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ANNOTATED BIBLIOGRAPHY OF o( -FURILDIOXIME 

~ h a r l e s  V. Banks and Joseph Po LaPlante 

In t roduc t ion  

This annotated bibl iography of t h e  p repara t ion  and use  

of alpha-furildioxdmehas been prepared as a re fe rence  f o r  ana- 

l y t i c a l  research .  The authors  of t h i s  bibl iography hope 

t h a t ,  it w i l l  be of s e r v i c e  t o  those engaged i n  a n a l y t i c a l  r e -  

search  and t h a t  f u r t h e r  work on t h e  uses  of the  vic-dioximes - 
, i n  a n a l y t i c a l  'chemistry may be s t imula ted  by t h e  a v a i l a b i l i t y  

of t h i s  ' reference .  
4 1  0 

c' 

The references  contained herei 'n d e a l  f o r  t h e  most p a r t  4 
with the  preparation"8nd use  of a lpha-fur i ldioxime.  I n  addf t f sn ,  

k 

' 
t h e  p repara t ions  of f u r o i n  and f u r +  have, been inc luded,  The 

re fe rences  have been l i s t e d  chronologica l ly  and a r e  numbered . 

1. Fisher ,  E., "Rrfura ldehyde ,  " Ber. a, 1334-1340 
(1880) [J. - - Chem. - Soc . , 387798-799, (1880 I]. 

Furoin, C~~0°CHOH@0~@4H30,  was prepared by 

b o i l i n g  40 p a r t s  of 2 - f u r f u r a l  with 30 of e thanol ,  

80 of water and 4 p a r t s  of potassium cyanide f o r  



three-quar ters  of an hour, The crystal l ine.mass,which 
, 

deposited on cooling was washed with water, then with 

ethanol  and d r i ed .  It was obtained as near ly  color-  

less c r y s t a l s  by p rec ip i t a t i ng  with ethanol from a + 

h o t  toluene so lu t ion .  The c r y s t a l s ,  %.pa 1 3 5 O ,  are 

so lub le  i n  hot  water and ' to luene,  It dissolved f r e e l y  

i n  aqueous o r  e thanol ie  so lu t ions  of soda, f o r m i w ' a  '. 

deep red so lu t ion .  When a rapid cur ren t  of a i r  pas;pAssed 

through the  solut ion,  oxidat ion took place, the  co lor  

changed, and c r y s t a l s  of fiuril ,  C4H30-COCOoC4H30, 

were deposi ted . Upon recrys t a l l i ~ a t i o ~  from ethanol,  

f u r i l  w a s  obtained i n  golden needles, m.p. 162'. 

F u r i l  w a s  so luble  i n  chloroform and hot  ethanol ,  

2. ~ i s c h e r ,  E., "Furfural ,"  Ann.; 211, 214-232 ( ~ 8 8 2 )  
1'. -- Chem. Soc., 42, W - 5 0 T l - 1 8 8 2 ) ~  - 

Furoin w a s  prepared by heat ing 2 - h r f u r a l  wfth 

. potassium cyanide i n  the  presence of ethanol .  A 

reddish c r y s t a l l i n e  mass w a s  obtained, which can be 

pu r i f i ed  by d i s t i l l i n g  i n  a ,ca rbon  dioxide atmosphere 

and c r y s t a l l i z i n g  from toluene and ethanol .  Furofn 

forms s lender  c r y s t a l s ,  mop. 135~,  which a r e  s l i q h t l y  



s o l u b l e , i n  hot  water and e ther ,  and soluble i n  warm L 

ethanol and toluene. It was s l i g h t l y  ac id ic ,  d issolving 

i n  a l k a l i  t o  form an in tense ly  dark colored solut ion,  

having two absorption bands, one between the  C and 

D l i n e s ,  and the o ther  between the  D and E l i n e s .  

F u r i l  was obtained by dissolving fu ro in  i n  the  

l e a s t  possible quant i ty  of soda and passing through 
, .- ,. 

the  so lu t ion  a rapid stream of a i r .  Fu r i l  pre- 
' 7 \" 

c i p i t a t e s  i n  the  form of golden-yellow c r y s t a l s ,  

mop. 162O, which may be washed w i t h  water and re- 

c rys t a l l i zed  frombethanol. It w a s  s l i g h t l y  soluble  

i n  cold ethanol and ether, '  and very soluble  i n  water. 

1t can be oxidized by dry  a i r  t o  f u r i l i c  ac id ,  w i t h  ' 

the  probable composition of C ( O H ) ( C ~ H ~ O ) ~ ~ C O O H .  

30 Macnair, ,D. S., "Derivatives of Furoin and Fur i l ,  If 
3. Chem. Soc . , 58, 1245-1246 (1890). - - -  

This paper gives the preparat ion of deoxy- 

furoin ,  C4H30 CO. CH2 ~ j & ~ 0 ~  furilphenylhydrazone, 

C 4 ~ 3 0  .CO .C ( N ~ H P ~ ) .  C4H30; furilphenylosazone, 

C 4 ~ 3 0 e ~ ( ~ 2 ~ ~ h ) . ~ ( ~ 2 ~ ~ h ) . C 4 ~ 3 0 ;  alpha-furiloxime, 

C10H7N04; and alpha-furildioxime, C10H8N204. 



* 

Alpha-furildioxime can be prepared by treating 

furil with an excess of hydroxylamine hydrochloride in 

ethanol at ordinary temperatures, Recrystallization 

from hot water gave colorless needles containing 1 

mole of water, IL. l v ~ t  tile watcr of uryratal l izat .Jnn 

at 100". and the anhydrous substanee meltcd at 166- 

168'. - It was very soluble in ethanol and ether, but 

only slightly soluble in benzene, light petroleum, 

and water. The beta-furildioxime was obtained when" ' 

anhydrous alpha-furildioxime was heated with ethanol 

a t  150-160~. It melted at 188-190' with partial de- ' 

composition. 

4. Tschugaev, L, "A Method for Determining the Configuration 
of 4 -Dioximes, Ber,, 41, 1678-1684 (1908) 
-- Chem. Soc., s, 55n190q; &, A, 2 2385 ( 

The fact, that of the various stereoisomerides 

of an alpha-dioxime, the syl-modiffcatfon alone yields 

complex metallic dioxime, was utilized for determining 

the configuration of dioxfmes, Stierl.inls alpha- 

anisildioxime, - Ber., =, 376-383 (1889)~ Hoffmannl s 
alpha-cuxninildioxime, - Ber., 23, 2064-2066 (1890)~ 



and alpha-furildioxime, m.p. 166-168O, were $bus 
shown to possess the syn-configuration, while Werner 

and Block! s two stereoibomeric 2,2 -dichlorobenzildioxime, 
', 

Ber., 2, 1975-1985 (1899), which do not form colored - 
complex metallic derivatives, must be amphi and antf- 

modifications. 

