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FLUORENE ARSEN ICALS

1. INTRODUCTION

Organic a r s e n i c a l s  have, s ince  the days of  E h r l ich  

and h i s  monumental r e s e a r c h e s ,  been the s u b je c t  o f  ever  

in c re a s in g  i n v e s t i g a t i o n .  Many thousands of compounds 

have been prepared;  a good number of  these  have been 

t e s t e d  f o r  th e ra p e u t ic  value  a g a i n s t ,  f o r  example, t r y -  

panosome in f e c t io n  and the s y p h i l i s  sp i ro c h e te ;  and 

se v e ra l  more o r  l e s s  t rus txrorthy  r u l e s  of  thumb have 

p a t i e n t l y  been c o n s t ru c ted  to  c o r r e l a t e ,  to a minor ex­

t e n t ,  chemical c o n s t i t u t i o n  of  a r s e n i c a l s  w i th  t h e i r  

th e ra p e u t i c  va lue .

In the  search f o r  b e t t e r  a r s e n i c a l s ,  th e  po ly-  

n u c lea r  and h e t e r o c y c l i c  systems have been, to  some 

degree, neg lec ted  In favor  o f  the  benzene d e r i v a t i v e s .  

This i s  probably a reasonab le  neg l igence ,  s in c e  the 

g r e a t e r  f a c i l i t y  in  p r e p a r a t io n  of  benzene compounds, 

t h e i r  h igher  s o l u b i l i t i e s ,  and the  more easy a s s im i l a ­

t i o n  of these  by the  body have been th ree  f a c t o r s  of 

m e r i t  in  t h e i r  f a v o r .  Yet, in  the  l i g h t  o f  how l i t t l e  i s  

a c t u a l l y  known of the  mechanism of  a r s e n i c a l  a c t i o n ,  

e v id e n t ly  no aromatic  or  h e t e r o c y c l i c  system should be 

ignored,  and u se fu l  compounds w i l l  undoubtedly be found, 

i f  they  do not a l r e a d y  e x i s t ,  f o r  each of th e se  pa ren t
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systems. Thus, in c re a s in g  in v e s t i g a t i o n  of the  a r s e n i ­

ca l s  of  naph tha lene ,  phenanthrene,  a n th racen e ,  and the 

l i k e ,  i s  to he expected .

Now f lu o re n e  a r s e n i c a l s  have been the  su b jec t  of 

four  chemical papers  pub l ished  more than  a dozen years 

ago.  A ll  o f  these  compounds were based on th e  paren t  

f lu o re n e -2 -a r s o n ic  a c i d .  In s e v e ra l  ca se s ,  the  compounds 

showed fa v o ra b le ,  bu t  not remarkable,  pharmacological  

p r o p e r t i e s .  In  view of the many p o s s i b i l i t i e s  o f fe re d  by 

t h i s  hydrocarbon, i t  i s  the o b je c t  o f  t h i s  r e s e a rc h  to 

extend the number of  f lu o re n e  a r s e n i c a l s  to inc lude  new 

types .  Our o b je c t  i s  two-fo ld :  to p rep a re  new a r s e n i c a l s

f o r  medical a p p l i c a t i o n ,  and, secondly, to extend,  i n  so 

doing, the chemistry  of  the f lu o re n e  system.
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1 1 .  ORGANIC A R SEN IC A LS. GENERAL D ISC U SSIO N

A0 Nomenclature.

The naming and indexing of organic  a r s e n i c  compounds 

p r e s e n t s ,  even a t  p re se n t ,  a few d i f f i c u l t i e s  not e n t i r e l y  

surmounted. No wide sca le  adop t ion  of any p a r t i c u l a r  

system has "been made, and th e re  i s  a s  ye t  an ap p rec iab le  

v a r i a t i o n  between naming systems used in  t h i s  country and 

those used in  England. The nomenclature adopted here I s  

e s s e n t i a l l y  t h a t  proposed by the  I n t e r n a t i o n a l  Union of 

Chemistry in  1936 and 1938, and p r e t t y  w el l  adopted by 

CHEMICAL ABSTRACTS since  1937 (20) .

TABLE 1

Radical P re f ix  S u f f ix

-AsHg Arsino Arsine

-AsO Arsenoso  *

-AsOg Arso ____

®As(0)0H Arsinico A rs ln ic  a c id

~As(0)(oH)r> Arsono Arsonic a c id

-AsrAs- Arseno ---- -

-As(0H)g ------ Arsonous ac id

=As0H ----- Arsinous ac id

-p^As- Phospharseno —-—
-Sb^As S tibarseno  ——
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Table I  above l i s t s  r a d i c a l s  to g e th e r  w ith  the  p roper  

l i t e r a l  use of  p r e f i x  and s u f f i x .  A l l  o th e r  compounds not 

namable accord ing  to  the l i s t  given should be named, i f  

p o s s ib le ,  as  s u b s t i t u t e d  a r s i n e s .

Examples of  the  nomenclature fo l low . The usual  conven­

t io n  employing the  dash ( - )  to i n d ic a t e  cova len t  bonds and an 

arrow (-$>) to des igna te  coord ina te  bonds between donor and ac ­

cep to r  atoms i s  r e t a in e d .

methylphenyl a r s i n e 2 - n l t r o - 4 - c h l o r o - a r s  eno sobenzene

0

2-arsonaphthalene 3«amino-4-hydroxyphenyl a r so n ic  
a c id

CH3

methylphenyl a r s i n i c  
a c id

NH2 NH2
3 , 3I-d ia m in o -4 ,4 t-dihydroxy 

arsenobenzene

NH2
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5 0

Br

-As-OH

NH,

S-bromo-S-amino arsenous ac id

( CHg) 2~As-jis-( CHg) g  

t e t r a m e t h y ld ia r s i n e

C1-,
GH,
\ 3 

-As-OH

m ethy l-p -ch lorphenyl  a r s in o u s  
a c id

(C2H5)4AsOH 

t e t r a e th y la r s o n iu m  hydroxide

In  the  fo l low ing  s e c t io n s ,  a l l  chemical names w i l l  f o l ­

low the  above r u l e s  except where, in  cases  of  the  very impor­

t a n t  and well-known a r s e n i c a l s ,  common names have l a r g e l y  been 

adopted.
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B. The Theory of Therapeut ic  A c t i v i t y .

Although much used in  n e a r - a n c ie n t  days f o r  t rea tm en t  

of  var ious  d i s e a s e s ,  inorgan ic  a r s e n ic  compounds a r e  now 

hu t  seldom employed as pharm aceut ica l  r e a g e n t s .  The high 

t o x i c i t y  o f  the compounds, e s p e c i a l ly  w i th  so lu b le  t r i v a -  

l e n t  forms, makes a p p l i c a t i o n  extremely dangerous.  The 

most important  in o rg an ic  p re p a ra t io n  s t i l l  in  use i s  "Fowl­

e r ' s  s o lu t io n " ,  a  d i l u t e  water  s o lu t io n  of  potassium a r s e n -  

i t e .  I t  i s  employed a s  a to n ic  and fo r  p a r t i a l  r e l i e f  in 

cases of anemia, Hodgkin 's  d i s e a se ,  and rheumatism. I t  i s  

a l so  used e x t e r n a l l y  f o r  t rea tm en t  of  sk in  d i s o r d e r s  such as  

p s o r i a s i s  and ch ron ic  eczema. The p r e p a r a t io n  appears  in  

the  U. S. Pharmacopeia (88).

Indeed, the  f i r s t  g en e ra l  symptom of a r s e n i c  poisoning  

i s  one of in c re a se d  a p p e t i t e  and body w eigh t .  The skin  

takes  on a h e a l t h i e r  appearance and the r e d - c e l l  count of the 

blood In c re a s e s .  The use of white a r s e n ic  (AsgO^)taken 

i n t e r n a l l y  by c e r t a i n  n a t iv e s  of S ty r i a  and Tyrol i s  s a id  to 

in c re a se  g en e ra l  b o d i ly  h e a l t h  and r e s i s t a n c e  to p h y s ic a l  

f a t i g u e .  The e x t ra v ag an t  claims made by th e se  "a rsen ic  

e a t e r s "  a r e  not s u b s t a n t i a t e d  in  f a c t ,  though a p p a re n t ly ,  

harmful e f f e c t s  need not fo l low  s ince  many of the  u se rs  a re  

l o n g - l iv e d  (29).

The use of a l i p h a t i c  o rgan ic  forms i s  l i m i t e d  to a few 

p r e p a r a t io n s .  Here, aga in ,  the t o x i c i t y  i s  h igh ,  probably 

because of  easy h y d ro ly s i s  in  the body to  Ino rgan ic  a r s e n i c .
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The compounds s t i l l  o cc as io n a l ly  ap p l ie d  (73) a re  g iven  

in  Table I I .

TABLE I I

Comoound

sodium
cacodyla te

Formula

Solarson

guaiaco l
cacodyla te

Elar8on

(GH3 )2 =

A ppl ica t ion

p s o r i a s i s  and 
ONa o the r  sk in  d i s ­

eases; anemias, 
leukemia (o ra l  
or  e x t e r n a l ) .

GH3 (GH2 )4CCL = GH.As.O(OH)ONH4 a n e m ia s , (o ra l ,
s u b c u t , , o r  in­
tramuse. )

r eg io n a l  tube r ­
c u lo s i s  ( o ra l  
or  s u b c u t . )

exophthalmic 
g o i t e r ,  anemias, 
n eu ra lg ia  ( o r a l ) .

(CH3 )gAs0*0«C6%0CH3 , H20

stront ium  chloroarseno 
behenate ( u n c e r ta in  s t r u c ­
tu re )

Aromatic a r s e n i c a l s  have proved more advantageous in  

the  t rea tm ent  of p ro tozoa l  and b a c t e r i a l  i n f e c t i o n s .  The 

f i r s t  p r e p a ra t io n  o f  an arom atic  compound was accomplished 

by Bechamp (8 ) ,  in  1860 by h e a t in g  a n i l i n e  a r s e n a te  to 

190-200°C. The s t r u c t u r e  of  the compound was c o r r e c t ly  es­

t a b l i s h e d  by E h r l i c h  and Bertheim (45) who showed i t  to be 

p-aminophenyl a r s o n ic  ac id .

Beginning in  1875, Michaelis  (76) and co-workers p re­

pared  many aromatic  a r se n ic  compounds and extended the  methods 

f o r  p repar ing  them to inolude e n t i r e l y  new procedures .  The
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pharmaceut ica l  importance of the  compounds was recogn ised  

by E h r l ich  when i t  was shown by Thomas (14),  and B re in l  and 

Kinghorn (16) th a t  the  p-aminophenyl a r s o n ic  a c id  of Bechamp, 

popu la r ly  c a l l e d  a to x y l  or  a r s a n i l i c  a c id ,  had th e ra p e u t i c  

e f f e c t s  on experimenta l  t rypanosom iasis .

A f te r  many yea rs  o f  in v e s t i g a t io n ,  during which E h r l ich  

and h i s  s tuden ts  developed new a r s e n i c a l s  which they t e s t e d  

f o r  t rypanoc ida l  a c t i v i t y ,  the compound r e f e r r e d  to v a r io u s ly  

as  arsphenamine, s a lv a r san ,  kha rs ivan ,  o r  ”6 0 6 was p r e ­

pared (47) which shotted remarkable t ry p an o c id a l  p r o p e r t i e s  

as  w el l  as  good a c t i o n  a g a in s t  s p i r i l l a e  and s p i ro c h e te s .

The use of the  compound a g a in s t  s y p h i l i s ,  f ramboesla ,  r e ­

c u r re n t  fev e r ,  e t c . ,  cont inues to the p re se n t  day. F u r th e r  

i n v e s t ig a t io n  of  aromatic  a r s e n i c a l s  by many r e s e a rc h  workers 

has r e s u l t e d  in  the  p r e p a ra t io n  of many thousands of com­

pounds, some of  which have proved va luab le  i n  chemotherapy.

A l i s t  of the more important of  th e se  i s  given in  Table I I I .

Some se r ious  e f f e c t s  fo llow the  use of  c e r t a i n  a r s e n i ­

c a l s ,  or  the  too f r e q u e n t ly  repea ted  use of  o th e r s .  Besides 

genera l  symptoms of chronic  a r s e n ic  po ison ing ,  delayed a c t io n  

on the  nervous system sometimes appears .  Thus, o p t i c  nerve 

in ju r y ,  genera l  n e u r i t i s ,  and mental d e t e r i o r a t i o n  may r e ­

s u l t  (60) .  This i s  p a r t i c u l a r l y  so x\rlth a to x y l ,  a r s a c e t i n  

and tryparsam ide .  I t  i s  known, too ,  t h a t  p a r a s i t e s  may be­

come immune to an adm in is te red  p re p a ra t io n  in  time and
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TABLE I I I  

AROMATIC ARSENICALS IN USE

Compound S tr u c tu r e  Use Dosage

Arsphenamlne HO-

HCl-NHp

•OH s y p h i l i s ,  r e la p s in g  0 .5 -Q .4  g .
f e v e r ,  from b es ia ,  ( in t r a v e n . )  

"NHg*HCl m a la r ia ,  Hodgkin’ s 
d ise a se *

Neoarsphenamine HO- ■ ^  \  “A sZAs-y
NaOSOCHgNH

OH

NHCHgOSONa Primary s y p h i l i s  0 .6  g .
( i n t r a v . )

Sulfarsphenam lne HO- /  ^  -A sZA s -  ̂  ^-OH

NaOgSOCHgNH NHCHgOSOgNa
s p i r l l l i c i d e , 0 .4 0 0 .5  g .
g e n e r a l  s y p h i l i s .  ( in t r a v e n .

in tr a m u sc ,)

S i l v e r
arsphenamlne NaO-

NH,

—As—As—y  \ - 0 N a  l i k e  Arsphenamlne 0 . 1 - 0 . 3 g .
\ \ /  ’in t r a v e n . )

m 2'% AS2°

IQ
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Com-pound

A ce tarsone

Mapharsen

Tryparsamide

Carbarsone

A r s a c e t in

TABLE I I I  (Gont1d . )

S t r u c t u r e Use Dosage

HO- ' ,/  ^  -As0 3H2

ch3conh

H O -/  -A s-0 

HGl*NHg

a m e b ia s i s ,  con­
g e n i t a l  s y p h i l i s , 
V i n c e n t ' s  ang ina ,

s y p h i l i s

0 .25   ̂
( o r a l ,

0 .0 3 - 0 .0 4  
( i n t r a v e n ,

NHgGOCHgNH- —A sO irHNa 
/  3

NHgCONH-^ y -A sO 3HNa

try p a n o c id e ,  
n e u r o - s y p h i l i s ,  
e a r l y  p a r e s i s

i n t e s t i n a l  ameb­
i a s i s .

