  3 .7 0 ) ,  ^ mln 333 ( l o g e  3 .2 8 ) .

b . One gram (5*7 mmoles) o f 5 “Pk©hyl“2-hyd roxy th iop h en e  

was d is s o lv e d  in  50  m l. o f w ater by adding th e  n e c e ssa r y  

amount o f  $% sodium  hyd roxid e s o lu t io n .  One gram of  

sodium n i t r i t e  (O.OII4.5 m ole) was added and the s o lu t io n  

was s lo w ly  run in t o  an ic e d ,  s t i r r e d  s o lu t io n  o f 6 N h y ­

d r o c h lo r ic  a c id . About a m inute a f t e r  th e  i n i t i a l  a d d it io n  

a f lo c c u le n t  b lu e  p r e c ip i t a t e  appeared . The m ixture was 

s t i r r e d  f o r  f i v e  m inu tes and th en  e x tr a c te d  w ith  e th e r  

w hich was in  tu rn  e x tr a c te d  w ith  b a s e . The base upon 

a c i d i f i c a t i o n ,  gave a tu r b id  s o lu t io n  which was e x tr a c te d  

w ith  e th e r  and ev a p o r a tio n  o f th e  e th e r  l e f t  a tr a c e  of  

brown r e s in o u s  m a te r ia l .  Most o f the m a te r ia l  p r e c ip i t a t e d  

as a b lu e -b la c k  s o l i d  in  th e  o r ig in a l  e th e r  e x t r a c t .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



c .  The s o lu t io n  of 5 -p h e n y l-2 -hyd roxyth iop hene in  

e th e r  o b ta in ed  in  the l a s t  i s o l a t i o n  s te p  o f th e  s y n th e s is  

o f t h i s  compound from  1 2 .8  g . o f  p h en y lth iop h en e  was c o o le d  

to  0° in  an ic e  b a th . In to  t h i s  s t i r r e d  s o lu t io n  were 

bubbled th e  n itr o g e n  o x id e s  e v o lv e d  by dropping c o n c en tr a ted  

h y d r o c h lo r ic  a c id  on 63 g . o f  sodium n i t r i t e .  The g a se s  

were d r ie d  by p a ss in g  them through a tube o f D r i e r i t e .  A 

c o n s id e r a b le  amount o f  green  dimer form ed. The s o lu t io n  

was e x tr a c te d  w ith  e th e r  and the e th e r  was d r ie d  w ith  

D r i e r i t e .  Removal o f the d e s ie c a n t  and th e  e th e r  y ie ld e d  

O0I4.7 g* o f  a red  o i l .  A fter  the o i l  was tr e a te d  w ith  

Darco in  b o i l in g  e th a n o l ,  a ttem p ts to  o b ta in  c r y s t a l s  by 

a lt e r n a te  c o n c e n tr a t io n  and c o o lin g  o f th e  s o lu t io n  f a i l e d  

and f i n a l l y  a red  o i l  was r e o b ta in e d  on t o t a l  rem oval o f  

th e  e th a n o l .  We a ls o  f a i l e d  t o  c r y s t a l l i z e  t h i s  o i l  from  

p etro leu m  e th e r  ( b .p . ,  7 0 -9 0 ° ) .

d . I s o a m y ln itr ite  (Ij. m l . ,  0 .0 3  m ole) in  dry e th e r  

was added dropw ise over a p e r io d  o f  one hour to  an i c e -  

c o ld , s t i r r e d  s o lu t io n  o f  1 .5  g .  (8 .5  mmoles) o f 5 “Phenyl 

- 2 -h yd roxyth iop h en e in  500 m l. o f  dry e th e r .  Dry hydrogen  

c h lo r id e  was p a ssed  in  s im u lta n e o u s ly  and an atm osphere

o f  n itr o g e n  was m ain ta in ed  th rou gh ou t. S t ir r in g  and th e  

f lo w  of hydrogen c h lo r id e  were con tin u ed  fo r  an a d d it io n a l  

h a l f  hour by which tim e th e r e  had form ed 0 *l*.l g .  o f  d im er. 

There was i s o la t e d  from  th e  e th e r  0 .3 0  g . o f a brown, 

b a s e -s o lu b le  t a r ,  And 0 .5 5  g* o f  a b a s e - in s o lu b le  t a r .
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13 .̂

N e ith er  o f th e se  y ie ld e d  t o  a ttem p ts to  c r y s t a l l i z e  them 

from th e u su a l o rgan ic  s o lv e n t s .

I n v e s t ig a t io n  o f th e  d eg ra d a tio n  p ro d u cts  o f  th e  dioxim e

A s o lu t io n  o f  0 .1  g .  (0*59 mmoles) o f 5 ~ cy a n o -3 -p h en y l-  

i s o x a z o le  was r e f lu x e d  f o r  fo u r  h ou rs in  a m ixture o f  5 m l. 

o f  w a te r , 5 m l. o f  co n c en tr a ted  s u l f u r ic  a c id ,  and 0 .5  g . 

o f sodium c h l o r i d e . The p rod u ct was d is s o lv e d  in  

base and r e p r e c ip ita t e d  w ith  a c id  and i t  was r e c r y s t a l l i z e d  

from  t h i s  s o lu t io n  and then  tw ice  r e c r y s t a l l i z e d  from  

d i s t i l l e d  w a te r , c o lo r l e s s  n e e d le s ,  m .p . 176*5-177*8° •

( L i t .  m .p . f o r  5 -e a r b o x y -p h e n y liso x a z o le  i s  177-178°

A n al. C a lcd . f o r  G10H7N08 : C, 6 3 *5; H, 3*7; N, 7 .If.