A n  interesting illustration of the method was 
# 

given by Boeris! stereoisomeric methylanisylglyoxaldioxime~ 

Gazz. chim ital., 23, ii, 165-194 (1894). The modi- - -- - 
fication, m.p. 125', obtained by Angelits method of 

reducing the corresponding peroxide, was probably 

the amphi-dioxime which does not react with metals 

to form complexes. By heating, it was transformed 

into an isomeride, m.p. 200°, which does yield a 

complex and has the syn-configuration, although 

Angeli1s researches on purely aromatic peroxides " 

show that the amphf-dioximes obtained by reduction 

are convented into anti-dioximes by heat. An ex-' 

planation was offered of the abnormal behavior of 

the preceding aliphatic aromatic dioxime. The nickel 

and the ferrodipyridine complexes of alpha-anisildioxime 

and of alpha-furildioxime were briefly described, 



I- 

5 *  Soule, Be A., "Alpha-furildioxime as a Reagent f o r  the  De- 
t e c t i o n  and Determination of Nickel, "J. b. Chem. Soc,, a, 981 (1925) r ~ r i t  Chem. - -  A b , ,  A, 6P3,(19'm A., 19, - - 
1548(1925 1 1  

In  the pi*epa~a t ion  of alpha-fi~rl . ldf  oxlmeme , fu r -  

fusgl was convePted In to  fu ro in  and t h l s  i n  t u r n  In to  

f u r i l  by E. F i scher f  s method. Fu r i l  w a s  converted 

i n t o  alpha-furildioxime without pur i f i ,ca t ion,  by re-  

f luxing with hydroxylamine hydrochloride i n  the  

presence of methanol, The product was contaminated 

with a small amount of furiloxime. The product can 

be r e c r y s t a l l f  zed from ethanol .  The co lor less  c r y s t a l s  

appeared t o  e f f lo re sce  while drying, leaving a white, 

powdery residue, which softened and decomposed a t  

168O. The alpha-furildioxime, when used f o r  ana ly t i ca l  

purposes, was dissolved i n  hot  water t o  make a 2%' 

so lu t ion  o r  i n  w a r m  ethanol  ' to  make a 10$ o r  15% 

so lu t ion .  

~ x ~ e r i m e n t s  were made t o  determine the  l e a i t  

amount of n icke l  t h a t  could.be detected,  the  test, 

depending:' upon the  formation of a p r e c i p i t a t e .  This 
11 

6 w a s  found t o  be one p a r t  in 6 x 10 p a r t s  of solut ion.  



The method was as follows: .To 25 m l .  of d i l u t e  n i c k e l  

s o l u t i o n  (1 : 6 x 1 0 ~ )  i n  a t e s t  tube were added 2 m l .  

of ammonfa water (1 : 4 )  and 0 , l  m l .  of a 1 0 s  e thano l i e  

s o l u t i o n  of a lpha-fur i ldioxime . The tube was stoppered 

and shaken vigorously .for 30 seconds. Immediate f i l -  

t r a t i o n  l e f t  a d i s t i n c t  red  p r e c i p i t a t e  on t h e  f i l t e r  

paper.  There w a s  an upper and lower concent ra t fon  f o r  

maximum p r e c i p i t a t i o n .  

S e n s i t i v i t i e s  of Dioximes t o  Nickel 

Reagent 

Dimethylglyoxime 

Rat io  M @ ; .  per  do 
- 

1 : 400,000 0,0025 

Qua l i t a t ive  t e s t s  were performed by adding a 

few drops of t h e  reagent  t o  a fa i ' n t ly  a m o n i c a l  s o l u t i o n  

of the substance t o  be t e s t e d .  No p r e c i p i t a t e  o r  

c o l o r  change w a s  observed i n  t h e  case  of ammoniq- 
L 

s i l v e r ,  -copper, o r  -z inc .  .Ammonia-cobaltous s o l u t i o n s  

darkened i n  c o l o r .  T h e ' r e s u l t s  with manganese were 

negat ive .  1 r o n ( I I I ) ,  chromium, o r  aluminum gave no 
I 

v i s i b l e  a c t i o n  when t e s t e d  i n  ammonical s o l u t i o n &  conta in ing  



/ 

c i t r a t e  o r  t a r t r a t e .  Iron(111) i n  an  ammonical s o l u t i o n  

con ta in ing  l e s d  than  1 p a r t  i n  3,000,000 gave a . 

green i sh  c o l o r .  .. ,. 

Large amounts' of\arnrnonio-cobaltous i o n  i n t e r -  

f e rence  were prevented by ox ida t ion  of t h e  c o b a l t  with 

hydrogau p c r a x i d ~  , ' When 1 a.sge amounts of manganic 

hydroxide a r e  p resen t ,  perform the  t e s t s  i n  the  presence 

of a c e t i c  a c i d  and sodium a c e t a t e .  This modif icat ion 

a l s o  gave good r e s u l t s  i n  the  presence of c o b a l t  

.and z inc .  

Chosinsky obtained r e s u l t s  corresponding t o  - 
11.85% of n i c k e l  f o r  the  formula, ( C 2 0 ~ 1 4 ~ 4 0 6 ) ~ i ,  

whereas t h e  c a l c u l a t e d  value i s  11.81%. , P r e c i p i t a t i o n  

was q u a n t i t a t i v e  from s o l u t i o n s  conta in ing  up t o  
-. 

about 65% of e thano l .  With h igher  concent ra t ions  

the' s o l u b i l i t y  increased  and t h e  p r e c i p i t a t e  formed 

w a s  c r y s t a l l i n e ,  

A known volume of s tandard  n i c k e l  so lu t ion ,  

corresponding t o  about 0.02 g ,  of n i c k e l  was taken 

f o r  a n a l y s i s .  Each sample was d i l u t e d  w i t h  100 m l .  

of water,  t h e  d e s i r e d  sa l t  o r  a c i d  was added, followed 

by~ammonia u n t i l  a f a i n t  odor of ammonia was p e r c e p t i b l e .  



I n  some cases an excess of the  reagent was next slowly 

added during s t i r r i n g ,  i n  o ther  t e s t s ,  preliminary 

heat ing t o  various temperatures was t r i e d .  A n  amorphous 

red p r e c i p i t a t e  was obtained upon in t roduct ion of 

the  reagent,  The so lu t ion  was ag i ta ted ,  f i l t e r e d  

and washed withwrm water. The paper with contents ,  
. . 

was t rans fe r red  t o  a beaker and t r ea t ed  with 1:l 
. 

n i t r i c  ac id .  The p r e c i p i t a t e  dissolved and the  paper 

pulp was removed by f i l t r a t i o n .  The f i l t r a t e  was 

evaporated, a f t e r  the add i t ion  of concentrated su l -  

f u r i c  ac id .  m e  residue was d i lu ted ,  amde ammonical 

and e lec t rolyzed,  It w a s  found t h a t  so lu t ions  varying 

from dark red .through yellow t o  v i o l e t  could.be 

e lec t rolyzed with no apparent d i f f i c u l t y  o r  d i f fe rence  

r e s u l t s .  Quanti tat ive separa t ion of n ickel  from 

chloride,  su l f a t e ,  n i t r a t e ,  and iron(111) i n  the  

presence of c i t r a t e ,  t a r t r a t e ,  pyrophosphate, and 

c i t r i c  ac id  was achieved, The use of alpha-furildioxime 

f o r  the  separa t ion of n ickel  from manganese, zinc 

o r  c ~ b a l t  offered no spec ia l  advantage.over 2,3- 

butanedionedioxime (dimethylglyoxime ). 