1-3 g.
( in t r a v e n ,

0 .25   ̂
( o r a l ,

OH,C0NH- /  \  -A sO,HHa
3  \  /  3

a n t i s I p h y l i t i c ,
p r o t o z o a l  d i s e a s e s .  0 . 5 - 0 . 6  g.

( i n t r a v e n . )

t-jo



r e s i s t a n t  s t r a i n s  of the "bacteria or pro tozoa appear (36).  

Usual ly ,  the r e s i s t a n c e  Is  s p e c i f i c  to one compound, and a 

change in  the  compound adm in is te red  i s  then In d ica ted .  The 

compound (p -a rsenosopheny l) -bu ty r ic  a c id  has  r e c e n t ly  been 

d esc r ibed  as  p a r t i c u l a r l y  e f f e c t i v e  a g a in s t  trypanosomes 

s in c e  i t  does not r e a d i ly  give r i s e  to r e s i s t a n t  s t r a i n s  (37).

Now the theory of th e ra p e u t i c  a c t i o n  of the se  com­

pounds inc ludes  the b e l i e f  th a t  the t r i v a l e n t  forms a re  the 

most p o ten t ,  and th a t  o th e r  forms (arseno compounds and 

a r s o n ic  ac id s )  a r e  f i r s t  changed in  the organism to the 

arsenoso compounds which r e p re s e n t  the e f f e c t i v e  type .  This 

b e l i e f  i s  s u b s t a n t i a t e d  by the f a c t  t h a t  many a rso n ie  ac id s  

( f o r  example, a to x y l  or a r s a c e t i n )  a re  In a c t iv e  in  v i t r o  

but  a c t iv e  in  vivo (44).  The compound 4-hydroxyphenyl 

a r s o n ie  a c id  w i l l  not k i l l  trypanosomes in  a t e s t  tube in  

d i l u t i o n s  of 1 to  2% but  the  reduced form 4-hydroxy- 

arsenoso benzene w i l l  completely s t e r i l i z e  trypanosomes 

in  v i t r o  a t  a co n c en t ra t io n  of  1 :10 ,000,000. Furthermore, 

a p a r a s i t e  made d r u g - f a s t  (immune) to a t r i v a l e n t  com­

pound w i l l  e x h i b i t ,  l ik ew ise ,  immunity toward the c o r r e s ­

ponding p e n tav a len t  compound and v ice  v e r s a .  (92)

The presence of  the arsenoso group i s  s a id  to d i s tu rb  

the  o x ld a t io n - re d u c t lo n  mechanism in  the  t i s s u e s  of the 

p a r a s i t e ,  and to a l e s s e r  ex ten t  of the  h o s t .  Such a c t io n  

probably  involves  the s u l f h y d r i l  groups p re se n t  in  the 

p r o t e in  s t r u c t u r e  (101, 117).
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I t  i s  w el l  known t h a t  c e r t a i n  s u l f h y d r i l  compounds l i k e  

c y s te in e ,  t i i i o g ly e o l l i c  a c id  and t h i o l a e t i c  ac id  have inh ib ­

i t i n g  e f f e c t s  in  the  a d m in i s t r a t io n  of arsenoso compounds. 

Action of the arsphenamines i s  a l so  delayed (31 ,32 ,33 ,118) .

Reiner and Leonard (94) suggested a formation  of  

loose  compounds of arsphenamlne with serum p r o t e in s .

Such loose a d d i t io n  compounds can sometimes be formed in  

the  t e s t  tube .  In the case of a s e r i e s  of s u b s t i t u t e d  

arsenosobenzene compounds, i t  was found (64) th a t  the 

systemic t o x i c i t y  o f  these  could  be d i r e c t l y  r e l a t e d  to 

the  ex ten t  of b ind ing  by red  blood c e l l s  e i t h e r  in  vivo 

o r  in  v i t r o . Also p o s tu la te d  (95) i s  the formation in  

the  body of  compounds of the quinone iraine type.

The o x id a t io n - re d u c t io n  concept of a r s e n i c a l  a c t io n  

seems, then, w ell  e s ta b l i s h e d  and i s  in  acco rd  with  the 

theory  of Bing and Sculy (29) in  regard  to Inorganic 

a r s e n i c a l  a c t i o n  in  which a l t e r n a t e  change from pen ta -  

v a l e n t  to t r i v a l e n t  a r s e n i c  i s  s a id  to be the main a c t io n  

in  withdrawing oxygen from o r  g iv ing  oxygen to the l iv in g  

t i s s u e s .
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Now a s id e  from the  main a c t io n  of  the  a r s e n i c  group 

in  organic  a r s e n i c a l s ,  i t  was very e a r ly  recogn ized  t h a t  

the  organic  r e s id u e  has much to do with  the  v a r i a t i o n  in  

to x ic  and c u r a t iv e  p r o p e r t i e s .  E h r l ic h  (41, 42, 43, 44) 

developed some c l e a r  no t ions  concerning th e  mechanism of 

drug a c t i o n .  According to h i s  views, an e f f e c t i v e  compound 

i s  a t  once possessed  of  a group poisonous to the  p a r a s i t e  

(toxophore) and a group capable of anchoring  i t s e l f  to the 

c e l l  walls  of the  p a r a s i t e  (h ap to p h o re ) . I t  i s  to t h i s  l a t t e r  

k ing  o f  group t h a t  the  s p e c i f i c i t y  and s p e c i a l  a c t io n  o f  the 

compound i s  due. In  the case of  th e  benzene a r s e n i c a l s ,  

the t h e r a p e u t i c  r e s u l t s  vary w ith  the  k ind ,  number, and 

r e l a t i v e  p o s i t i o n s  of the groups .  E h r l i c h  found th a t  the 

i n t ro d u c t io n  of  a pa ra  s a l t - fo rm in g  group (-0H, “ NHg) 

was g e n e ra l ly  h e l p f u l  in  y i e ld in g  d e s i r a b l e  p r o p e r t i e s ,  

and t h a t  a t h i r d  s u b s t i t u e n t  group (-C1, “ NHg* ortho

to the  -OH o r  -NHg u su a l ly  in c re a se d  the f a v o ra b le  e f f e c t s .

An or tho  -CHg o r  -NOg group, however, i n  p - a r s a n i l i c  a c id  

in c re a se s  the  to x ic  q u a l i t i e s .

To I l l u s t r a t e  these  g en e ra l  p r i n c i p a l s ,  comparison 

in fo rm ation  i s  p re se n te d  in  Table IV. The organisms 

most f r e q u e n t ly  used f o r  t e s t i n g  a re  trypanosoma eaulperdum. 

trypanosoma rh o d ls le n s e  and trypanosoma le w ise .  Therapeu­

t i c  index i s  de f ined  as  the  r a t i o  of  minimum l e t h a l  dose 

(minimum weight o f  drug p e r  u n i t  body weight capable of 

k i l l i n g  the  hos t )  to minimum c u r a t iv e  dose (minimum weight
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TABLE IV

{ Therapeutic  va lues  in  m il l ig ram s per  20 grams of mouse )

COMPOUND STRUCTURE M.L.D. M.C.D. T .I .

Arsenosobenzene -A s = 0 0.05 0.025

p-hydroxyarsenoso-  H0- 
benzene

-As-0 0.20 0.038 5.3

p-aminoarsenoso-
benzene

NH0- -As=0 0.10 0.035 2.8

Mapharsen H0-

NHp<G>

-As-0 0.45 0.048 9 .4

Atoxyl nh9- -As03H2 7.1  4.8  1 .5

Tryparsamide NHgC0CHgNH-<^ ^ > -A s0 3H2 40.0 4.5

Garbarsone NHgCONH-/ \ )-As03Hg 4.0  1.0

A rs a c e t in  CH3C0NH- -As03Hg 40.0 28.0 1 .4

p-hydroxy-m-amIno- 
pheny la rson ic  a c id

HO-

NH

-As03H2 12.6 7 .6  1.6
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of drug per  u n i t  body weight capable of k i l l i n g  the p a ra ­

s i t e . )  These th ree  terms a r e  f re q u en t ly  a b b rev ia te d  to 

T . I . , M.L.D., M.C.D.

The data  of  Table IV should be ac ce p ted  iirith some 

ca u t io n  s ince  the  l i t e r a t u r e  i s  not  always c o n s i s t e n t  as 

to th e ra p e u t i c  v a lu e s .  R esu l ts  depend on methods of  a d ­

m i n i s t r a t i o n ,  the  p a r a s i t e  employed, and the k ind  of 

animal submitted to the  t e s t .  A r e a l  s e rv ic e  to  chemo­

therapy  could be done by a sys tem atic  s t a n d a r d iz a t io n  of 

va lues  of the many compounds so f a r  t e s t e d .  Only then 

can sure  i n t e r p r e t a t i o n  of  the  c o r r e l a t i o n  between s t r u c t u r e  

and th e ra p e u t ic  e f f e c t s  be made.

In g en e ra l ,  arsenoso compounds a re  more tox ic  than 

a r s o n ie  a c id s ,  whereas arseno d e r l v i t i v e s  a r e  l e a s t  tox ic  

of  a l l .  T r iv a le n t  a r s e n i c a l s  seem to be u s e fu l  g e n e ra l ly  

as  t reponem ic ida l  agen ts  ( fo r  example, a g a i n s t  the s y p h i l i s  

sp i ro ch e te )  whereas th e  a r s o n ie  a c id s  a r e  more e f f e c t iv e  

a g a in s t  p ro to zo a l  d i s o rd e r s .  Tryparsamide i s  e f f e c t iv e  

in  l a t e  s y p h i l i s ,  but  not in  the  ea r ly  s t a g e s .

The in t ro d u c t io n  in to  the  benzene nucleus of  a para  

s a l t - fo rm in g  group (-OHj-KHg) lowers the t o x i c i t y  as  w el l  

as  the  a c t i v i t y  of the  compound. Sometimes, more fav o r ­

ab le  th e ra p e u t ic  r a t i o s  r e s u l t .  The m e thy la t ion  of the  

pheno l ic  or  amino group i s  u su a l ly  u n s a t i s f a c t o r y ,  but 

a c e t y l a t i o n ,  p a r t i c u l a r l y  of  the  amino group, i s  very 

e f f e c t i v e  f o r  f u r t h e r  reducing tox ic  q u a l i t i e s .  Nitro
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groups a r e  u su a l ly  without e f f e c t ,  and halogen atoms o f te n  

enhance by a good deal  the to x ic  n a tu re  of th e  compounds.

The th e ra p e u t ic  index o r  r a t i o  i s  a more important c r i t e r ­

ion than tox ic  or  c u r a t iv e  doses cons idered  in  themselves,  

Mapharsen i s  much more tox ic  than arsphenamine, but the 

c u r a t iv e  p r o p e r t i e s  of  mapharsen a r e  s im ultaneously  

s u p e r io r ,  and the  th e ra p e u t ic  index of the  compound i s  of 

an o rd e r  t h a t  makes i t  a va luab le  drug.

Eagle (35, 38, 39, 40) has made an ex tens ive  s tudy  of  

the e f f e c t  of  s u b s t i t u e n t  groups on the  t h e r a p e u t i c  p roper­

t i e s  of arsenosobenzene (arsenoxide)  and some genera l  p r i n ­

c i p l e s  r e l a t i n g  to t h i s  s e r i e s  have been advanced.

The goal i s ,  of course ,  to syn thes ize  compounds with 

a h igh (safe)  th e ra p e u t ic  index and of low t o x i c i t y .  The 

arsphenamines a r e  s t i l l  the  b e s t  a r s e n i c a l s  from t h i s  

s ta n d p o in t ,  but  s u f f e r  from ease of o x id a t io n  and la ck  of 

p u r i t y .

The f a t e  of the  organic a r s e n i c a l  in  the  body has 

been the sub jec t  o f  scant  I n v e s t i g a t i o n .  R. R. Williams (120) 

has made an e f f o r t  to c o l l e c t  some of the  in fo rm ation .  

Apparently ,  a l a rg e  q u an t i ty  of  the o rganic  a r s e n i c a l  can 

appear  unchanged in  the  u r in e .  For example, cacodylic  

a c id  i s  excre ted as  such to the  ex ten t  o f  14$ (62) .  Some 

amount of  unchanged arsphenamlne can l ik e w ise  be d e tec ted .

In the  few cases where changed m e tab o l i te s  have been iden­

t i f i e d ,  tn e re  i s  evidence th a t  the  mechanism of  d e to s ic a -
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t i o n  i s  no simple one. In the  case o f  arsphenamine, com­

pounds i s o l a t e d  in  the  ex c re ta  were p-aminophenol,  o - a c e t -  

aminophenyl s u l f a t e ,  benzoxazolone, 3-hydroxy-4~amlno- 

phenyi a r so n ic  a c id ,  and p-hydroxyphenyl a r s o n ic  a c i d  (110).  

Inorgan ic  a r s e n i c  i s  a l so  a common form f o r  ex c re t io n  (85 ) .

C. C l in i c a l  Methods of  E v a lua t ion .

The c l i n i c a l  o r  experimenta l  methods of assay  o r  

ev a lu a t io n  of drugs i s ,  gene&ally,  a la b o r io u s  and p a in s ­

tak in g  procedure .  The d i f f i c u l t i e s  a r i s i n g  from p roper  

c o n t ro l  and s t a n d a r d iz a t io n  of c o n d i t io n s ,  the  s e l e c t i o n  

of  experimental  animals  conforming to d e f i n i t e  s ta n d a rd s ,  

d u p l ic a t io n  of  p roper  s t r a i n s  of p a r a s i t e s  used f o r  in ­

o c u la t i o n ,  and the  p roper  I n t e r p r e t a t i o n  of r e s u l t s  

ga thered ,  sometimes over  pe r iods  o f  many months, p r e s e n t  

d i f f i c u l t i e s  not e n t i r e l y  surmountable. As a r u l e ,  eva lu ­

a t i o n s  made must be re-checked  f o r  proper  accuracy  and 

i n t e r p r e t a t i o n s  of  the  data  made with  f u l l  knowledge of  

the f a l l i n g s  of the  methods Involved.  U sua l ly ,  r e s u l t s  on 

a s e r i e s  of compounds cannot be p ro p e r ly  c o r r e l a t e d  un­

l e s s  determined under i d e n t i c a l  c o n d i t io n s ,  and u su a l ly  

in  the same c l i n i c  o r  l a b o ra to ry  by the  same workers.