Pound: C, 6 3 . 6 ; H, 3*9; N, 8 .1  (Schw arzkopf)

O ne-ten th  o f  a gram (0 .0 5 9  mmole) o f 5"cy&no“3 

-p h e n y lis o x a z o le  was s t i r r e d  in  10 m l. o f co n c en tr a ted  

h y d r o c h lo r ic  a c id  o v ern ig h t . The p ro d u ct, which was 

n ot s o lu b le  in  b a s e , w eighed  0 .0 8  g .  and was r e c r y s t a l l i z e d  

from ch loroform  t o  g iv e  v ery  sm a ll c o lo r le s s  n e e d le s ,  m .p . 

2 0 3 .0 -2 0 3 * 5 ° .

A nal. C alcd . f o r  Clo Hs Na0s : C, 6 3 . 8 ; H, lj.,2; N, lip . 8

Pound: C, 6 3 . 6 j H, Ip. 1; N, l ip . l  (Schw arzkopf)

The 5"°82’b o x a m id e -3 -p h en y liso x a zo le  was r e f lu x e d  

in  20 m l. o f  h y d r o c h lo r ic  a c id  f o r  th r e e  h o u r s . The

(82) R eferen ce  6 6 , p .  205•
( 8 3 ) A* Q u ilic o  and 0 .  S p e r o n i, G-azz. chim . i t a l .  j[6 , I 6I4. (19if.6).
(81).) R eferen ce  1 6 , p .  597*
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p rod u ct was o b ta in ed  on c o o lin g  as c o lo r le s s  c r y s t a l s ,  m e lt in g  

p o in t  178 - 1790 • The m ixed m e lt in g  p o in t  w ith  th e  s u l f u r ic  

a c id  produ ct occu rred  a t  178- 179°*

S p ec tra

The fo l lo w in g  u l t r a v i o l e t  a b so rp tio n  s p e c tr a , n o t

p r e v io u s ly  d e sc r ib e d  in  th e  e x p er im en ta l s e c t io n ,  were

m easured on a Beckmann DU sp ec tro p h o to m eter . We are in ­
's*deb ted  to  Mr. Jack D elaney f o r  th e  m easurem ents o f the  

e th a n o l ic  s o lu t io n s  o f  5 “p h e n y l-3 -h yd roxyth iop h en e and 

5 -p h en y l-3 -m eth o x y th io p h en e . A l l  d e ter m in a tio n s  were 

made o f  e th a n o l s o lu t io n s  u n le s s  o th erw ise  n o te d .

5~ P h en y l-3 -h yd roxyth iop h en e  in  ch loroform  (p . 1 7 , I )

T h is m a te r ia l was r e c r y s t a l l i z e d  from  p etro lsu m  

e th e r  ( b .p . ,  ^ 0 -6 0 ° ) ,  271  ( lo g *  k ^ 9 ) t \ iax

335 m  ( lo g *  3 * 8 6 ) , / \ mln 308 m* ( lo g *  3 * 6 8 ).

5 -P h en y l-3 -h y d ro x y th io p h en e  (p . 1 7 , I I )

T h is m a te r ia l  was r e c r y s t a l l i z e d  from  p etro leu m  

e th e r  ( b . p . ,  t|0 - 60° ) , 262 m* ( lo g *  i|-.0 5 ) ,  Xmax 300  n^c

( lo g *  3 * 9 7 ) ,  ^min 23I4. ( lo g £  3 . 7 6 ) ,  ^ min 380  nj* ( lo g *  3 . 9 1 ) .

5 -P h en y l-3 -m eth oxy th iop h en e  (p . 1 7 , I I I )

The e th e r  had a b o i l in g  p o in t  o f  139~lif-0° (3 mm.),

-3*H ilto n -D a v is  Company, C in c in n a t i ,  O hio.
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136 .

^max 260 ^  (lo6* k'Ok) » \ ax 298 (loge 3*98), \ in 280 nv» 
(log® 3 .86) .

5-*P henyl-2,3*-th iophenequinone dioxim e (p . 5 6 a , I )

The compound was r e c r y s t a l l i z e d  from benzene and

had a m e lt in g  p o in t  o f 126 .^ - 1 2 6 ,8 ° ,  A  aja ( l o g e  ,
i s !  S I X

~ \min 226 m>m(log* 3 * 7 7 ) .

5 ~ P h en y l-2 ,3 -th io p h e n e q u in o n e-2 -o x im e  (p . 5 6 a , I I )

The monoxime was r e c r y s t a l l i z e d  from  e th a n o l and had  

a m e lt in g  p o in t  o f  2 1 i|~ 2 l6 0 , / \  236 (loge* 3 * 98 ) ,
T S I S t X

Anax *9* ( l 0 &£ ^*1 9 ) ,  k-07 ( lo g  €• 3 . 8 3 ) ,  5 \ in  223

( lo g *  3 * 9 1 ) ,  \ ± n  272. m/t ( l o g  *  3*75)» 388 - ( l o g » 3 . 8 0 ) ,

* \ n f l  ^ 3  m * ( l o g *  3 * 8 6 ) .

2 ,5**D ip h en y l-th ien o [l4 .,5 -b ]oxazo le  (p . 5 6 a , I I I )

T h is compound had a m e lt in g  p o in t  o f 1 7 6 .2 - 1 7 6 .8 ° ,

Araax 22^ *** (1 °6 *  3 * 9 8 ) ,  338 rtyc {lo g  «  I*. 5 3 ) ,  230

( l o g *  3 * 9 5 ) ,  272 m* ( lo g #  3*55)*
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