. ~ e t e r m i n a t i o n  of n ickel  i n  s t e e l :  To a so lu t ion  



of 0.7 g. o f  s t e e l .  i n  50 ml. of 1 :2 n i t r i c  ac id  was 

added 5 ml. of HC1 .  The so lu t ion  was d i lu t ed  w i t h  

200 m l .  of water and heated almost t o  bo i l ing .  

Then 6 g. of c i t r i c  acid dissolved i n  15 ml. of - ,  

water wae added, foll,nwed by 34 m l .  of ammonium hy- 

droxide, whioh brought t h e  t o t a l  volume up t o  300 

-ml . 'and gave the  proper a l k a l i n i t y .  Alpha-furildioxime 

was added u n t i l  p r ec ip i t a t i on  was complete. The 
'. 

p r e c i p f t a t e  was d r i ed  a t  120-130°, and weighed. 

A s  a check the  p r e c i p i t a t e  was ign i ted  t o  nickelous - 
oxide. Burning took place q u i e t l y  between 250-300~. 

After the  oxide had been weighed, i t  was converted 

t o  the  s u l f a t e  and e lect rolyzed.  When c i t r a t e  o r  

t a r t r a t e  was. used t o  prevent the  p rec ip i t a t i on  of 
1- .l 

i ron,  the& was a danger of .b6ntaGinating the  pre- 

c i p i t a t e  with iron(11) alpha-dioxlme. ' This may be 

prevented by f i l t e r i n g  wfthin one-half hour o r  by 

use of sodium gyrophosphate. 

I n  quan t i t a t fve  work the  p r e c i p i t a t e  of n ickel  

alpha-f 'urildioxine may be weighed dl,reo t l y ,  ign i ted  

t o  nickelous oxide, o r  dissolved and the  nickel  

determined by e l e c t r o l y s i s  o r  cyanide t i t r a t i o n .  

Ferrous i r o n  w a s  the  only common metal ion t h a t  gave 



a p r e c i p i t a t e  with the  reagent.  The ammonia- 

cobaltous ion must be oxidized t o  prevent it from 

in t e r f e r ing .  

6. Ogburn, S. C., "A Qual i ta t ive  Separation of the Platinum ' 

' Metals," 3 .  Am. Chem. Soc., 48, 2507 (1926) 
LC. A * ,  a, 36637192655f 

- 
- - 

* 
This paper gave the  procedure f o r  the separa t ion 

of palladium, platinum, rhodium, ruthenium, i r id ium 

and osmium. 

The method f o r  the  separa t ion of platinum from 
-.. 

palladium, rhodium, ruthenlium, i r id ium and osmium 

is  given-here .  The so lu t ion  containing the  metal- ions 

was t rea ted  with a 2% ethanoi ic  so lu t ion  of alpha- 

furi ldioxime and a quant i ty  of &had01 equivalent  t 6  

1 0 s  of the  t o t a l  volume and boiled f o r  30 minutes. 
. " 

The mixture w a s  f i l t e r e d  while hot  under s l i g h t  

suc t ion ,  After complete p rec ip i t a t i on  of the  platinum 
.,- w a s  a t t a ined ,  it b a s  then dr ied ,  c a r e f ~ 1 . i ~  igni ted ,  

first i n  a i r ,  then i n  hdyrogen, cooled and the  

meta l l ic  platinum thus formed w a s  weighed. 



7. Nisbet, H. B., "The Reduction of Nitro-@om ounds by 
Aromatic Ketols, " +. ghem. m., 19&, 3121-3124 
[c. - - A., a, 2428 (1929)]. 

I n  t h i s  paper i t  was s t a t e d  t h a t  benzofn and 

i t s  homologs i n  hot  e thanol ic  so lu t ion  under the  

inf luence of a t r a c e  of sodium ethoxide reduoed n i t r o -  
t 

groups t o  azoxy-g~oupe, no matter what pos i t ion  these 

groups occupied i n  the  benzene ring. In many case3 

it was found impossible t o  i s o l a t e  the  azoxy-compound, 

but  i n  every case examined i t  w a s  possible t o  separa te  

the  diketone and thus prove t h a t  the  nitro-group 

oxidized the  ke to l -and  a t  the  same tfme suffered 

reductfbn. This reac t ion  was u t i l i z e d  i n  the  new*' 

prepara t ion of f u r i l  by oxidat ion of the  corresponding 

ketol  with nitrobenzene, The azoxybenzene could not 

be I so la ted  i n  the  redu.ction of nftrobenzene by means'- 

of benzoin, anisoin,  o r  furoin,  but by using an 

excess of the  oxidizing agent It was found poss ible  

t o  u t i l i z e  the  react ion a s  a method of preparing 

a n i s f l  and f u r i l  i n  80% and 90% yie lds  respect fvely ,  
I 

The rr~etllbd -for  the prepa.ration of f u r i l  is; 
I 

a so lu t ion  of the  ke to l  ( 5  g , )  and nftrobenzene 

( 4  g . )  i n  50 ml, of ethanol containing 2 m l ,  of 6% 

e thanol ic  sodium e thoxide was boiled unde'r re f  lux  



f o r  2-3 minutes and then allowed t o  c o o l . .  The 

diketone which separa ted  was r e c r y s t a l l i z e d  from e thano l .  

The method gave 4 g. of a n i s i l ,  mope '  1 3 3 O ,  and 4.7 

g.  of f u r i l ,  mop. 162'. 