The var ious  t h e r a p e u t i c  va lues  w i l l  d i f f e r ,  of 

course ,  not only w i th  rega rd  to  the  p a r a s i t e  chosen f o r  

t e s t i n g ,  bu t  a l so  w i th  the  type of  exper im enta l  animal .  

Evalua t ions  may be done in  vivo when the  v a r io u s  cura­

t i v e  and l e t h a l  doses may be determined on r a t s ,  r a b b i t s
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and the  l i k e ;  o r  they may be done in  v i t r o  when the 

e f f e c t  o f  drugs on p a r a s i t e  c u l t u r e s  in  the  t e s t  tube 

i s  observed.

In the  case of  a r s e n i c a l s ,  the  p a r a s i t e  chosen i s  

one a g a i n s t  which the  a r s e n i c a l  type has been found 

more o r  l e s s  e f f e c t i v e .  Hence, the  choice may be the  

s y p h i l i s  s p i ro c h e te  s ince  t reponem ic ida l  a c t i v i t y  i s  

f r e q u e n t ly  p re se n t ;  o r  may be one o f  many p ro to z o a l  

forms, A rs e n ic a ls  a r e  e f f e c t i v e  a g a in s t  amoebic dy­

se n te ry  caused by E. h i s t o l y t i c a , and a g a i n s t  va r ious  

forms of  t rypanosom ias is ;  A fr ic an  s le ep in g  s ickness  

caused by T, r h o d e s le n s e . A fr ican  t rypanosom ias is  

caused by T. gamblense. and South American Chagar s 

d is e a se  caused by T. c r u z l . A p o p u la r ly  used t rypan-  

osome i n j e c t i o n  i s  the  trypanosom ias is  in  r a t s  caused 

by T. eculperdum. This l a s t  p a r a s i t e  i s  easy to keep 

a l i v e  and responds w e l l  to c l i n i c a l  methods. I t  has 

been shown (105, 118) t h a t  th e re  i s  a c lo se  c o r r e l a t i o n  

between t h e r a p e u t i c  e f f e c t s  of  a r s e n i c a l s  on r a t s  

in f e c t e d  with T. eauloerdum and those  observed c l i n i c ­

a l l y  w ith  treponema pal l idum ( s y p h i l i s  s p i r o c h e t e ) .  

Other  a r t i f i c i a l l y  induced d i s e a s e s  used in  s t a n d a rd i ­

z a t io n  a r e ;  s p i r i l l o s l s  in  hens o r  r a b b i t s ,  r e c u r r e n t  

f e v e r  in  mice, s y p h i l i s  in  r a b b i t s .

In  the  case of  in  vivo a s say in g  f o r  c u r a t iv e  p ro ­

p e r t i e s ,  a c a r e f u l l y  chosen and s ta n d a rd iz e d  s t r a i n  o t
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p a r a s i t e  i s  in o c u la ted  in to  a seed animal (u su a l ly  

r a b b i t )  and a p e r io d  of time between 24 and 48 hours 

al lowed to elapse  f o r  p roper  m u l t i p l i c a t i o n  of  the 

organism. At the end of t h i s  time, a sample of  blood 

from the seed animal i s  checked and a count o f  para­

s i t e  bodies per  ml. i s  made. Cer ta in  l i m i t s  a r e  a c ­

c e p ta b le ,  fo r  example 30,000-50,000 o r  150,000- 

250,000 p a r a s i t e s  per  ml. of  blood depending on the 

p a r t i c u l a r  d i s e a se .  The seed animal i s  then k i l l e d  

and the  e x t ra c te d  blood, in  measured q u a n t i t i e s ,  i s  

i n j e c t e d  in to  a group of  experimenta l  an im als .  Gen­

e r a l l y ,  a group of  5 to 10 animals o f  c a r e f u l l y  con­

t r o l l e d  age, weight l i m i t s ,  and d i e t  a r e  r e q u i r e d  f o r  

each dosage of the  drug to be ad m in is te red .  A f te r  

24 to 48 hours, a count i s  aga in  made on each o f  the  

animals and a c a r e f u l l y  measured amount of  drug i s  

adm in is te red ,  u s u a l ly  In t rav en o u s ly .  A l l  f a c t o r s ,  

such as  co n c en t ra t io n  and r a t e  of i n j e c t i o n  must be 

s ta n d a rd ize d .  The amount of drug i s  c a l c u l a t e d  in  

terms of weight of drug p e r  weight of  animal body.

Blood counts a re  made p e r i o d i c a l l y ,  say a t  the  end of  

12, 24, 48, 72 hours and the  var ious  e f f e c t s  a r e  noted.

The animal i s  judged cured i f  the p a r a s i t e  count f a l l s  

below a c e r t a i n  minimum number and remains such.

Many v a r i a t i o n s  of the  methods in d ic a t e d  above e x i s t .
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In the  o ld e r  procedures ,  animals were i n f e c t e d  with 

v i r u l e n t  s t r a i n s  known to produce death  in  th e  sho r t  time 

of one to severa l  days, and e f f i c a c y  of  the  drug was 

gauged by the  number of experimenta l  an imals  remaining 

a l i v e  a t  the end of a f a i r l y  long i n t e r v a l  (91 ) .  In 

o th e r  non-counting methods, the  animal i s  watched, a f t e r  

a d m in is t r a t io n  of  the  p a r a s i t e ,  f o r  w e l l  developed symp­

toms of the  d isease  ( s ev e ra l  days to s e v e r a l  weeks), then 

i s  given a measured dosage o f  the  drug and the  e f f e c t s  

observed.  Useful procedures have been fo rm ula ted  by the 

U. S. Pub l ic  Health  Service and o th e r  governmental l a b ­

o r a t o r i e s  (34 ,83) .

The t o x i c i t y  of  the compound i s  determined in  vivo 

by a d m in i s t r a t io n  of in c re as in g  doses of the  drug to ex­

per im en ta l  animals (4-6 f o r  each dose) and the  number of 

deaths in  a s p e c i f i e d  i n t e r v a l  of  time noted  (34) .  A 

method has been suggested wherein th e  time e lapsed  before  

death  i s  taken as a graded response  method f o r  t o x i c i t y  

de te rm ina t ion  (87).

In v i t r o  methods f o r  e s t im a t io n  of c u r a t iv e  pro­

p e r t i e s  o f f e r  decided p o s s i b i l i t i e s .  These t e s t s  a r e ,  of 

course ,  very easy to apply and take  only a few minutes to 

s e v e ra l  hours f o r  d e te rm in a t io n .  The method usua l ly  con­

s i s t s  in  the a d d i t io n  of a d e f i n i t e  amount of  compound to 

a c u l tu re  of the ap p ro p r ia te  organism, and the  e f f e c t  i s
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followed by microscopic count a t  f requen t  i n t e r v a l s  over  

a f a i r l y  sho r t  time p e r io d .  Such in  v i t r o  t e s t s  cannot 

be used w ith  arsphenamine types or  p e n tav a len t  a r s e n i c a l s  

which depend fo r  t h e i r  c u r a t i v e  e f f e c t  on c e r t a i n  redox 

changes xyhile in  the  animal h o s t .  The method has been 

advocated (21,34) f o r  assay  o f  the  arsenoso compounds 

( a r s e n o x id e s ) .

In d esc r ib in g  r e s u l t s  of such c l i n i c a l  ev a lu a t io n ,  

c e r t a i n  terms have become common. The dosage ( c a l c u l a t e d  

a s  weight of  drug p e r  weight of  animal) ave rage ly  j u s t  

s u f f i c i e n t  to cure the  d iseased  animal i s  c a l l e d  the  

minimum c u ra t iv e  dose (M.C.D.). The dosage averagely  

j u s t  s u f f i c i e n t  to k i l l  the exper im enta l  animal i s  the  

minimum l e t h a l . d o s e  (M.L.D.). Other dosages a r e  im­

p o r t a n t  bes ides ;  t h a t  which i s  ave rage ly  J u s t  s u f f i c i e n t  

to have a minimal measureable e f f e c t  on the  p a r a s i t e  i s  

c a l l e d  the  minimum th e ra p e u t i c  dose, while  the  dosage 

above which more than  a low percen tage  (say 5%) of  th e  

animals would d ie  i s  termed the  maximum t o l e r a t e d  dose. 

The p roper  mathematical I n t e r p r e t a t i o n  of the  r e s u l t s  

has been in v e s t ig a t e d  (15).

The t h e r a p e u t i c  value or  index u su a l ly  r e f e r s  to 

the  r a t i o  of minimum l e t h a l  dose (M.L.D.) to minimum 

c u r a t iv e  dose (M.C.D.).

I t  i s  to be remarked t h a t  r e s u l t s  ob ta in ed  by a s say  

w ith  experimental  animals a r e  no t  n e c e s s a r i l y  i n d i c a t i v e
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of corresponding e f f i c a c y  when used on humans, even f o r  

the same d i s e a s e s .  Gautious c l i n i c a l  e v a lu a t io n  with 

humans must always fo l low  the p re l im in a ry  o p e ra t io n s .

Yet, u su a l ly ,  th e se  f i r s t  th e ra p e u t i c  s tu d i e s  a re  r e ­

l a t i v e l y  in  p roper  o rd e r  and se rve  to p o in t  ou t  which of 

the drugs possess  promising c h a r a c t e r i s t i c s  and xtfhich a re  

u s e l e s s .

D. Aromatic A r s e n ic a l s .

Since t h e r a p e u t i c a l l y  va luab le  compounds a r e  almost 

ex c lu s iv e ly  a r s o n ic  a c id s  (RAsO^Hg), arseno (RAs ~ AsR), o r

arsenoso compounds (RAsO), gene ra l  methods f o r  the p r e ­

p a r a t io n  o f  th e se  w i l l  be g iven .

1 . The Arsonic Acids (RASO3H2) .

The Bechamp R e ac t io n . H i s t o r i c a l l y  th e  f i r s t  d i r e c t  

method to be d iscovered  ( 8 ) ,  the  r e a c t i o n  c o n s i s t s  in 

h e a t in g  an arom atic  amine or  phenol w i th  a r s e n i c  a c id  a t  

somewhat e l e v a te d  temperatures  (150-200 0 . )  f o r  p e r io d s  

ranging  from s e v e r a l  hours to s e v e ra l  days. An amino o r  

pheno l ic  a r s o n ic  a c id  i s  produced. D i re c t io n  i s  ortho 

and para  in  a l l  such cases .  The para  p o s i t i o n  i s  most 

r e a d i l y  a t t a c k e d ;  or tho  s u b s t i t u t i o n  o r d i n a r i l y  takes  

p la ce  only i f  the  para  p o s i t i o n  i s  b locked, and, in  such 

ca ses ,  the y i e l d s  a r e  u su a l ly  poor .  No so lv e n t  i s  em­

ployed and e f f i c i e n t  s t i r r i n g  i s  f r e q u e n t ly  the  c r i t i c a l  

f e a t u r e  of  the r e a c t i o n .  The a r s e n i c  a c id  used v a r i e s
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from a h igh ly  concen tra ted  aqueous so lu t io n  (80-85$) to  

s o l i d  anhydrous a r se n ic  acid* Most f r e q u e n t ly ,  in  a r -  

sona t ion  of amines, the  amine i s  in  a p p rec iab le  excess 

(2-3 moles) and a c t s  somewhat as the so lv e n t .  Arsona- 

t i o n  of  phenols g en e ra l ly  Involves  an excess of a r s e n ic  

a c id .  Yields range from 1$ to  60$, with  an average 

y i e l d  of  about 20$. The r e a c t i o n  probably t a k e s  p lace  

through the formation of th e  a r se n a te  and arsamic a c id  

very much l i k e  the bake p rocess  f o r  s u l f a n i l l c  a c id .

Some small  q u a n t i t i e s  of  the a r s i n i c  a c id  (RgAsOgH) can 

sometimes be i s o l a t e d .  P re p a ra t io n  of  a r s a n i l i c  a c id  

by t h i s  method and p r e p a ra t io n  o f  p-hydroxyphenyl a r ­

sonic a c id  are  desc r ibed  in  d e t a i l  in  Organic Syntheses (56).

The Bart R eac t ion . This more g e n e ra l ly  used and 

more s u c c e s s fu l ly  ap p l ied  r e a c t i o n  r e p re se n ts  the b e s t  

method fo r  the  p re p a ra t io n  of  a r s o n ic  ac ids  (7 ) .  An 

aromatic  amine i s  d ia zo t iz e d  in  the  usual  xiray and the  

diazonium so lu t io n  i s  decomposed in  the presence of aqueous 

a r s e n i t e  and a small amount of  c a t a l y s t .

RNgX4-NagHAs° 3 —> RAs03HNa+N2+NaX

Sodium or potassium a r s e n i t e ,  o r  the  e q u iv a le n t  so lu t io n  

of  a rsen ious  oxide in  sodium o r  potassium hydroxide or  

ca rbona te ,  may be used. B u f fe r s ,  such as  sodium carbon­

a t e ,  b ica rbona te  or  a c e t a t e ,  a re  f re q u en t ly  employed.

The y i e l d  i s  appa ren t ly  dependent on c a r e f u l  c o n t ro l  of  pH
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which should be cons tan t  throughout the procedure  and 

somewhat on the  b a s ic  s id e .  The c a t a l y s t  used i s  f r e ­

quent ly  copper s u l f a t e ,  but  may rep re se n t  o th e r  cupr ic  or  

cuprous s a l t s ,  m e ta l l i c  copper, n ic k e l  o r  c o b a l t ,  o r  

s a l t s  of n ic k e l  and c o b a l t .  Sometimes, a second reducing  

agent  i s  s imultaneously  employed (sodium h y d r o s u l f i t e ,  

hypophosphorous a c id ,  sodium formaldehyde s u l f o x y l a t e ) . 

Y ields  vary with the  ease of  d i a z o t i z a t i o n  of the o r i ­

g in a l  amines. Average y i e ld  i s  about 50$, bu t  i s  f r e ­

quent ly  much b e t t e r .  Diazonium f lu o b o ra te s  have been 

newly employed in  the  Bart method x-irlth o ccas io n a l  im­

provement of  y i e l d . ( 102) .

The S ohe l le r  R eac t ion . Really  a m od if ic a t io n  of  the 

Bart procedure, t h i s  r e a c t io n  used by S c h e l l e r  to good 

advantage (106),  employs a non-aqueous medium of a lco h o l  

(methyl o r  e th y l )  o r  g l a c i a l  a c e t i c  ac id  f o r  d i a z o t i z a ­

t i o n ,  followed by decomposition in  the  presence  of  an­

hydrous a r s e n ic  t r i c h l o r i d e ,  w ith  a t r a c e  of c a t a l y s t ,  

commonly cuprous h a l i d e s .  The a r s e n ic  t r i c h l o r i d e  i s  

sometimes added be fo re  d i a z o t i z a t i o n .  Removal of the  

so lven t  by d i s t i l l a t i o n  followed by h y d ro ly s is  gives the 

corresponding a r s o n ic  a c id .
+• — HpO

RN2X4-As C13 — >  [RAs C1 3 ]  C l   RAs0 3H2+HC1

This method f r e q u e n t ly  g ives good y i e l d s  of pro­

ducts  where the Bart  r e a c t io n  f a i l s ,  but i t  i s  not a l ­

ways b e t t e r  than the  B ar t .  Weak amines ( f o r  example,
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p - n i t r o a n i l i n e )  f r e q u e n t ly  y i e l d  b e t t e r  r e s u l t s  with the  

S c h e l l e r  r e a c t i o n .  We have found th a t  ace tone  can be 

used s u c c e s s fu l ly  a s  so lven t  f o r  amines of  the  f luo renone  

s e r i e s .

The Bechamp, Bart  and S c h e l l e r  r e a c t i o n s  a re  t r e a t e d  

in  the  s e r i e s ,  “Organic R e a c t io n s 18 ( l ) .

Miscellaneous Methods. The method of  Rosenmund (100) 

i s  a p p l ic a b le  only to a few compounds. An a c t iv e  aroma­

t i c  halogen compound i s  hea ted  w i th  potassium or  sodium 

a r s e n i t e  in  b o i l i n g  a l c o h o l -w a te r  s o lu t io n .  Sealed tube 

techn iques  a re  sometimes n ecessa ry .  Copper c a t a l y s t s  

have been used. Yields  a re  a s  h igh  as 45$. This method 

i s  an ex tens ion  of the  more g en e ra l  Meyer r e a c t i o n  in  the 

a l i p h a t i c  f i e l d  (75) .

Oxidat ion  of t r i v a l e n t  a r s e n i c  types can lead  to a r ­

son ic  a c id s .  Thus aromatic  a r s l n e s  (RAsHg) may be o x i ­

d ized  to a r so n ic  a c id s  by n i t r i c  ac id ;  arsenoso  compounds 

(RAsO) may be o x id iz ed  w ith  hydrogen perox ide ;  and arseno 

( RAsYAsR) types may be ox id ized  with io d in e .  Aromatic 

d i c h lo r a r s in e s  (RAsClp) may be converted  to the t e t r a ­

c h lo r id e s  w ith  c h lo r in e  gas ,  then  hydrolyzed to give 

a r s o n ic  a c id s .  Since these  t r i v a l e n t  compounds a r e  f r e ­

q uen t ly  syn thes ized  from a r s o n ic  a c id s ,  th e s e  methods a r e  

dec ided ly  l im i t e d  in  a p p l i c a t i o n .

P ro p e r t i e s  of the  a r s o n ic  a c i d s . The a rso n ic  a c id s ,  

as  a c l a s s ,  a r e  w e l l -d e f in e d .  Some may be c r y s t a l l i z e d
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from water ,  but  more o f te n  they a re  water  insoluble, ,  They 

may be p u r i f i e d  through t h e i r  sodium, potassium or am­

monium s a l t s  which a r e ,  as  a r u l e ,  e a s i l y  so lub le  in  water .

As d ib a s ic  a c id s ,  they  can form two s e r i e s  o f  s a l t s  in  many 

ca se s .  The heavy metal  s a l t s  a r e  f r e q u e n t ly  in so lu b le  in 

w ate r .  Arsonic a c id s  g ive  no p r e c i p i t a t e s  w i th  co ld  magnesia 

m ix ture ,  bu t  an in s o lu b le  s a l t  u sua l ly  forms on h e a t in g ,  and 

t h i s  f a c t  has been employed in  the s e p a ra t io n  of a r so n ic  a c id s  

from inorgan ic  a r s e n i c  r e s id u e s .

Some few a r s o n ic  a c id s  have been in v e s t i g a t e d  as 

q u a l i t a t i v e  o r  q u a n t i t a t i v e  p r e c i p i t a t i n g  agen ts  (54 ) .

The a r s o n ic  a c id s  seem to  combine with  and p r e c i p i t a t e  

the q u ad r iv a len t  m e t a l l i c  elements o f  the  f o u r th  p e r io d ic  

group. Both a l i p h a t i c  and aromatic a r so n ic  a c id s  have 

been i n v e s t ig a t e d .  The most widely used a r e  phenyl 

a r s o n ic ,  n -p ropy l  a r s o n ic ,  p-hydroxyphenyl a r s o n ic ,  and 

p-n -bu ty lpheny l  a r s o n ic  a c id s .  Thus, zirconium a lone ,  

or  in  the  p resence  of aluminum, be ry l l ium , bismuth, 

copper,  i ro n ,  manganese, n ic k e l ,  t r i v a l e n t  e a r t h s ,  and 

zinc has been e s t im a ted  with  phenyl a r so n ic  a c id  (96) .  

Zirconium has a l s o  been q u a n t i t a t i v e l y  determined with 

n -p ropy l  a r so n ic  a c i d  (3 ) ,  and w ith  p-hydroxyphenyl 

a r s o n ic  a c i d  (111).  Other a p p l i c a t i o n s  have been made to 

thorium, t i t a n iu m ,  t i n ,  and bismuth. The p r e c i p i t a t e d  

s a l t  i s  not o r d i n a r i l y  weighed as  such bu t  i g n i t e d
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In a i r  o r  a cu r ren t  of  hydrogen to the oxide of  the heavy 

m etal .

The a rson ic  a c i d  group i s  o r d i n a r i l y  f i rm ly  a t ta c h ed  

to the  nucleus,  p e rm i t t in g  n i t r a t i o n  and ha logenat lon  of 

the  r in g  and o x id a t io n  of  s id e -c h a in s .  N itro  groups 

may be reduced to amines ( c a t a l y t i e a l l y ,  o r  w ith  f e r ro u s  

compounds, sodium amalgam, o r  co ld  h y p o s u l f i t e )  keeping 

the  a r so n ic  a c id  group i n t a c t ,  and the  r e s u l t i n g  amino 

group may be d ia z o t l z e d  and rep laced  in  the usua l  manner.

The compounds a re  f a i r l y  s t rong  a c i d s .  Io n iz a t io n  

co n s tan ts  of some of  them have been determined (89) .  

Primary io n iz a t io n  co n s tan ts  a re  of  the  o rd e r  1 x 1CT4 

and secondary co n s tan ts  of  the o rd e r  1 x 10“®. Elec­

t r i c a l  c o n d u c t iv i t i e s  have been in v e s t ig a t e d  in  the 

hope of  f in d in g  some c o r r e l a t i o n  with  pharmacological 

a t t r i b u t e s  (104).

Some a rso n ic  a c id s  have good m elt ing  p o in t s ,  but 

the  m a jo r i ty  of them form anhydrides or  decompose In 

the  course of  h ea t in g .

RAsO^Hg f  RAsOg +  HgO

2. Arsenoso Compounds (A rs ineox ides) $RAsO).

These compounds a r e  most r e a d i l y  p repared  d i r e c t l y  

o r  i n d i r e c t l y  from the  corresponding a r so n ic  a c i d s .  

Arsonic ac id s  can be d i r e c t l y  reduced to the arsenoso 

form by t rea tm ent  w i th  s u l f u r  dioxide in  the  presence 

of  a t r a c e  of hydr iod ic  a c id .  Sulfurous a c id  a lone i s
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2 8 .

slow to a c t ,  tout the  hydrogen iod ide  i s  s a id  to a c t  as  

an in te rm ed ia te  c a t a l y t i c  r eagen t .

RAs03H2 + 2HI  RAsO + 2HgO + I 2

The iod ine  i s  then reduced to HI toy the a c t i o n  of s u l ­

f u r  d iox ide .  Other  reducing agen ts  such as  phenylhy- 

drazine or phosphorous ac id ,  in  a lcoho l  or  e t h e r  medium, 

have toeen employed.

Treatment o f  a r so n ic  ac id s  w i th  phosphorus t r i ­

ch lo r ide  in  i n e r t  so lv e n ts ,  or  w ith  s u l fu r  d iox ide  in  

an excess of  hyd roch lo r ic  a c id ,  transforms them into d i -  

c h lo ra r s in e s  (RAsClg). Hydrolysis  o f  these  compounds 

with d i l u t e  aqueous a l k a l i  or carbonate  g ives  the  de­

s i r e d  arsenoso d e r iv a t iv e s .  Halogen a c id s  reco n v e r t  the 

compounds to the corresponding d ih a lo a r s in e s .  S im i la r ly ,  

red u c t io n  of  the  a r s o n ic  a c id  group w ith  hyd r lod lc  

ac id  g ives  the d i - io d o a r s in e  (RAsIg) which can then toe 

hydrolysed to RAsO. Compounds o f  the type RAsClg can 

also  be made from mercury d i a r y l s  or  a r y l  m ercu r ich lo r -  

ides by t rea tm ent w ith  a r sen ic  t r i c h l o r i d e .

HgR2 +  2AsCl3 — SRAsClg+HgClg 

RHgCl+ AsCl3 — * RAsClg +  HgClg

Hydrolysis ,  aga in ,  i s  the f i n a l  s te p  to the arsenoso 

eompound.

The arsenoso compounds a r e  c r y s t a l l i n e  m a te r i a l s ,  

g en e ra l ly  in so lu b le  in  water,  sp a r in g ly  s o lu b le  in  a l -
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cohcl ,  and more so lu b le  In the  l e s s  p o la r  so lv en ts  l i k e  

benzene. They a re  so lu b le  in  co n cen t ra ted  ac id s  and 

a l k a l i ,  bu t  only s l i g h t l y  so lu b le  in  ammonia or  a l k a l i  

ca rbona tes .  Their  m e l t ing  p o in t s  a re  u su a l ly  more 

t ru s tw or thy  than those  of  the  a r s o n ic  a c id s ,  but  the 

compounds decompose on s t rong  h ea t in g  in to  a r s e n ic  t r i ­

oxide and t e r t i a r y  a r s i n e s .

3 RAsO ——̂  RfjAs "4" ASgOg

3. Arseno Compounds (RAs Z AsR).

Exemplif ied by the  important group of  arsphenamines, 

these  compounds a r e  p repared  by r e d u c t io n  o f  a r so n ic  

a c id s  o r  arsenoso compounds, o r  by coupling  r e a c t io n s  

between primary a r s i n e s  and arsenoso compounds or  d l -  

c h lo r a r s ln e s  to g ive  pure or  mixed arseno ty p es .  Re­

duc t ion  of  a r s o n ic  a c id s  can be done w ith  sodium hypo- 

s u l f i t e  (NagSgp^.) o r  hypophosphorous a c id  (H3P0g). The 

f i r s t  r eagen t  r e q u i r e s  warming, and the r e s u l t i n g  a r ­

seno d e r i v a t i v e  i s  somewhat contaminated w ith  s u l f u r  o r  

s u l f u r - c o n ta in i n g  compounds. N itro  groups p re se n t  in  

the  o r i g i n a l  m a te r i a l  a r e  s im ultaneously  reduced to 

amino groups. Thus, a well-known p re p a r a t io n  of a r s -  

phenamine base invo lves  the  h y p o s u l f i t e  r e d u c t io n  of 

3 -n i t ro -4 -hydroxypheny l  a r so n ic  a c i d  (46, 47) .

Hypophosphorous a c id ,  though more expensive ,  i s  a 

more r a p id  and c l e a n e r  r e a g e n t .  Reduction of  a r so n ic
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a c id s  may proceed in  the cold  or  a t  room tem pera tu re ,  and 

n i t r o  groups a re  l a r g e l y  und is t rubed  ( in  the  absence of 

i o d i d e ) . Other reducing  agen ts  such as stannous ch lo r ­

ide  in  hy d ro ch lo r ic  a c id  or  sodium amalgam in  a lco h o l  

have been used. Both o f  th e se  l a t t e r  r e ag e n ts  a lso  r e ­

duce any n i t r o  groups p r e s e n t .

The red u c t io n  o f  the arsenoso compound to  the  

arseno form i s  e f f e c t e d  by the  same kind of  reagen ts  

as  a r e  employed on a r s o n ic  a c i d s .  The r e a c t i o n ,  however, 

proceeds more q u ick ly ,  and loxv tem peratures  a r e  f e a s i b l e .  

Stepwise r ed u c t io n  of  the  a r so n ic  a c id  to  the arsenoso 

and f i n a l l y  to the  arseno compound o f te n  r e s u l t s  in  

p roducts  of s u p e r io r  q u a l i t y  and p u r i t y .

Condensations o f  aromatic  pr imary amines with  

arsenoso  or  d i c h lo r a r s in e  groups can le a d  to unsymmet- 

b i c a l  arseno m olecules .

RAsHg + R'AsO —>> BAs I  AsR* + HgO

RAsClg +  R'AsHg ------ > RAs -  AsRT +  2HC1

These unsymmetrical compounds can l e s s  s a t i s f a c t o r i l y  

be p repared  by r e d u c t io n  of  mixtures  of  a r s o n ic  ac id s  

o r  arsenoso  compounds.

The arseno compounds a r e  c r y s t a l l i n e  m a te r i a l s  

d i f f i c u l t  to p u r i f y .  They a r e ,  a s  a r u l e ,  in so lu b le  

in  w ater ,  a c id s ,  a l k a l i s ,  o r  common organ ic  s o lv e n t s .  