8. Corson, B. B., and McAllister,  "Oxidation of Benzoins t o  
Diketones with Iodine,  " - J. & C em. me, 51. 
2822-2825 (1929) [C. - - A., 3, 4944 "T 1 9 2 9 ) l o  

Benzoin, an i so in ,  p ipero in ,  and f u r o i n  a r e  

e a s i l y  oxfdized t o  t h e  corresponding d ike tones .  The 

d ike tones  were oxidized with iod ine ,  Gomberg and 

Bachmann, J. Chem. S x . ,  49, 2584 (1927)~ proposed 

a  mechanism f o r  the  r e a c t i o n  which involved t h e  r e -  

moval of sodium from the  d i e n o l i c  sa l t .  Another 

mechanism c i t e d  was ~ e i s e n h e i m e r ,  Ber., 2, 874 - 
(1905); cf, Garmen,' - - -  Am. @hem. J,, 32, 583 (1904).  - 

Ten of f u r o i n  were d isso lved  i n  225 m l ,  
a .  

of b o i l i n g  methanol and t o  t h e  b o i l i n g  s o l u t i o n  w a s  

added a ho t ,  f r e s h l y  prepared s o l u t i o n  of sodium 

methylate xnade by d i s s o l v i n g  2 , 5  g. (105% of t h e  

c a l c u l a t e d  amount, assuming t h e  product t o  be a 

disodium d e r i v a t i v e  of d i e n o l )  of sodium i n  50 m l .  

of pure methanol. To the  b o i l i n g  s o l u t i o n  was added, 
I 



i n  th ree  por t ions ,  14  g, (106%) of iodine.  The f i n a l  

co lo r  of the  so lu t ion  was brown. When'the heat  was 

removed, f u r i l  immediately began t o  c r y s t a l l i z e .  a 

The mixture w a s  allowed t o  cool t o  room temperature 

and f i l t e r e d .  A small add i t iona l  yieJd was obtained by 

c o n e e n ~ l ' a t l r l ~  t l i t  mother rsolut.ion, The t o t a l  y i e ld  w a s  

8 g., 80$, m . p .  164-165'. The bes t  solvent  f o r  re-'  

c r y s t a l l i z i n g  f u r i l  was benzene: When bromine was 

subs t i t u t ed  f o r  iodiAe, there  was a  r e su l t an t  drop 
\ 

i n  the  y i e ld  of 20% t o  30s. 

The p u r i t y  of the crude product depends upon 'L 8 

. Q 
the  qualitjr 'mbf- the  2-furfu>al.  Thb crude furo in  

I r 

(dark brown)- w i s  a i r  d r ied  and then allowed t o  stand 

f o r  twelve hours i n  e the r .  It was f i l t e r e d  and then 

soaked i n  f r e s h  e t h e r  fo; a second twelve .hour period 

and again f i l t e r e d .  The e t h e r  removed the  black 

t a r .  The fu ro in  w a s  dissolved in,  bo i l ing  ethanol 

(150 g. per  500 m l ,  of ethan.01) and prec ip i ta ted  by 

slowly pouring the  hot  ethanol so lu t ion  i n t o  5 volumes 

of water with rapid s t i r r i n g .  The s o l i d  was f i l t e r e d ,  

dissolved i n  ethanol and prec ip i ta ted  again with water. 

The f i n a l  product was of a  l i g h t  t a n  co lor  and the  

supernatant aqueous ethanol.from whdch i t  separated 



was c l e a r  and red. &re fu ro in  has a melting point  of 

9. Gr i so l le t ,  H., and Servigne; M., "Principle Organic 
Reagents used i n  Inorganic Chemistry," Ann. chim, ana l .  

321-331. (1930) [C. A . , m  ;261 
- 

- - - 

The uses of cupferron, benzidine, dicyandiamidine, 
% 

ni t rop,  dimethylglyoxime, sodium nitroso-2,3,6- 

naphtholdfsulfonate, alpha-benzil  dioxime, benzoyl- 

, methylglyoxime-, alpha-furfldioxime and ozalene- 

diuramedoxime a r e  out l ined i n  t h i s  ins ta l lment .  

10,  Hartmen, W. W., and Dickey, J. B., "The Preparation of 
Fu r i l , "  J. Am. Chem. S$cC0.,: 55, 1228-1229 (1933) 
[c. A.,  27,T88*9337. 

- 
- - - 

The furo in  used was prepared i n  s l i g h t l y  i m -  - 

proved y i e ld s  by a modification of the  method of 

Fischer.  In  a 2 2 - l i t e r  f l a s k  f i t t e d  with a mechanical 

s t i r r e r ,  an S-tube with a dropping funnel and an 

inverted Liebig condenser, were pladed 8 l i t e r s  

of water, 4 kg, (41~65 moles) of f r e sh ly  d i s t i l l e d  

fu r fu ra l ,  and 3 l i t e r s  of 958 of e thanol ,  The re-  



ac t ion  mixture w a s  then heated t o  boi l ing and the  flame 

w a s  removed. When the  solut fon had J u s t  ceased t o  

bo i l ,  a so lu t ion  containing 200 g. (3.07 moles) of 

potassium cyanide dissolved i n  600 m l ,  of water w a s  

added with s t i r ~ i n g  as rap id ly  as the vignr of the  

react f  on would pernllt . The reaot ion mixture w a s  boeled 

f o r  twenty f i v e  minutes. The a lka l ine  so lu t ion  w a s  

made ac id i c  t o  1i tmus.with g l a c i a l  ace t i c  ac id  and ' 

placed i n  a cool place t o  a r y s t a l l i z e .  The r e su l t i ng  

mass of dark-colored t a r r y  c r y s t a l s  w a s  f i l t e r e d  on 

a  l a rge  d c h n e r  funnel, washed with cold water, then 

with cold methanol t o  remove a s  much t a r  as poss ible ,  

The res idue w a s  r ec rys t a l l i zed  from methanol using 

200 g. of Nori t ,  The f u r i l  separated as l i g h t -  

brown needles melting a t  134-135'. The y ie ld  of - '-!' 

pur i f i ed  mater ia l  w a s  1500 go, 37. 5$0 

I n  a 1 - l i t e r  round-bottomed f l a s k  f i t t e d  w i t h  

a mechanical s t i r r e r  was placed 158 g. -(0.63 mole) of 

powdered copper s u l f a t e  ( C U S O ~ O ~ Q O ) ,  210 g ,  of 

pyridine, b  .p. 109-1.18'~ and 90 g .  of water. The 
.I 

s t i r r e r  w a s  s t a r t e d  and the  mixture w a s  heated on 

a water bath u n t i l  so lu t ion  was af fec ted .  To the  



so lu t ion  was added 57.6 g. (0.3 mole) o f . f u r o i n ,  

m.p. 134-135'. After  a sho r t  time the  co lor  of 

the react ion mixture changed from a deep blue co lor  

t o  a deep green with a brownish t inge .  S t i r r i n g  and 

heat ing were continued f o r  two hours and the  reac t ion  

mixture was poured i n t o  1 l i t e r  ofcold water, f i l t e r e d  , 

,on a Gchner  funnel, and washed k i t h  500 ml. of cold 

methanol and r ec rys t a l l i zed  from methanol using 25 - 

g. of Norit .  The yellow c r y s t a l s  obtained melted a t  

165-166'. The y i e ld  of the  pur i f i ed  mater ia l  was 

35.9 g., 63s. F'uril can be ~ e c r y s t a l l i z e d  s a t i s f a c t o r i l y  
1 .  

from benzene. If des i red ,  the  reac t ion  mixture can 

be cooled and f u r i l  removed by f i l t r a t i o n ,  The so lu t ion  .. .. 
1 ,  ' 

w a s  react ivated by passing oxygen i n t o  it. 

11. Si rcar ,  A.  G . ,  and Guha, S. C., "Condensation of Fu r f l  

F u r i l  condenses w i t h  aldehydes' i n  the  presence 

of ammonium hydroxide t o  form iminazoles, but no oxazoles 

could be i so l a t ed  though the  condensations were e f fec ted  

a t  d i f f e r e n t  temperatures and pressures,  Condensations 

of f u r i l  and various substances a r e  l i s t e d ,  



12.  Diehl, H., "The Applications of the  Dioximes t o  Analytical 
Chemistry, " The G. Frederick Smith Chemical Co. 
(1940) [cO - - n o ,  - 35, 1728 ( 1 9 4 1 ) 1 0  

The synthes is  of alpha-furildioxime involved 

th ree  atepa, the  condensation of f u r f u r a l  t o  fu ro in  

by the  benzoin COndensaLlon, the oxidat ion of , 
9 

fu ro in  to .  f u r i l  by air ,  and the  oxfmation of f u r i l  ' 

t o  i t s  dioxime. Commercial f u r f u r a l  can be used: as 

the  s t a r t i n g  mater ia l  without preliminary pu r i f i ca t i on ,  
I 

Reflux a mixture of X .O mole of fu r fu ra l ,  1.5 

moles of methanol, 6,0 moles of water and 0012 molg 

of sodium cyanide f o r  30 t o  &I minutes, Cool, f i l t e r  

and wash the  p r e c i p i t a t e  of fu ro in  which was then 

used i n  the  next s t e p  wi thout , fu r ther  pu r i f i ca t i on .  
. . -  .t 

The y i e ld  was 25%. 

Dissolve the fu ro in  i n  d i l u t e  ethanol containing 

s u f f i c i e n t  sodium hydroxide t o  e f f e c t  so lu t ion .  Cool 

t o  0' and bubbie a i r  through the solution.. The yi6ld  

wae good, 

Reflux a mixture of the  crude f u r l l ,  which should 

melt above 160°, and hydroxylamine hydrochloride dissolved 

i n  methanol f o r  5 t o  6 hours. F i l t e r  off  the  l i g h t  , ' 



* 

brown crystal-so The y i e ld  was 85%. Recrysta l l ize  

the  product from water and then from ethanol.  The ' 

product w a s  a  co lor less  c r y s t a l l i n e  mater ia l  which 

eff loresced giving a  white powder on drying, and which 

softened and decomposkd a t  168'. 

As l i t t l e  a s  1. p a r t  of n ickel  i n  6,000,000 

p a r t s  of water y i e ld s  a  p r e c i p i t a t e  which may be d i s -  

t i n c t l y  seen a f t e r  f i l t e r i n g  the  so lu t ion  on paper. 

The concentrat ion of ammonium hydroxide was important 
f 

i n  t h i s  t e s t ,  there  being an upper and a lower lidt ' 

f o r  m a x i m  prec ip i ta t ion .  S i lver ,  oopper, and zinc 

i n '  ammoniacal solut fons  gave n.0 co lo r  with the  re-  

agent ,  Cobalt i n  ammoniacal so lu t ion  gave a dark . 

eolora t ion.  iron( 111), aluminum, and chromium i n  

ammonlacal so lu t ions  containing c i t r a t e  o r  t a r t r a t e  

gave no reaiit ion, Small amounts of n ickel  i n  the  

presence of l a rge  amounts of coba l t  were df f f i c u l t  

t o  de tec t ,  but  oxidation of the  coba l t  before carrying 

out  the  t e s t  e4iminates t h i s  d iakf icu l ty .  . 

The precipiliatfon of n ickel  by alpha-furildioxfme 

was complete from weakly amoniaca l  so lu t ions  of 

pure nickel  salts and from those containing, addi t ion 



t o  n ickel ,  l a r g e  amounts of ammonium chloride,  ammonium 

s u l f a t e ,  ammonium n i t r a t e ,  ammonium c i t r a t e ,  ammonium 

t a r t r a t e  o r  sodium pyrophosphate, The separa t ion of 

n icke l  from zinc, cobalt ,  manganese, and l a rge  amounts 

of I ron  a r e  quan t i t a t i ve .  The nickel  i n  the  p rec ip i t a t e  
I 

may be determined e i t h e r  by weighing the  p r e c i p i t a t e  
I ' 

i t s e l f  a f t e r  drying, by ign i t i on  t o  the  oxidg, o r  . . ' 4. 

by the  cyanide- t i t r a t i o n  method. 

130 Klein, B,, "The Oxidation of ~ c y l o i n s ,  " 6, &, Chem. &go, 
63, 14-74-1475 ( i941)  [c A,, 35, 4370 (1941 17. . - - - - 

It @as found i n  the  presence of excess ammonium 

n i t r a t e ,  a t  the  temperature of bo i l ing  a g l a c i a l  a c e t i c  

ac id  t h a t  acyloins  i n  general can be oxidized, 

RCH(OH)COR RCOCOR 

The above equations were1 substant ia ted  by the 
I 

following observations. (a ) ,  There w a s  a copious 

evolut ion of a  co lor less ,  odorless,  neu t ra l  gas 

insoluble  i n  water, immediately upon mixing the  

reac tan t s .  No gas was evolved when the  rea,ctants' 

a r e  heated independently i n  bo i l ing  g l a c i a l  ace t i c  



ac id .  ( b ) ,  Neither lophine nor amarone was produced. 

Hence, i n  the  course of the react ion no ammonium 

ace t a t e  was formed by metathesis i n  any appreciable 

quant i ty .  Ammonium n i t r a t e  a c t s  merely i n  the capaci ty  

of a mild oxidizing agent, and can be used t o  oxidize 

s ens i t i ve  alpha-hydroxy ketones t o  diketones. 

I n  the  preparat ion of f u r i l ,  1.1 g. of furoin,  

m.p. 1 3 5 O ,  was dissolved i n  10  m l .  of bo i l ing  ace t i c  

ac'id, 3.2 g. of ammonium n l t r a t e  was added i n  small 

port ions as the  reac t ion  was extremely vi'gorous. 

When the  evolut ion of gas ceased, the so lu t ion  was 

gent ly  refluxed f o r  two hours. The so lu t ion  was 
.A 

evaporated t o  dryness under diminished pressure.  

The dry  mater ia l  was thoroughly ext racted with butanol 

and the solvent  evaporated t o  dryness under diminished 

pressure,  The residue w a s  c r y s t a l l i z e d  from 

methanol (2  m l . )  and then from 80% a c e t i c  ac id;  

y ie ld ,  0.5 g .  of pa le  yellow needles melting a t  160'. 

The preparat ions of o ther  diketones were a l s o  l i s t e d .  