S o l u b i l i t y  groups may be p re se n t  to a l t e r  such p r o p e r t i e s
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and a r e  necessary  f o r  f a c i l e  m edic ina l  a p p l i c a t i o n .  The 
arseno l inkage  i s  not a s  s t ro n g ly  chromophoric a s  i s  the

analogous a so group and is,, b e s id e s ,  more r e a d i ly  ox i­

d ized .  Oxidation occurs  slowly in  the a i r ,  i s  more 

r a p id  in  s o lu t io n ,  e s p e c i a l ly  in  a l k a l i n e  medium, and 

a v a r i e t y  of chemical o x id iz ing  agen ts  can r e a d i l y  con­

v e r t  them to arsenoso d e r iv a t iv e s  or  a r s o n ic  a c id s .  The 

p resence  of n u c lea r  s u b s t i t u e n t s  g e n e ra l ly  Increases  

the  o x id a t iv e  i n s t a b i l i t y .  The arsphenamines must 

u s u a l ly  be p ro te c te d  from o x id a t io n  by packaging in  an 

i n e r t  atmosphere of  n i t ro g en  or  carbon d iox ide ,  and 

t h e i r  s o lu t io n s  must be used w i th in  a sh o r t  time a f t e r  

p r e p a r a t i o n .  T ox ic i ty  of the mixture  in c re a se s  with 

the  appearance of the  arsenoso compound.

Melting p o in ts  a re  gen e ra l ly  u n s a t i s f a c t o r y  and 

the  compounds decompose on s t rong  h ea t in g  to give t e r ­

t i a r y  a r s in e s  and elemental  a r s e n i c .

3RAs Z AsR — > 2R3AS + 4As

4. Q u a n t i t a t iv e  Arsen ic  Determination.

Estim ation  o f  the  a r s e n ic  c o n te n t ,  fo l low ing  de­

s t r u c t i o n  of the o rgan ic  m a t te r ,  may be g rav im e tr ic  o r  

vo lum e tr ic .  The f i r s t  u su a l ly  invo lves  the  formation  

o f  magnesium ammonium a r s e n a te  which i s  ig n i t e d  to the 

p y ro a rsen a te  and weighed a s  such. In te rm ed ia te  p u r i ­

f i c a t i o n  may involve the  fo rm at ion  o f  a r s e n io u s  s u l ­

f i d e .  Volumetric de te rm ina t ion  involves  e i t h e r  the
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t i t r a t i o n ,  with  s tandard  t h i o s u l f a t e ,  of th e  iod ine  

l i b e r a t e d  when an excess of potassium iod ide  i s  added to 

the a c id  s o lu t io n  of a r s e n ic  a c id ,  o r  the  iod ine  may be 

b o i le d  away and the r e s u l t i n g  a rsen ious  a c id  t i t r a t e d  

with  s tandard  iodine in  a sodium b ica rbona te  b u f fe r .  

E lec t ro m e t r ic  t i t r a t i o n  using s tandard  broraate solu­

t io n s  has been employed with  e x c e l l e n t  r e s u l t s  ( 22).

Oxidative decomposition of the sample i s  the  p re ­

l im in a ry  opera t ion  in  any event.  This may Involve 

fu s ion  of the weighed sample in  dry o x id a t io n  mixtures 

such as sodium perox ide ,  or  potassium n i t r a t e  (70 ,72,77,  

86 ,90 ,113) .  Such f u s i o n - i n - a i r  procedures a r e  sa id  to 

give low r e s u l t s  because of lo s s e s  due to v o l a t i l i z a t i o n .  

In s tea d ,  an ac id  t rea tm en t  may be used fo r  decomposit ion. 

This may ta k e  the form of  the  usual KJeldahl s u l f u r i c  

ac id -po tass ium  s u l f a t e - c o p p e r  s u l f a t e  mixture (48,68,84) 

o r  the  s u l f u r i c  a c id  may be combined with  a more v igo r ­

ous o x id iz in g  agent such as fuming n i t r i c  a c id ,  ammon­

ium p e r s u l f a t e ,  or  potassium permanganate (4 9 ,5 9 ,7 1 ,7 4 ,9 9 ) .  

A r e c e n t  review and eva lua t ion  of these  methods was made 

by Banks, S u l tzabe rge r ,  Maurina, and Hamilton (4 ) .

The method used by us i s  a m od if ica t ion  of t h a t  

of  Robertson (98) and i s  as  fo l low s .  A 0 .2  gram sample 

i s  d ig e s ted  in  concen tra ted  s u l f u r i c  a c id  (6  m l . )  and 

fuming n i t r i c  (2 ml.)  a t  a temperature of 250°G. in  a 

small Erlenmeyer f l a s k  (125 ml.)  f o r  1-f hours .  An
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a d d i t i o n a l  1 ml, p o r t io n  of  fuming n i t r i c  i s  added to 

the s l i g h t l y  cooled m a te r i a l  and h e a t in g  i s  cont inued 

fo r  an a d d i t i o n a l  h a l f  hour.  The sample should be n ea r ly  

c o l o r l e s s  a t  t h i s  s ta g e .  An a d d i t i o n a l  n i t r i c  a c id  

t rea tm en t  may be necessa ry .  A one gram p o r t i o n  of  am­

monium s u l f a t e  i s  added to d es t ro y  the oxides of n i t r o ­

gen, and the  sample i s  c a u t io u s ly  d i l u t e d  w i th  water  to 

about 70 ml.

One gram of potassium iod ide  i s  now added with  one 

or  two b o i l i n g  s to n e s .  A c lean ,  empty drying tube i s  

clamped a g a in s t  th e  mouth of  the  Erlenmeyer f l a s k  with 

the  small  end of the  tube doxyn and the bulb f i t t i n g  

c lo s e ly  to the  rim o f  the  f l a s k .  The s o lu t io n  i s  eva­

p o ra te d  to 40 ml. to d r ive  o f f  most o f  the  io d in e ,  and 

the l i g h t  yellow co lo r  i s  des t royed  by c a r e f u l  a d d i t io n  

of  0 .02  normal t h i o s u l f a t e ,  and d i l u t e d  qu ick ly  to 70 ml. 

w ith  w ate r .  The s o lu t io n  i s  then poured in to  a 500 ml. 

Erlenmeyer f l a s k  co n ta in in g  10 grams o f  sodium carbon­

a t e  and 50 ml. of  d i s t i l l e d  w ate r .  An a d d i t i o n a l  5-7 

grams of  sodium b ic a rb o n a te  and 2 ml. of s t a r c h  so lu­

t i o n  a re  added and the  whole i s  t i t r a t e d  w i th  s tandard  

iod ine  s o lu t io n .  No b lanks  a re  necessary .
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I I I .  FLUORENE A R SEN ICA LS.

c\ ^ C H

\ /
Fluorene

The hydrocarbon F luorene ,  whose s t r u c t u r a l  form­

u la  and accepted  numbering system i s  given above, was 

i s o l a t e d  by B e r th e lo t  from crude an th racene  o i l  in  

1867 (13 ) .  I t  was named by him to suggest the  b e a u t i ­

f u l  f lu o re scen ce  shown by the compound, e s p e c i a l l y  in  

s o lu t io n .  The m olecular  formula, C]_3H]_o> was es tab ­

l i s h e d  by B a rb ie r  ( 6 ) and i t s  s t r u c t u r e  f i n a l l y  e l u c i ­

da ted  by F i t t i g  and Schmitz (53) .  I t  i s ,  a t  p r e s e n t ,  

a v a i l a b l e  in  95$ p u r i t y  as  a coal t a r  f r a c t i o n .

Fluorene i s  a c o l o r l e s s  s o l i d  of m elt ing  p o in t  

114 C. and b o i l i n g  p o in t  2983C ( 760mm.).  I t  can be 

o x id iz ed  by dichromate and a c e t i c  a c id  to the  keto com­

pound f luorenone (65) .  Fluorenone, then,  may be sub­

sequen t ly  reduced to f lu o re n o l  with zinc dus t  and a l ­

k a l i  (119) or  sodium amalgam and a lco h o l  ( 5 ,2 5 ) .  Thus, 

th re e  s e r i e s  of c l o s e ly  r e l a t e d  compounds a r e  a v a i l ­

ab le  f o r  s y n th e s i s .

Fluorenone Fluorenol
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N i t r a t i o n  of f lu o ren e  w ith  co ncen tra ted  n i t r i c  

a c id  in  g l a c i a l  a c e t i c  a c id  g ives  3 - n i t r o f lu o r e n e  (14) 

which can be ox id ized  with sodium dichromate to the 

corresponding n i t r o f  luorenone (30) ,  o r  reduced xvith 

a lco h o l ,  zinc dus t ,  and calcium ch lo r id e  to 2-amino- 

f lu o re n e  (14).  N i t r a t i o n  with  fuming n i t r i c  a c id  gives 

a mixture of  2 ,7 -  (66$) and 2 ,5 -  (22$) d i n i t r o f l u o -  

renes  (2 ) .  These, s i m i l a r ly ,  can be converted by ox­

id a t io n  with  chromic a c id  to f luorenones  (30,82) or r e ­

duced to the  diaminofluorenes w i th  zinc dust  and a lco h o l .

N i t ro f luo renones  may, in  g en e ra l ,  be reduced to 

aminofluorenones w i th  ammonium s u l f id e  (10,30) o r  amino- 

f lu o re n o ls  w ith  zinc dust and ammonia (26) .

D irec t  c h l o r in a t io n  with  chloroform as  so lven t  

gives a mixture of 2-chloro  and 2 ,7 -d ic h lo ro f lu o re n e s  (63) 

while good y ie ld s  of 2- c h lo ro f lu o re n e  can be ob ta ined  in  

benzene s o lu t io n  us ing  an iod ine  c a t a l y s t  (18) .  I n d i r ­

e c t ly ,  2 -ch lo ro f lu o re n e  may be ob ta ined  through Sand- 

meyer r e a c t io n  on the  2-amino compound (28).

S im i la r ly ,  bromlnat ion g ives  2-bromo and 2 ,7 - d i -  

bromofluorenes (24 ,115) .  And, i n d i r e c t l y ,  the  2-brome 

compound i s  p repared  through the  diazo s a l t  (27) .  

Bromination in  u l t r a - v i o l e t  l i g h t  g ives l a r g e l y  the 

9-bromo d e r iv a t iv e  (103).

The compounds 2 - iodofluorene  and 2 - f lu o ro f lu o re n e
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a r e  made by diazoniura r e a c t io n s  on the corresponding 

amines, the l a s t  invo lv ing  the p re p a ra t io n  of the f lu o -  

b o ra te  (11 ,26) .

Su lfona t ion  g ives  f i r s t  the 2-compound and then 

2 , ? - f lu o re n e  d i s u l fo n ic  a c id .  Q u an t i ta t iv e  y ie ld s  of 

the  2- s u l f o n i c  a c id  can be ob ta ined  in  a c e t i c  anhydride 

as  so lven t  (6 ) .  The 2 ,7 - d i s u l f o n ic  a c id  i s  ob ta ined  by 

the  a c t io n  of con cen tra ted  s u l f u r i c  a c id  a t  95 C. (108).

The F r i e d e l - C r a f t  r e a c t io n  can be run normally on 

f lu o re n e .  Acetyl c h lo r id e  with anhydrous aluminum 

ch lo r id e  can be made to y i e ld  2 - a c e ty l  o r  2 ,7 - d i a c e ty l -  

f luo rene  (93) and s im i l a r  r e a c t io n s  w ith  benzoyl ch lo r ­

ide or benzyl c h lo r id e  y ie ld  corresponding compounds (55 ,57 ) .

These are the main s u b s t i t u t i o n  r e a c t io n s  of  f lu o re n e .  

More ex tens ive  d isc u s s io n s  of f lu o ren e  chemistry  can be 

found in  ex tan t  review a r t i c l e s  (26 ,97) .

I t  w i l l  be n o t ic e d  th a t  in  a l l  of  the cases men­

t io n e d ,  s u b s t i t u t i o n s  of  one r in g  w ith  a group in  the  

2- p o s i t i o n  d e a c t iv a te s  the r in g  so t h a t  the second e n t e r ­

ing group takes the  7 -p o s i t io n  ex c lu s iv e ly  except in  the  

case of n i t r a t i o n  when the 5 - p o s i t io n  i s  a l s o ,  bu t  to a 

l e s s e r  ex ten t ,  a t t a c k e d .

This tendency f o r  a second en te r in g  group to lo c a t e  

I t s e l f  on the  unoccupied group i s  a l so  s t r o n g ly  in 

evidence In the f luorenone s e r i e s .  For example, n i t r a t i o n
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of f luo renone -4 -ca rboxy l ie  a c id  g ives  l a r g e l y  the  7~ 

n i t r o  compound w ith  some small amount of the  5 - n i t r o  (78)=. 

The a c t io n  of s u l f u r i c  a c id  a t  250-260^0. on f luorenone 

g ives  2 ,7 - d i s u l f o n ic  a c id  (109).  2 ,7 -d ich lo ro f lu o ren o n e  

can he made from f luorenone  w i th  c h lo r in e  and a t r a c e  

o f  iod ine  in  chloroform (58),  while the  2,7-dlbromo 

compound can be made by the a c t io n  of excess bromine 

on f luorenone (107) .  S im i la r ly ,  2 , 7 -d in i t r o f lu o re n o n e  

r e s u l t s  from the a c t i o n  of b o i l i n g  n i t r i c  a c i d  (d. 1.52) 

on f luorenone (108),

This f a c t  o f  s t ro n g  d e a c t iv a t io n  of one r i n g ,  

e s p e c i a l ly  in  the  case of a meta d i r e c t i n g  group, but 

even f o r  o r th o -p a ra  d i r e c t i n g  groups,  w i l l  be of  im­

por tance  l a t e r  in  th e  d isc u ss io n  o f  c e r t a i n  s t r u c t u r e  

p ro o fs .