14. Reed, s.. A., Banks, C. V., and Diehl, H., "The Preparation 
12, 792-793 



A 5-1- f l a s k  equipped with a Soxhlet ex t r ac to r  

w a s  charged with 3.2 1. of methanol and 208.5 g o  
I 

of hydroxylamine hydrochloride and the  ex t r ac to r -  

with 190 g. of pure f u r i l .  F u r i l  w a s  slowly extracted 

with methanol i n t o - t h e  f l a s k ,  The methaaol w a s  then 

concentrated t o  about 500-800 m l ,  under reduced 

pressure, not  over 35', and poured inLu 600 'ml. 
I 

of water a t  go0.. m e  mixture was boiled 10-15 

minutes with Norit  previously ext racted w i t h  hot  

'hydrochloric ac id .  On coolf ng, alpha-furildioxiEi&- 

c r y s t a l l i z e d ,  Upon r e c r y s t a l l i z a t i o n  a 54-6s yield" 

of pure alpha-furildioxime monohydrate, mop. 

84-50 was obtained, The melting point  of anhydrous, 

alpha-furildioxime was 166-,168". ' 

15. Feigl ,  F., and Feigl ,  H. E., "On the  React iv i ty  of Inner 
Complex-bonded Palladium. A new S ~ e c i f i c  Test f o r  
cyakides i n  Alkaline solutions,." i n a l  Chim, A@ta, 
3, 300-309 (1949) [ g o  A.3 2, ,98956 (1949)_70 - 

The inner-complex'sal ts  of palladium and various - 
dioximes do not  en t e r  i n t o  oxidation-~"eduetforl ra-' 

ac t ions  w i t h  carbon monoxide, e i t h e r  i n  the  s o l i d  o r  

the molecularly dispersed s t a t e s ,  Also a method f o r  

the determination of cyanide w a s  given, 



6 Weiss, M., and Appel, M.,  "Catalyt ic  Oxidation of Benzoin 
t o  Benzil J. Am. Chem. Soc 70, 3666-3669 (1948) 
r c .  - - A . ,  &, 7368 ( I ' ~ I T "  

I n  experiments with 636 'g . crude benzoin, 300 g. 

of ammonium n i t r a t e ,  6 g. of \copper  ace ta te ,  and 

2100 ml. of 80% a c e t i c  acid,  the  y i e ld  of benzfl . 
was go$, fu ro in  gl$, and an i so in  97$, Benzoin @an 

be determined i n  a benzil  mixture by the  c a t a l y t i c  
'1 

cleavage of the  benzi l  by sodium cyanide, 

17. Brernner, G. M., Jones, D, G., and Imperial Chemical Indus t r ies  
Ltd., "Fur i l , "  B r i t . ,  Pat.  605,021, (July 14, 19481, 
c .  - . , - 43, 6 9 ' r n 9 4 9 7 7 .  

Furoin i n  an i n e r t ,  nonalkaline solvent ,  w a s  

oxidized c a t a l y t i c a l l y  with oxygen t o  f u r i l ,  Thus, 

10  g, of crude furoin,  100 ml. o r  a c e t i c  acid,  and 

0.1 g.  of csbaltous ace t a t e  a r e  blown with a f r  30 

minutes a t  loo0; on cooling, f u r i l  p rec ip i ta ted  

and w a s  f i l t e r e d  o f f .  An addi t iona l  amount of f u r i l  

was obtained by adding 200 m l .  of water t o  the  f i l t r a t e .  

Total of f u r i l  was 6.7 g. When 10 g o  of re- 
c r y s t a l l i z e d  fu ro in  and 1 g. cobaltous ace t a t e  i f i  a c e t i c  

ac id  a r e  blown with a i r  40. minutes a t  95O, the  y'ield 

of f u r i l  was 8 , 0  g .  The melting point  w a s  159-160°, 

. -. . 



18. Nazarova, L. M., and Syrkin, Y o  KO, "Dipole Moments of 
Compounds of the  m r a n  Groups, I' Izves t , Akad , , .Nauk 
s.s.s.a., . , 35-4F3FT9)'n0-:8.- 
43, 4913 (1949)_7. - 

Measurements by the  heterodyne method i n  benzene 
18 so lu t ion  a t  25' gave thedipole moment u ( x  10 ) 

f o r  f u r i l  14.2800, 0.7140, 253.1 (48.6), 3.15, 

and the  d ipo les  moments of o ther  furan'compour~ds 
. . 

were a l s o  given. 

19.  Reed, S. A.,  and Banks, C.  V., "Determination of 
Palladium and Nickel with Alpha-Furildioxime, " 
m. bcadt. Scio, 5-275 (1948) C. A,, 
44, 973 (1950); B r i t .  Chem. Ab., C . ,  229 1 9 5 0 1 ,  - , - - -  - f 

Alpha-furildioxime was found t o  be more s ens i t i ve  

f o r  n ickel  o r  palladium than d i m e t h y l g l y ~ x i m e ~  Under 

the  optimum condit ions 1 mg, of n ickel  can be e a s i l y  

detected i n  6 l i t e r s  of an aqueous so lu t ion  and 1 mg. 

of palladium i n  20 l i t e r s  of an aqueoua ~ o l u t i o n .  

One can separa te  palladium from' n ickel ,  platinum, 
% .  

i ron,  cobal t ,  and many other  metals with a s ing l e  

p rec ip i t a t i on  from s t rong mineral ' so lu t ion ,  

The palladium alpha-furildioxlme p~ ;e@ip i t a t e  can 

be dr ied  and weighed o r  it can be fkni ted  t o  the  metal. 



Alpha-furildioxime p r e c i p i t a t e d  n i c k e l  q u a n t i t a t i v e l y .  

Composition of t h e  n icke l  complex v a r i e s  with t h e  pH 

of the  s o l u t i o n  from which it was p r e c i p i t a t e d ,  

20. Rigby, W . ,  " ~ e w  Reagent f o r  t h e  Oxidation f o r  Acyloins of 
Diketones, " Je UEBL %., E, 793-795 (1951) 
[ c .  - - A . ,  45, 8977 (1951 )J. 

A y i e l d  of 88% of f u r i l  was'  obtained by us ing  

2.4 g. of furo in ,  2.4 g .  of bismuth t r i o x i d e ,  8 m l .  

of a c e t i c  aoid,  and 24 m l  . of .:ethylene g lyco l  mono 

e t h y l  e t h e r ,  when placed on a water ba th  f o r  3/4 

of an hour. The y i e l d  was-88% when 5.1 g .  of furoifi,  

5.1 g. of bismuth t r i o x i d e ,  30 m l .  a c e t i c  ac id ,  and 

15 m l .  of water,  were placed on a water  ba th  f o r  10  

minutes. undi lu ted  a c e t i c  a c i d  a t  80-5' gave 79% 

of a n  i n f e r i o r  product and a t  100' t h e  i n i t i a l  product 
rl 

w a s  bronze colored .  Various o t h e r  compounds were 

l i s t e d  which do and do no t  r e a o t  wi th  bismuth t r ioxide.  