Now, no a r s e n i c  compounds o f  f lu o re n e  were re p o r te d  

in  the  l i t e r a t u r e  p rev ious  to 1931. In t h a t  yea r ,  a pa­

p e r  by C is lak  and Hamilton (23) desc r ibed  the  p rep a ra ­

t i o n  of th re e  compounds of f lu o re n e  in  xyhich the  a r s o n ic  

a c id  group occupied the  2 - p o s i t io n  in  the  molecule.  The 

f i r s t  of  the se ,  f lu o re n e - 2 -a r s o n ic  a c id  ( I ) ,  was made 

through the  Bart r e a c t i o n  of 2-aminofluorene x^ith a 

y i e l d  of 19$. The second compound, f lu o re n o n e -2 -a rs o n lc  

ac id  ( I I ) ,  was made in  21.5$ y i e l d  by e s s e n t i a l l y  the 

same r e a c t i o n  on 2-aminofluorenone. The t h i r d  compound
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was made through a s e r i e s  of r e a c t io n s  s t a r t i n g  w ith  

2 , 7 - d i n i t r o f l u o r e n e . This was h a l f - r e d u c e d  w ith  ammo­

nium s u l f i d e  to 2 -am ino--7 -n i t ro f luo rene , the  amino group 

was then p r o te c te d  by a c e t y l a t i o n ,  and the  compound 

was then reduced w ith  zinc du s t ,  a lc o h o l  and calcium 

ch lo r id e  to 2 -ace tam ino-7-am inofluorene .  Reaction of  

the diazo s a l t  of  t h i s  w ith  sodium a r s e n i t e  in  the  usual  

Bart  r e a c t io n  gave a very  low y i e l d  (2.5$) o f  2 -a e e t -  

am in o - f lu o ren e -7 -a r so n ic  a c id  ( I I I ) .

Analyses f o r  a r s e n i c  were g iven ,  hut  no m e l t in g  p o in t s .  

No mention was made o f  th e  p o s s i b l e  m edic ina l  use of 

these  f luo rene  a r s e n i c a l s ,  and no e v a lu a t io n  o f  t h e i r  

th e ra p e u t i c  p r o p e r t i e s  was g iven .

In the  same y ea r ,  Morgan and Stewart  (79) r e p o r te d  

a s im i la r  s y n th e s i s  o f  f l u o r e n e - 2- a r s o n ic  a c i d  and
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fluorenone~»2-arsonic a c id .  The compounds 2 - f lu o re n y l -  

d i c h lo r a r s in e ,  2- a r s en o so f lu o ren e ,  the corresponding 

compounds of f luorenone ,  and the  semicarhazone of f l u o r ­

enone- 2 -a rson lc  a c id  were b r i e f l y  d esc r ib ed .  The sodium 

s a l t s  of  the  a r s o n ic  ac id s  I  and I I  were t e s t e d  f o r  t h e r a ­

p e u t i c  a c t i v i t y  on trypanosoma equiperdum and found to 

have minimum l e t h a l  doses (M.L.D.) of  0.25 mgs. and 1.0 mg. 

r e s p e c t iv e ly  f o r  20 grams of mouse. No th e ra p e u t i c  

( c u r a t iv e )  a c t i o n  was found even in  maximum doses.

Also p repared  was the compound 7-aminofluorenone- 

2 -a rso n ic  a c id  (IV) by n i t r a t i o n  of f lu o ren o n e -2 -a r -  

sonic a c id  fol lowed by fe r ro u s  hydroxide red u c t io n  to 

the amine. No proof  of s t r u c t u r e  was given here  and 

r e a c t io n  was merely assumed to follow analogous n i t r a ­

t io n s  in  the  f luorenone  s e r i e s .  The sodium s a l t  of  t h i s  

a r so n ic  a c id  showed a M.L.D. of  25 mgs. and a s l i g h t  

t h e r a p e u t i c  a c t i o n  in  maximum doses.

Reaction of  a r so n ic  a c id  IV with  a c e t i c  anhydride,  

c h l o r a c e t i c  a c id ,  and ch loracetam ide ,  gave compounds

IV
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V, VI, and VII t a b u la te d  below with  t h e i r  th e ra p e u t ic  

va lues .

I t  w i l l  be no t ic ed ,  as  expected from s im i la r  ob­

s e rv a t io n s  in  the  benzene s e r i e s ,  t h a t  the in t ro d u c t io n  

of  the amino group in  the 7 -p o s i t i o n  (corresponding to 

the  para p o s i t i o n  in  the  case of  benzene compounds) 

lowers the t o x i c i t y  of the  f lu o re n e  a r s e n i c a l s .  The 

compound 7 -ace tam inofluorenone-2-a rson ic  a c i d  (IV) w ith  

a r a t i o  of minimum l e t h a l  to minimum c u r a t iv e  dose 

( th e r a p e u t ic  index) of  1 .5  shows some promise.

In a second paper  (80),  Morgan and Stewart des­

c r ib ed  the p re p a ra t io n  of s e v e ra l  s e r i e s  of  compounds

COOHCHoNH

V
M.L.D. 15mg. 
M.C.D. lOmg.

VI
M.L.D. 50mg.
M.C.D. a c t io n  only in  

maximum doses.

NH COCH N H - / SV-CO

VII
M.L.D. 30mg.
M.C.C. a c t i o n  only in  

maximum doses.
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based on the  7-aminofluo renone-2 -a rson ic  a c i d .  A rsen i­

c a l s  of the  type

RNHOOCHgNH- -AsOgHg

were p repared  in  which R was su c ce s s iv e ly  methyl (CH3- ) ,  

phenyl (CgHg-) and p-acetophenonyl (CHg.CO.CgH4- ) . A l l  

were p repared  by the  Jacobs and H eide lberger  method (67,69) 

us ing  the  proper  ch loracetamide d e r iv a t iv e  in  a l k a l i n e  

medium. The sodium s a l t s  of th e se  g ly c in e  amide de­

r i v a t i v e s  were aga in  t e s t e d  f o r  t ry p an o c id a l  a c t io n ,  the 

methyl compound showing a M.L.D. o f  20 mg. and a s l i g h t  

c u r a t iv e  power, the  phenyl compound having l i t t l e  o r  

no v a lu e ,  and the  acetophenonyl d e r iv a t iv e  g iv ing  a 

M.L.D. o f  more than 50 mg. and no in d i c a t io n  of  cu r in g .

A second s e r i e s  of compounds of the  form

was in v e s t i g a t e d  in  which the  compound R i s  CH^- had 

a l re a d y  been p repared .  By r e a c t i o n  of th e  correspond­

ing a c id s ,  anhydrides ,  o r  a c id  c h lo r id e s  w i th  7-amino- 

f lu o re n o n e -2- a r s o n ic  a c id ,  four  compounds were prepared

RCONH

V " —
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in which R was respectively H, ethyl (C2H5- ) ,  n-propyl 

{GHgCHgOHg—) j and phenyl (CgHg-). I t  was observed tha t  

curative powers are  manifested when R is  Hs a t t a in s  a 

maximum when R is  CHg-, and decreases rapidly  when R is  

s t i l l  fu r the r  lengthened. No curative power is  present 

when R i s  phenyl. The therapeutic r e su l t s  are tabulated 

(sodium sa l t s  on t r .  equloerdum. mgs. per 20 grams of 

mouse.

R M.L.D. M.C.D.

H 20 20

ch3- 15 10

CH„CH0-  0 2 5 5

CHjjCHgC&g-- 1 n i l

CrHk- 20 n i l

A th i rd  ser ies  of compounds of the subst i tu ted  

urea type was described.

Arsenicals were prepared in which R is  H, CH^-, CgHg- 

(phenyl). The simple carbamido compound (R i s  H) in 

the form of i t s  sodium s a l t  gave a favorable therapeutic 

reac t ion  with a M.L.D. of 30 and a M.C.D. of 15. The 

other  two compounds were e s sen t ia l ly  non-curative. All
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of thess were prepared from 7-aminofluorenone-2-arsonic 

acid in a lkal ine  medium through the ac t ion  of potassium 

cyanate or the corresponding carbiraides (CH„NCO, GgH^NGO)

In th is  paper, also, was described the preparation 

of 7-hydroxyfluorenone-2-arsonic acid (VIII) by d ia so t i -  

zatlon and hydrolysis of the 7-amino compound. Acetyla- 

t ion  with ace t ic  anhydride gave 7-acetoxyfluorenone-2- 

arsonlc acid (IX). The sodium sa l t s  of these showed 

comparatively good curative action with the folloxtfing 

re su l t s :
0

H0- C O - / \ - A s O ^ H CHt COy  ̂'N^CO'-v.^N.-AsOgHg

\ /  \ /

V I I I

M.L.D. 10 
M.C.D. 5

IX

M.L.D.
M.C.D.

6
3

There were described, besides, the preparation of 

three disappointingly ineffec t ive  compounds, the f i r s t  

(X) prepared from 7-amlnofluorenone-2-arsonic acid and 

carbonyl chloride, and the other two (XI and XII) by the 

action of oxalic acid.

H gO gA s— 00 v ^ \ - S H C O N H - / ’\ ^  0 O - / \  -A s03Hg

V '

f
\ /

X
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OOOH-CONH- ■GO

XI

0 0 
II II

H2° 5a s - / \ ' 0 0  - , / \ - N H - C - C - N H -  tx A V G 0' Y / \ - A s 0 3 h 2

\ /

XII

In a  t h i r d  paper (81),  Morgan and Stewart  i n v e s t i ­

ga ted  more f u l l y  the  u re ides  corresponding to  the fo l low­

ing type .

RNHGONHCOCHgNH-, C 0 ^ / \ - A s 0 3 H2

These were prepared  from 7-am inof luorenone-2-arsonic  

a c id ,  sodium io d id e ,  sodium hydroxide and the  correspond­

ing ch lorcarb im ides  (ClCHg»CO»KH*CO»NHR). An inc rease  

in  the leng th  of  chain R r a p id ly  des t roys  the  therapeu­

t i c  value of the compounds as  can be seen from the fo l lo w ­

ing t a b u la t io n .

R M.L.D. M.C.D.

H 10 6

ch3- 10 in a c t i v e

C6H5“ 10 only s l i g h t l y
a c t i v e
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A b e t t e r  r e s u l t  was bad from the a c t i o n  of  c h l o r a c e t -  

amide on the 7-hydroxy a r so n ic  a c id  to  give 7-carbamyl-  

methoxyfluorenone-2-arsonic  a c id  (XIII)  w ith  a M.L.D. of  

50 and a M.C.D. of  10.

In t h i s  l a s t  paper ,  the I n v e s t i g a t i o n  of  f l u o re n o l  

a r s e n i c a l s  was a l s o  desc r ibed  (XIV). The 7 -am inof luoreno l-  

2- a r s o n ic  a c id  was bb ta ined  by c a t a l y t i c  r ed u c t io n  with 

hydrogen and p la t inum  of  7-aminoflu o renone -2 -a rson ic  a c id .  

By r e a c t io n s  a l r e a d y  given, compounds were made in  which 

R i s  -C0CH3, -CHgCONHg, -CONHg, -C0NHCH3 , and -C0NHC6H5 . 

These were eva lua ted  a s  below:

0
II

NHgCCHgO RNH-

H OH

C ^ / \ - A s 0 3H2

XIII XIV

R

H

-coch3

-C H gC O N H g

-C O N H g

-CO NH CH g

-conhc6h5

M.L.D.

9

30

30-50

15-30

12.5

12-20

M.C.D.

c u r a t iv e  in  maximum 
doses

15

12.5

some in  max. doses

s l i g h t

s l i g h t

The above compounds complete the t a b u l a t i o n  of  

f lu o re n e  a r s e n i c a l s  a l ready  descr ibed  in  l i t e r a t u r e ,
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In  summary, the  most encouraging compounds so f a r  

uncovered a r e  l i s t e d  in  Table V.

TABLE V

Compound

7-ace  taminofluorenone-S-  
a r s o n ic  a c id

7-carbam idofluorenone-2-  
a r s o n ic  a c i d

7-hydroxyfluorenone-2-  
a r s o n ic  a c id

7-ace toxy f luo renone-2 -  
a r s o n ic  a c id

7-  ca rbamy lm e tho xy f  1 uor e-  
none-2- a r s o n i c  a c id

7-acetam lnof  luoreno 1-2-  
a r s o n ic  a c i d

7-g ly c in eam id o f lu o ren o l -  
2- a r s o n i c  a c i d

M.L.D. M.C.D. Index 

15 10 1 ,5

30 15 2

10 5 2

6 3 2

30 10 3

30 15 2

30-50 12 .5  2 .5 -4

Obviously, then^ the  f lu o re n e  a r s e n i c a l s  thus f a r  

p repared  o f f e r  l i t t l e  in  the  way of u s e fu l  drugs. Thera­

p e u t i c  indexes should have a minimal va lu e  of  6 to 8 to 

be s a f e ly  employed. Yet, a t  l e a s t ,  a c t i v i t y  in  some of  

them i s  f a i r l y  pronounced and, in  view of  the  f a c t  t h a t  

only two r e l a t i v e  p o s i t i o n s ,  the 2 and 7, have been ex­

p lo red ,  f u r t h e r  r e s e a r c h  i s  w arran ted .  The 2,7 p o s i t i o n s ,  

viewed a s  s u b s t i t u e n t s  of  the b iphenyl  system, correspond 

to th e  extended p a ra ,  a form t h a t  would seem to o f f e r  the
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most l i k e l y  s t r u c t u r e  type in  view of the  corresponding

CCL

2. -AsOgHg

benzene ana logs .  Regarded a s  benzophenone d e r iv a t iv e s ,  

the  r e l a t i v e  p o s i t i o n s  become rneta in  c h a r a c t e r , Undoubt—

edly ,  the  th e ra p e u t ic  va lues  of  va r io u s  s u b s t i t u t e d  b i ­

phenyl and benzophenone a r s e n i c a l s  might here  suggest 

what types should be next a t tem pted .  But the  l i t e r a t u r e  

i s  meager on the  s u b je c t  o f  a r s e n i c a l s  of th e se  two p a ren t  

compounds. I t  may be t h a t  the extended para  p o s i t io n  

through the  benzophenone p o r t i o n  o f  f luo renone ,  c o r r e s ­

ponding to  the 3 ,6  s e r i e s ,  w i l l  t u r n  ou t  to o f f e r  most.  

Easy en trance  in to  these  p o s i t i o n s  of  the  f lu o re n e  sys­

tem i s  not ye t  p o s s i b l e .

A f i n a l  c o n s id e ra t io n  must be made. I t  has been 

shown (121) t h a t  c e r t a i n  of  th e  f lu o re n e  d e r iv a t iv e s  

possess  ca rc inogen ic  q u a l i t i e s .  I t  might be of  i n t e r e s t  

to  determine i f  f lu o re n e - 2- a r s o n i c  a c id ,  l i k e  2- a c e t y l -  

f lu o re n e ,  possesses  such a c t i v i t y .  Very few a r s e n i c a l s

X ASO3H2
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4 8 .

have been eva lua ted  ca rc in o g e n ica l ly  as  y e t ,  and such 

eva lua t ion  would be l im i te d  to compounds f a i r l y  innocuous 

from the s tandpo in t  of a r s e n ic  c o n te n t .  In  any event,  

even should these  f lu o re n e  a r s e n i c a l s  show tendencies  

toward cancer  form ation ,  i t  i s  extremely doub tfu l  

whether such a c t io n  would p r o h ib i t  use of  them as a r ­

s e n i c a l s .  The course  of  a r s e n ic  t rea tm en t  i s  shor t  in 

comparison w ith  t h a t  requ ired  f o r  p o s i t i v e  carc inogenic  

a c t i v i t y .
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I V .  NEW FLUORENE ARSENICALS

A, General D iscuss ion .

The nextf a r s e n i c a l s  p repared  by us a r e  a l l  of them 

f luorenone  d e r i v a t i v e s .  Some ex tens ion  of  the  2,7 de r iv a ­

t i v e s  was f i r s t  made, b u t  the  major p o r t i o n  of  the  work 

ce n te red  about the newly p repared  paren t  a r s e n i c a l s  

f lu o ren o n e -4 -a rso n ic  a c id  and f lu o re n o n e -1- a r s o n lc  a c id .  

F in a l l y ,  the Bechamp type r e a c t i o n  was a t tem p ted  on th r e e  

f luorenone amines: 2-amInofluorenone, 4-aminofluorenone, 

and 1-aminofluorenone. The a v a i l a b i l i t y  o f  th e s e  amines 

was the g r e a t e s t  f a c t o r  in  determining  choice o f  new de­

r i v a t i v e s .  The p r e p a r a t io n  o f  th e se  new compounds w i l l  

be descr ibed  in  t h i s  o rd e r .

1 .  D er iva t ives  of f lu o re n o n e -2 -a rs o n ic  a c i d .

The compound 2-aminofluorenone was p repa red  by 

methods a l ready  d esc r ib ed  in  the l i t e r a t u r e .  D irec t  

n i t r a t i o n  of  f lu o re n e  to g ive  2 - n i t r o f lu o r e n e  (14), 

fo llowed by o x id a t io n  of  the  n i t r o  compound to 2- n i t r o -  

f luorenone (30),  and red u c t io n  of t h i s  to 2-amino- 

f luorenone was r e a d i l y  accomplished in  good y i e l d .

We have made some improvement in  the l a s t  r e d u c t io n  

o p e ra t io n ,  using sodium sulfide-ammonium chloride-am - 

monium hydroxide in  an a lc o h o l  medium and the  d e t a i l s  

a r e  given in  the  experimenta l  s e c t io n .  For t ransfo rm a­

t i o n  of  t h i s  compound to the  corresponding a r s o n ic
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ac id ,  the S c h e l le r  m o d if ic a t io n  of  the  Bant r e a c t i o n  was 

s u c c e s s fu l ly  employed. D la z o t iz a t io n  of the amine in  

acetone  fo l lowed by decomposit ion w ith  an excess  of a r ­

sen ic  t r i c h l o r i d e  and a c a t a l y t i c  amount o f  cuprous 

ch lo r id e  gave y i e ld s  of  product which c o n s i s t e n t l y  bor­

dered on 40%. The B ar t  r e a c t io n ,  using an aqueous a l ­

k a l in e  a r s e n i t e  medium, g en e ra l ly  ^.ve y i e l d s  some 20% 

lower. Use of  ace tone  as the  s o lv e n t  medium f o r  the 

S c h e l le r  m o d if ic a t io n  appears to be an Innova t ion ,  f o r  

no mention of i t s  use in  t h i s  r eg a rd  was d e s c r ib ed  in 

the l i t e r a t u r e .  The more usual so lv e n ts ,  e thano l  and 

g l a c i a l  a c e t i c  a c id ,  gave poorer  r e s u l t s ,  e s p e c i a l l y  in  

the case of a c e t i c  a c i d .  Attempts to vary the  cond i t ions  

o f  the p re p a ra t io n  o r  the m o le - ra t io  of  the r e a c t a n t s  

f a i l e d  to improve the  y i e ld  f u r t h e r .

F luo renone-2 -a rson ic  a c id  was then n i t r a t e d  with 

fuming n i t r i c  a c i d - s u l f u r i c  a c i d  to  g ive  the  7 - n i t r o  

compound, and t h i s  tiras reduced to th e  corresponding 

amine w ith  a l k a l i n e  f e r ro u s  hydroxide acco rd in g  to the  

methods of  Morgan and Stewart  (79 ) .  A nalys is  f o r  a r s e n ic  

wherever p o s s ib le  gave c lose  to the  t h e o r e t i c a l  va lues .

A sample of  7-am ino f luo renone -2 -a rson ic  a c i d  was 

transformed in to  the  f i r s t  o f  the  new compounds by add­

ing a water  s o lu t io n  of the sodium s a l t  co n ta in in g  sod­

ium n i t r i t e  to a co ld  so lu t io n  of s u l f u r i c  a c i d .  The
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diazonium solution so obtained was then decomposed in 

regular  Bart fashion by addition to an a lka l ine  arsen- 

i t e  copper sulfate aqueous mixture. Puri f ica t ion  of the 

insoluble material obtained by ac id i f ic a t io n  gave a 

l ig h t  yellow-brown material xhiich analyses correct ly ,  

a f t e r  pu r if ica t ion ,  for  fluorenone-2,7-diarsonic acid 

(I) in 67$ yield.  Pur i f ica t ion  was made through the 

sodium s a l t .  The compound is  somewhat soluble in hot 

water and g lac ia l  ace t ic  acid. The strongly acid

I

character of the compound was Indicated by the rapid 

effervescence when placed in d i lu t e  sodium bicarbonate 

solut ion a t  room temperature. The mono-arsonic acids of 

the fluorenone se r ie s  reac t ,  in general,  much more mildly 

under the same conditions.

A second portion of 7-amlnofluorenone-2-arsonic 

acid was transformed into the corresponding arseno com­

pound by warming a suspension of i t  in  g lac ia l  ace t ic  

acid with an excess of hypophosphorous acid. The compound 

was converted into the double hydrochloride and analysed 

for arsenic  as such ( I I ) .  The product, a l ig h t  brown
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5 2 .

I I

powder, was extremely s e n s i t i v e  to  ox id a t io n ,  tu rn ing  

dark on exposure to  a i r ,  e s p e c i a l ly  when wet w ith  water 

o r  o rganic  so lv e n ts .  I t s  a r s e n ic  content diminished on 

s tand ing ,  in d ic a t in g  t rans fo rm at ion  to oxygenated com­

pounds. The s o l u b i l i t y  in  water  o r  In common organic  

so lven ts  as the f r e e  base or hydrochlor ide  i s  very 

l im i te d .  Treatment o f  the hydroch lor ide  w i th  d i l u t e  

a l k a l i  l i b e r a t e d  the  yellow-brown di-amine. D iazo t iza -  

t io n  of the amine followed by coupling with b e ta -n ap h th o l  

in  sodium a c e t a t e  s o lu t io n  gave a b r ig h t  red  c o lo ra t io n  

i n t e n s i f i e d  by the  a d d i t i o n  of  some a lc o h o l .  No o th e r  

arseno d e r iv a t iv e  In t h i s  s e r i e s  has been r e p o r te d .

2. D er iva t ives  of  f lu o re n o n e -4 -a r sonic a c id ,

a .  P re p a ra t io n  of  4-aminofluorenone.

Recorded methods e x i s t  f o r  the  sy n th e s is  o f  4-amino- 

f luorenone s t a r t i n g  with  phenanthrene. Phenanthrene was 

o x id ized  in  the  u sua l  manner (116) to phenanthraquinone 

using concen tra ted  s u l f u r i c  a c id  and sodium o r  potassium
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dichromate and p u r i f i e d  through i t s  so lub le  b i s u l f i t e  

a d d i t i o n  compound. Oxidation o f  phenanthraquinone to 

d iphenic  a c id  (b ip h e n y l -2 , 2!- d ic a rb o x y l i c  a c id )  can be 

done in  a v a r i e ty  o f  ways. Use of  sodium dichromate (116) 

o r  chromic anhydride (52) i s  common. A method employing 

a l k a l i n e  permanganate (19) has been desc r ibed .  A f te r  much 

experim enta t ion  w i th  cond i t ions  and v a r i e t i e s  of a l k a l i n e  

media, the  permanganate method has been used by us to 

g ive easy and rep ro d u c ib le  convers ion ,  the d e t a i l s  f o r  

which w i l l  be found in  the experimenta l  s e c t io n .  Alka­

l i n e  o x id a t io n  of phenanthraquinone may seem to be a l e s s  

d e s i r a b l e  procedure inasmuch as  the  b e n z i l i c  a c id  r e ­

arrangement of the compound to b iphenylene g l y c o l l i c  a c id  

in  d i l u t e  aqueous a l k a l i  a l lows o f  two concurren t  r e ­

a c t i o n s .  D irec t  o x id a t io n  o f  phenanthraquinone y ie ld s  

d iphenic  a c id ,  bu t  o x id a t io n  o f  the  rea r ranged  compound 

r e s u l t s  in  f luo renone .

COOH COOH

W * \ ,

PH to )  
-COOH ---->■ CO
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Having s tu d ied  the  e f f e c t  o f  va r ious  tem pera tu res  

and t imes o f  r e a c t i o n ,  and a h o s t  of a l k a l i n e  r eag en ts  

(sodium ca rbona te ,  sodium b ic a rb o n a te ,  va r io u s  sodium 

and potassium phosphates ,  sodium and potassium hydrox­

id e s ,  sodium a c e t a t e ,  e t c . ) ,  i t  was f i n a l l y  d iscovered  

th a t  barium hydroxide in  s u i t a b l e  c o n c e n t r a t io n  a f fo rd e d  

the  p ro p er  medium f o r  good convers ion  to the  d e s i r e d  

p ro d u c t .  The advantage o f  the method i s  the  form ation  of  

d iphenic  a c id  in  good y i e l d  (65-70$),  o f  h igh p u r i t y ,  in  

a s h o r t  time (2-3 h o u r s ) .

Diphenic a c id  i s  r e a d i l y  converted  w ith  co n c en t ra te d  

s u l f u r i c  a c id  a t  140°C. to f lu o re n o n e -4 -c a rb o x y l lc  a c id  

( 66) ,  and t h i s  can be transformed in to  the  a c id  ch lo r id e

with phosphorus p e n ta c h lo r ld e  (61) ,  then in to  the  amide 

by t rea tm en t  with ammonia and f i n a l l y  in to  the cor­

responding amine by a Hofmann hypobromite r e a c t i o n  ( 66 ) .  

Conversion of  the a c i d  to a c id  ch lo r id e  can r e a d i l y  be 

accomplished a l so  w ith  th io n y l  c h l o r id e .  The d e t a i l s  f o r  

t h i s  m o d if ic a t io n  a r e  inc luded  in  a l a t e r  s e c t io n .  Trans­

fo rm ation  of  the  a c id  c h lo r id e  to  the  amide was done in  

most cases  with aqueous ammonium hydroxide.

0
II

COOH
COOH
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b. P rep a ra t io n  of  f lu o re n o n e -4 -a r sonic a c id .

This new p a ren t  a r s e n i c a l  ( I I I )  was prepared  from 

the amine by* a modified S c h e l l e r  r e a c t io n  c a r r i e d  ou t  in  

ace tone  using a procedure  p r e t t y  much the same as  th a t  

used in  th e  p r e p a ra t io n  of the  2 -a rso n ic  a c id .  Y ield  of

/ V c o  ^ < / \

— v

AS03H2

I I I

l i g h t  yellow product  was c o n s i s t e n t ly  40$. The m a te r ia l  

was p u r i f i e d  through the sodium or  ammonium s a l t  s ince  

the  s o l u b i l i t y  o f  the  f r e e  a c id  in  hot  water  o r  common 

organ ic  so lven ts  i s  low. Arsenic  de te rm ina t ions  gave 

r e s u l t s  t h a t  checked w ith  the t h e o r e t i c a l  v a lu e .  The 

c r y s t a l l i n e  orange-yellow monosodium s a l t  was p repared  by 

d i s s o lv in g  a p o r t io n  o f  the f r e e  ac id  in  hot water  with 

the c a lc u l a t e d  q u a n t i ty  o f  sodium b ica rbona te  followed 

by the  a d d i t io n  of  sev e ra l  volumes of a lc o h o l  and sub­

sequent cooling to e f f e c t  c r y s t a l l i z a t i o n .  The disodium 

s a l t  i s  r e a d i ly  so lu b le  in  w ater  a t  room temperature  to 

give an orange-red  s o lu t io n .

A p o r t io n  of  f i n e l y  d iv id ed  f luo renone-4 -a rson ic  

a c id  was suspended in  warm 6 normal h yd roch lo r ic  ac id ,  

and a small  q u a n t i ty  o f  potassium iodide was added.
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The mixture was s a tu r a t e d  w ith  s u l f u r  d iox ide  and allowed 

to s tand  over n ig h t .  This t rea tm en t  gave the  l i g h t  

yellow amorphous arsenoso compound (IV) which was in s o l ­

uble in  water ,  a l k a l i ,  and somewhat so lub le  in  ho t  hydro­

c h lo r i c  a c id  o r  h o t  g l a c i a l  a c e t i c  a c id .  Analys is  f o r  

a r s e n ic  confirmed the  t r an s fo rm a t io n .  Another p o r t io n  of

f lu o ren o n e -4 -a rso n ic  a c id  was suspended In g l a c i a l  a c e t i c  

a c id ,  r e f lu x e d  to e f f e c t  p a r t i a l  so lu t io n ,  and t r e a t e d  with  

a small  q u an t i ty  o f  phosphorous t r i c h l o r i d e .  Immediate 

d i s s o lu t io n  was fo l lowed by a g e n t l e  r e f l u x  f o r  a few min­

u tes  and, upon coo l ing ,  well-formed yellow c r y s t a l s  of the  

d i c h lo ra r s in e  (V) sep a ra te d .  These were p u r i f i e d  by c ry s ­

t a l l i z a t i o n  from g l a c i a l  a c e t i c  a c id ,  ana lysed  f o r  a r s e n i c ,

AsClg

V

and submitted to m e l t ing  po in t  de te rm ina t ion .  The d i c h lo r -

/ ^ V c o v / X

As=0

IV
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a r s in e s  of  t i l l s  s e r i e s  seem to b e  e s p e c i a l ly  s u i t a b l e  

f o r  c h a r a c t e r i z a t i o n .  They a r e  f a i r l y  s t a b l e  c r y s t a l l i n e  

m a te r i a l s ,  so lu b le  in  most i n e r t  s o lv e n t s ,  and give good 

m elt ing  p o in t s .  Most of  the  corresponding a r s o n ic  a c id s  

decompose on h e a t in g  w i thou t  m e l t in g .

c. N i t r a t i o n  of  f luorenone~4~arscn lc  a c i d .