21. Pallaud, R. ,  "Dioxime and Monoximes of t h e  ~ - ~ i k e t o n e s  
as Analyt ical  Reagents, I' Chim, a n a l . ,  B, 239-244 
(1951) [G. no, 5 8934 (1951)_7, 

The p r o p e r t i e s  and uses  of t h e  fol lowing oximes 

were' descr ibed,  dimethylglyoxime, gamma-benzildioxime, 



furfuryldioxirne,, alpha-benaildioxime, benzylmethylgly- 

oxime, benzoylmethylglyoxime, phenylglyoxime, cyclo- 

hexanedione, oxalenediamidoxime, oxalenediuramidoxime, 

diacetylmonoxime, and isatine-beta-oxime. 
I 

22. Gahler, A. R., Mitchell, A. M., and Mellon, q. G., 
"Colorimetric Determination of Nickel with Alpha- 
Flr~*ildisximc, " Anal. Chem., =, 500-503 ( l ' m  
[c. - A. '15, 556575351777 

Niokel was determined colorimetrically by forming 

the nickel alpha-furildioxime complex, which was 

extracted with l,2-dichlorobenzene. The transmittance 

of the extracted yellow-colored complex was measured 

at 438 mA0 After .solution of sample, a suitable 

aliquot (20-75 m l . )  was taken. Then 5-10 m l .  of 

10% solution of tartrate, 5-10 m l .  of 

3 M acetic acid solution and sufficient 20% sodium 

hydroxide solution were added to adjust the pH to 

8 .o. In a separatory funnel, 10-15 m l .  of an 0.1% 

ethanolic solution of alpha-furildioxime was added, 

and the nickel complex was extracted with 5 m l ,  poSt"io'ns 

of acid-free 1,2-dichlorobenzene. Copper in small 

amounts was removed by shaking the extraction with 

5-10 m l .  of dilute ammonium hydroxide (1~50). 

The transmittance was measured and the amount of nickel 



was determined from a ca l ib ra t i on  curve, 

The ions t h a t  do not  i n t e r f e r e  with the  ex- 

t r a c t i o n  a r e  ace ta te ,  arsenate,  a r sen i t e ,  barium, 

benzoate, bromlde, cadmium, ealcium, chloride,  chlora te ,  

dichromate, f luor ide ,  formate, H s u l f i t e ,  iodate,  , , 

iodide, l a c t a t e ,  l i thium, magnesium, molybdate, 

n i t r a t e ,  oxalate,  orthoborate,  orthophosphate, per- 

sulfa;te, potassium, pyroborate., s a l i c y l a t e ,  se lenate ,  

sodium, strontium, su l f a t e ,  s n l f i t e ,  t a r t r a t e ,  th io-  

cyanate, th iosu l fa te ,  . tungstate,  and vanadate. 

Lead and uranyl ions  do not  i n t e r f e r e  although they 

form very s l i g h t  p rec ip i t a t e s .  Unless complexed 

these ions i n t e r f e r e ,  aluminum, antimony, beryllium, 

bismuth, -cerium, chlorostannate,  chloros tanni te ,  

chromate,, cobal t ,  copper, iron(11), fro.n(111), . L . 

manganese, mercury, thorium, ti tanium, zf nc, and 

zirconium. Gold, platinum, and palladium form yellow 

solut ions  with the reagents .  'Perchlorate, pyro- 

phosphate, cyanide, periodate,  su l f ide ,  and c i t r a t e  

prevent ex t rac t ion  of n ickel .  S i l i c a t e  i n  concen- 

t r a t i o n s  g rea t e r  than 100 m g .  i n t e r f e r e s .  Chloro-' 

form can be used i n  place of 1,2-dichlorobenzene 

f o r  ex t rac t ion ,  



2 3 .  Tsumaki, T., and Yamaguchi, M., "Pyrolysis of Inner Complex 
Sa l t s ,  " J. Chem Soc Ja an, z, 10-12 (1949) 
~ c .  - ,no, 5 ,  (195i& 

Pyrolysis  of various nickel  complexes was s tudied 

i n  an atmosphere of nitrogen. Nickel furfldioxime 

decomposed a t  270' y ie ld ing ammonia, 2-cyanofuran, 
I- 

and difuryr furazan, C4H3O C : NON: COC4H3, ldng$ prisms, 

. m.p. 62O, insoluble  i n  water, and soluble i n  ethanol ,  

e ther ,  benzene, petroleum e the r .  It was s t a b l e  a g a i n s t  

h o t , a l k a l i  and ac id .  It can e a s i l y  be steam-dist i l led.  - i  .:.! 

and sublimed. 

24. Holden, B., and Rigby, W , ,  "Bismuth-Catalyzed A i r -  
Oxidation of ~ c ~ l o i n s ,  .': J. Chem. ~oc:, 1951, 
1924-1925 [G. A. , 4iiY 936 ( 1 9 5 2 ) T  

The oxidation of acyloins i n  various solvents  

was c i t e d ,  The solvents  were ethylene glycol  mono 

e thy l  e t h e r  i n  a c e t i c  ac id ,  a c e t i c  ac id ,  25% of .e thy lene  

glycol  mono e thy l  e t h e r  i n  a c e t i c  acid,  and 25$ 
- 

of water i n  a c e t i c  ac id .  It w a s  found t h a t ' a l r  

was super io r  t o  oxygen, the  l a t t e r  l e d  t o  d i s -  
I 

co lora t ion  and by-products-. Oxygen did not increase 

the r a t e  of oxldatiurl. The yfe ldo  were lower than 

those f o r  the corresponding bismuth ace t a t e  oxidat ion. '  - 



t '. 25. Shinra, K , ,  and Ishikawa, K. ,  "Organic Analytical Reagent, 
I. w - F u r i l d i o x i m e , "  Lo Chem, &,, J a ~ a g ,  a; 
271-273 (1953) 1 2 -  A.9 3, 9848 (1953)J- 

- Alpha-furildioxime was synthesized f rgm'furoin  

through f u r i l .  The product contains the  anti-form and 

' another isomer i n  the  r a t i o  of 1;1. 

26. Shinra, K. ,  and Ishikawa K O ,  "Organic Analytical ~ e a ~ e n t s ,  " 
J. Chem. Soc . Japan, 74, 353-355 (1953) [g. 3, 
‘ z 0 3 r n 1 9 r n ~ ~  .- 

synthesized furi ldioxime consisted of equal amounts . 
of a lpha- (an t iband  gam- (amph i ) -  isomers. The 

anti-form reac t s  only with n ickel  t o  form an insoluble  

p rec ip i t a t e .  The newly i so l a t ed  beta-form has a 
# . .  - * -  _ 

1 
m.p. of 184-5°, The absorption spec t ra  of the  th ree  

- .  . ,\$ > - a 8  -..- " 
forms a r e  idaaAtic6il. ,. . . 

27. Peshkova, V. M,, *and Gal la i ,  Z ,  A., nAm~erometric T i t r a t i o n  

Various dioximes including alpha-furildioxime 

were t e s t ed  i n  the  amperometric t i t r a t i o n  of n ickel .  

Alpha-furildioxime was undesirable because the  pre- 

c i p i t a t e  it formed was slow t o  coagulate a t  room 

temperature. 



28. Peshkova, V. M e ,  and Gromova, M. I,, "Colorimetric 
Determination of Rhenium with the  use of Dioxfmes," 
vIki-LItnikMoskov.,.-., 2, No. u3 *. laz. =. f 
Estestveg.  Nauk No. I, 85-97 (1952) [L A., u, 
5301 (1953 1 1 .  

Rhenium formed colored compounds'with alpha- 

furi ldioxime I n  the presence of stannous chlor ide  i n  

s t rongly  aoid aolut ions  . Alpha-fi~ri I dioxime formed 

yellow-orange, orange, raspberry-red solut ions ,  

depending on the  qua l i t y  of the reagents .  The red 

compound was extracted 'wi th  organic solvents  (choro- 

form), m e  resul-ting so lu t ions  obeyed Beer s l a w  

and were appl icable  f o r  the  colorimetric  determination 

f o r  rhenium. Tests can be made i n  the presence of 

molybdenum. The maximum absorption was a t  533 m/zC. 

Alpha-furildioxime has the  g r e a t e s t  maximum absorption, 

the  ex t inc t ion  coe f f i c i en t  was 24,000. With t e s t  

so lu t ions  containing molybdenum, it w a s  necess'ary 

t o  add a similar.amount of molybdenum salts t o  s tandards 

o r  the  r e s u l t s  w i l l  be low, 

29, Cramer, F., "Occlusion Compounds, Basic Cata lys is  by 
Intramolecular Hollow Spaces, " Chem. Ber 86, 1576- 

48, 8005 ( 1 - ~ ] 7 ~ >  - - 1581 (1953) [g= h.9 - 
The hollow space of an occlusion compound (OC) 



was a space of high e lec t ron  dens i ty  and behaved 

i n  many respects  l i k e  an e lec t ron  donor. F'uroin was 

read i ly  oxidized i n  a lka l ine  solut ion,  but  i n  neu t ra l  

o r  ac id  media oxygen was consumed very slowly, 

When cyclodextr in w a s  added t o  a so lu t ion  of f i ~ r o i n ,  

pH = 10, enediol form increases,  absorption maximum 

s h i f t s  from 280 t o  308 m/(and the  oxidat ion ve loc i ty  

was insreased,  The reac t ion  ve loc i ty  increases 

2.1 times when the  pH was increased from 9 t o  10,25 

i n  the  presence of cyclodextr in and a t  pH 12 the reac t ion  

was very rapid.  Cyclodextrin can form (oC) i n  so lu t ions .  

30. Peshkova, V. M., "Effect of the  St ructure  of the  Oxime 
Molecule on the Propert ies  of i t s  Com ounds with Metals," 

Anal. Chem. USSR, 10, 77-83 (1955Ye 
J e - - - -  - 

Alpha-furildioxime, with conJugated bonds and 

oxygen i n  the  heterocycle,  gave a compound with nickel  

I n  the  pH range of 6.4-10.5. The values f o r  the  molar 
, 

ex t inc t ion  and d i s t r i b u t i o n  coe f f i c i en t  a r e  10,000 

and 47, respect ively ,  The unsymmetrical dioxfmes, . 

and alpha-furildioximes are ,  theref  ore,  of great -  

i n t e r e s t  f o r  colorimetry. The compound formed between 



alpha-furildioxime and bismuth has a considerably 

more in tense  co lor  than the  o ther  dioximes of bismuth, 

Lead alpha-furildioxime has a yellowish color .  Alpha- 

furi ldioxime i s  r e l a t ed  t o  the  unsaturated compounds 

f o r  which absorption i n  the longer wave bands i s  

c h a r a c t e r i s t i c ,  nickel  and copper der iva t ives  absorb' 

i n  the visible spec Lreuu~, P 

, 31. Menis, O,, and Rains, T. C. ,  "Colorimetric DeterminatSon' 
of ~al lad ' ium w i t h  Alpha-furildioxime," Anal. Chem., -- 
27, 1932 (1955). - 

A spectrophotometric method f o r  the  determination 

of microgram quan t i t i e s  of palladium with alpha- . 
furi ldioxime was developed, Palladium forms with the 

reagent i n  a 0 , l  t o  1.4 N hydrochloric ac id  medium, a 

yellow-colored complex which obeys Beer 's  l a w  a t  420 m&. 

The colored complex was read i ly  ex t rac tab le  i n t o  chloro- 

form, I n  which medium it adhered t o  Eker l s  law a t  

the  380 m~wavelength .  I n  the  aqueous phase, i n  the 

presence of 10% ethanol up t o  5 y of palladium per 

mi. of f i n a l  volume, the  colored complex was s t a b l e  

f b r  20 minutes, a f t e r  which time the  absorbance de- 

creased slowly, I n  the organic phase the  colored 

complkx was s t a b l e  f o r  a t  l e a s t  24 hours. This 

reagent was highly spec i f ic  f o r  palladium. Platinum 



group metals and gold do not i n t e r f e r e .  I n  the  presence 

of highly colored ions, ex t r ac t ion  with chloroform 

el iminates a l l  in ter ference,  except in te r fe rence  

of" cyanide ions, which prevent ' the  formation of the 

palladium alpha-furildioxfme complex. The method 

.was very sens i t i ve .  Concentrations a s  low as 0.1 

p.p.m. of palladium can be determined i n  5-cm. c e l l s .  

The precis ion a t  the  optimum spectrbphotometric range 

was within 1$, 

The yellow oomplex of palladium alpha-furildioxfme 

was formed by t r ans fe r r ing  59. O'Y of palladium ( a s  

palladium ch lor ide)  t o  a 25 ml , volumetric f l a sk ,  
1 

and adding successively 1 m l ,  of reagent so lu t ion  

of alpha-furildioxime, followed by d i l u t f o n  with a 

water t o  the ca l ib ra ted  &umeO The complex exh ib i t s  

an absorption peak a t  420 m A ,  when measured aga ins t  

a reagent blank solut ion.  - 
The yellow complex of palladium alpha-furildioxime 

was formed by t r ans fe r r ing  74.0 V of palladium ( a s  
1 

palladium ch lor ide)  t o  a 30-ml . separatory funnel, 

and adding successively 1 m l .  of concentrated hydro- 

ch lor ic  ac id  and the r e q u i s i t e  amount of alpha- 
b 



furi ldioxime.  A 10-ml. por t ion of chloroform,was 

s u f f i c i e n t  t o  remove the  palladium complex from the  - 'J  

aqueous so lu t ion  a f t e r  a 20-second shaking period,  The 

organic l a y e r  was removed and co l lec ted  i n  a 25-nil. 

volumetric flask. Approximately 0.5 gram of anhNrous 

D Q M Q ~ -  s u l f a t e  waa addod and the  extract was d i lu t ed  

t o  vqlume with chloroform. The complex exhibits-'ali - ' 

absorption peak a t  380 m f i  when measured aga ins t  

chloroform, the  reagent blank solut ion.  