Samples of  f lu o ren o n e -4 -a r so n ic  a c id  were n i t r a t e d  

in  a mixture of  s u l f u r i c  and fuming n i t r i c  a c id s  a t  

about  10°C. using a m o d i f ic a t io n  of  the method of Morgan 

and Stewart  (79).  Yield of  l i g h t  yellow n i t r o  com­

pound was almost q u a n t i t a t i v e ,  and a r s e n i c  a n a ly s i s  

checked with  the va lue  r e q u i r e d  f o r  a mono-nitro f luorenone 

a r s o n ic  a c id .  P u r i f i c a t i o n  was made through the  sodium o r  

ammonium s a l t s ,  th e se  being r e a d i l y  so lub le  in  water to 

g ive red-orange s o l u t i o n s .  From a c o n s id e r a t io n  of 

the  chemistry  of f lu o re n e ,  the  compound was taken to be 

7 - n i t r o f lu o re n o n e -4 -a r s o n ic  a c i d  (VI).

a S03h2

V I

d. Proof o f  s t r u c t u r e  of 7 - n i t r o f lu o re n o n e —4- 
a r s o n ic  a c id .

From a c o n s id e r a t i o n  of the  o r i e n t a t i o n  In f luences
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p re s e n t  in  f lu o re n o n e -4 -a r s o n ic  a c id ,  the  l i k e l ih o o d  

f o r  the formation of the 7 - n i t r o  compound by d i r e c t  

n i t r a t i o n  i s  unques t ionably  h igh .  A l l  d i sc o v e rab le ,  

analogous r e a c t io n s  of  the s e r i e s  le ad  to t h i s  conclu­

s ion .  I t  should be remarked t h a t  the  compound ob ta ined  

s im i l a r ly  by Morgan and Stewart  from f lu o re n o n e -2 -a r s o n ic  

a c id  was t a c i t l y  assumed to be th e  7 - n i t r o  d e r i v a t i v e  (7S) 

N ev e r th e les s ,  in  o rd e r  to  e s t a b l i s h  s t r u c t u r e  beyond d i s ­

p u te ,  two methods of  a t t a c k  were fo l lowed.

In the f i r s t  method, a small  amount o f  the n i t r o - 4 -  

a r s o n ic  a c id  was conver ted  to the d i c h lo r a r s in e  by a 

method s im i l a r  to  the  one used in  p r e p a r a t io n  of f l u o r e -  

n o n e -4 -d ic h lo r a r s in e .  Again, b e a u t i f u l  yellow c r y s t a l l ­

ine m a te r ia l  r e s u l t e d  which was so lu b le  in  h o t  g l a c i a l  

a c e t i c  a c id  and ana lysed  c o r r e c t l y  f o r  a r s e n i c  c o n te n t .

The m elt ing  p o in t  of  t h i s  compound was found to be 231- 

232°C., and was the  supposed 7 - n l t r o - 4 - d i c h l o r a r s i n e  (VII)

A sample o f  t h i s  m a te r i a l  was In t im a te ly  mixed with  

mercuric  a c e t a t e  and submitted  to fu s io n  a t  tem pera tures

AsCl 2
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exceeding 500°C. according  to the procedure of S k i les  

and Hamilton (112).  E x tra c t io n  of the melt  w ith  hot  

g l a c i a l  a c e t i c  a c id  y ie ld ed  a very small  q u a n t i t y  of  

yelloxtf c r y s t a l l i n e  m a te r i a l ,  supposedly the  2- n i t r o f l u o r e ­

none . The melt ing  p o in t  of  t h i s  fu s io n  p ro d u c t ,  to g e th e r  

with melting; p o i n t s  o f  pure 2-n i t r o f lu o r e n o n e  and a mix­

tu re  of the  two a re  ta b u la te d .

Such r e s u l t s  a r e  not  conc lus ive ,  y e t  s t rong ly  sug­

ges t  t h a t  the  fu s io n  product  was indeed 2-n i t r o f lu o re n o n e  

contaminated w i th  some s t a r t i n g  m a te r i a l .  The fus ion  

product  gave an evanescent B e i l s t e i n  t e s t  f o r  halogen. In 

view of the low y ie ld s  from t h i s  p rocedure ,  and s ince  the  

adm it ted ly  slim p o s s i b i l i t y  of  the  n i t r o  compound having 

the s t r u c t u r e  2 - n i t r o - 4 - a r s q n ic  a c i d  would not  be ex­

cluded, t h i s  method was d isca rded .

The second method was more s u c c e s s fu l .  A sample of 

f lu o ren o n e -4 -ca rb o x y l ic  a c id  was n i t r a t e d  accord ing  to 

the method of Moore and Huntress (78) y i e ld in g  mostly 

7 -n i t ro f lu o re n o n e -4 -c a rb o x y l ic  a c id  with a small  q u a n t i ty  

of the  5 - n i t r o  compound. The 7 - n i t r o  compound was t r a n s ­

formed by desc r ibed  procedures  (78) through th e  ch lo r id e  

and amide in to  the  amine. This 7 -n i t ro -4-am inofl i io renone  

was then converted by a modified S c h e l l e r  procedure in to

M.S’ .
fu s io n  product
2-n i t r o f lu o re n o n e
mixture

212-214°G. 
218-218.5°G 
215-217°C.
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the corresponding arsonic- a c id  in  4£>% y i e l d .  Conversion

of t h i s  in to  the  d ic h lo ra r s in e  gave ? - n i t r o f lu o re n o n e -4 -  

d ic h lo r a r s in e  of unquestionable  s t r u c t u r e .  The melt ing  

p o in t  of t h i s  compound, to g e th e r  w ith  the melt ing  p o in t  

o f  the  supposed i d e n t i c a l  d i c h lo r a r s in e  and a mixed 

m elting p o in t  of the  two a re  t a b u la te d .

M . P , .
supposed 7 -n i t ro f lu o re n o n e -4 -

d ic h lo ra r s in e  231-232°C.
known 7 -n i t ro f lu o re n o n e -4 -

The product of  d i r e c t  n i t r a t i o n  o f  f luorenone-4 -  

a r so n ic  a c id  has th e re fo re  shown to be 7 - n i t r o f l u o r e -  

none-4-arsonic  a c id .

e. P re p a ra t io n  of 7 -am lnofluorenone-4-arsonic  a c id  
and d e r iv a t iv e s .

For the red u c t io n  o f  7 -n i t r o f lu o re n o n e -4 -a r s o n ic  

a c id  to the  amine (VIII)  a l k a l i n e  f e r ro u s  hydroxide was 

aga in  used. The i s o l a t e d  pale-brown m a te r i a l  was r e a d i l y  

so lub le  in  d i l u t e  a l k a l i ,  d i l u t e  hyd roch lo r ic  a c id ,  and 

coupled a f t e r  d i a z o t i z a t i o n  w ith  be ta  naphthol to give a 

r ed  co lo r .  Arsenic  an a ly s i s  gave the  p roper  va lues .

mixture
d ic h lo ra r s in e

231-232 C.
231-232®C.
n t r l  O 'Z o O / ' l

N H g -

As0 3H2
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Two d e r iv a t iv e s  of  7 -am inof luo renone-4 -a rson ic  a c id  were 

p repared :  the a c e t y l  compound (IX) and the glycine-amide

d e r iv a t iv e  (X).

The f i r s t ,  a c r y s t a l l i n e  orange m a te r i a l ,  was r e a d i ly  made 

by s t i r r i n g  a suspension  o f  the  amine in  excess  of  a c e t i c  

anhydride a t  a tem pera ture  of  70-80°C. f o r  one hour.

The second, a deep p u r p le - r e d  compound, was p repared  by the 

a d d i t i o n  o f  a s l i g h t  excess o f  ch lo raee tam ide  to a potassium 

s a l t  s o lu t io n  o f  the  amine a r s o n ic  a c id ,  fo l low ed by a two 

to th r e e  hour p e r io d  of h ea t in g  a t  90°C, A small  amount of 

potassium iodide  c a ta ly z e s  the  a c t i o n .  C or rec t  a r s e n i c  

ana ly ses  were o b ta in ed .

3. D er iva t ives  of  f lu o re n o n e -1 -a rso n ic  a c i d .

a .  P re p a ra t io n  of  f l u o re n o n e - l - a r s o n ic  a c id .

F lu o ren o n e - l -ca rb o x y l ic  a c id  can be ob ta in ed  in  a 1 -s tep  

chromic oxide o x id a t io n  of f luo ran thene  (5 0 ) .  P u r i f i c a t i o n

NH2C0CHgNH co

A sO 3H 9AsOgHp

IX X

/ X COOH

/ X - c o X X

x /  x /
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of  the crude m a te r i a l  was done through the  sodium s a l t  ( 12 ) .  

The a c id  was then converted in to  the  corresponding  amine by 

the usual ro u te  through the a c id  c h lo r id e ,  amide, and Hof­

mann r e a c t io n  ( 66 ) .  Again, th io n y l  c h lo r id e  was used f o r  

convers ion  o f  the  a c i d  to a c id  c h lo r id e ,  and aqueous ammonia 

f o r  conversion of  a c i d  c h lo r id e  to amide. The f i n a l  amino 

compound i s  of  a go ld-yel low  c o lo r  in  sharp  c o n t r a s t  to  2-  

aminofluorenone which i s  p u r p le - r e d  and the  4-amlnofluorenone 

which i s  red -o range .

Conversion of  1-amlnofluorenone in to  th e  corresponding 

a r so n ic  a c id  (XI) was b e s t  accomplished (40-45$ y ie ld )  by use

of  a modified Bar t  r e a c t i o n .  The amine was d i s s o lv ed  in  

warm acetone  and th e  s o lu t io n  poured in to  an excess of  d i ­

l u t e  hyd roch lo r ic  a c id  with  e f f i c i e n t  s t i r r i n g .  The p a r ­

t i a l l y  p r e c i p i t a t e d  amine and aminehydrochloride suspension 

was then c h i l l e d  and d la z o t i z e d  in  the  usua l  manner. The 

diazonium s o lu t io n  was then added sloxirly to  an a l k a l i n e  

a r s e n i t e - c o p p e r  s u l f a t e  mixture  and the  r e a c t i o n  completed 

by warming. In  t h i s  in s t a n c e ,  the  S c h e l l e r  m o d i f ic a t io n  

was found to g ive  y i e ld s  i n f e r i o r  by about 5-10$. The 

product  was l i g h t  yellow in  c o lo r  and, as  u s u a l ,  was p u r i ­

f i e d  through the  sodium s a l t .  A na lys is  f o r  a r s e n ic  gave

AsO^Hg
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the  expected v a lu es .

The monosodium s a l t  of f l u o re n o n e - l - a r s o n ic  a c id  was 

made by the  a d d i t i o n  of some a lco h o l  to a hot  s o lu t io n  of 

the ac id  in  aqueous b ica rb o n a te ,  followed by cool ing  to 

e f f e c t  c r y s t a l  fo rm at ion .  A deep orange c r y s t a l l i n e  mater­

i a l  was ob ta ined ,  very  so lub le  in  water.

Using procedures  s im i la r  to those  employed in  the  4- 

a r so n lc  a c id  s e r i e s ,  f lu o re n o n e - l - a r s o n ic  a c id  was con­

v e r t e d  in to  the  corresponding l i g h t  yellow, amorphous a r se n -  

oso compound (XII) and the deep yellow, c r y s t a l l i n e  d ic h lo r ­

a r s i n e  (X I I I ) .  This l a s t ,  a s  was expected, was e a s i l y  s o l ­

uble  in  g l a c i a l  a c e t i c  a c id  and gave a f a i r l y  sharp m elt ing  

p o in t .  Proper  a r s e n i c  co n ten ts  were found in  both .

b. N i t r a t i o n  of  f lu o re n o n e - l - a r s o n ic  a c id .

The procedure used f o r  n i t r a t i o n  of f lu o ren o n e -4 -a r -  

sonic  a c id  was employed f o r  the n i t r a t i o n  of  the 1- a r s o n ic  

a c id .  Again, y i e ld s  of  pa le  yellow m a te r i a l  were p r a c t i c a l l y  

q u a n t i t a t i v e ,  and c o r r e c t  a r s e n i c  ana lyses  were o b ta in ed .

Now, the problem of  s t r u c t u r e  proof  of t h i s  pa ren t  compound 

has not  ye t  been so lved .  Again, from a c o n s id e ra t io n  of

As=0 AsClg
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analogous cases ,  inc lud ing  the  very s im i la r  one of n i t r o -  

f lu o re n o n e -4 -a r sonic a c id ,  i t  can he assumed th a t  the  compound 

i s  a lmost c e r t a i n l y  7 - n i t r o f lu o r e n o n e - l - a r s o n i c  a c id  (XIV).

AsOgHg

kN O g~ CO
r

XIV

In an e f f o r t  to apply the  mercuric a c e t a t e  fu s io n  

technique to the problem, a p o r t io n  of the  n i t r o  compound 

was transformed in to  the corresponding d i c h lo ra r s in e  using 

the procedure a l read y  mentioned; t h i s  new compound, the 

supposed 7 - n i t r o f lu o r e n o n e - l - d i c h lo r a r s ln e  (XV), was then 

p u r i f i e d  by s o lu t io n  in  g l a c i a l  a c e t i c  a c id  and analysed 

f o r  a r s e n ic .  The melt ing  p o in t  of  the  yel low c r y s t a l l i n e

m a te r i a l  was 215°C. The r e s u l t s  of the mercuric  ace­

t a t e  fu s io n  of the  n i t r o d i c h lo r a r s i n e ,  howeVer, were 

n eg a t iv e .  No 2 -n i t ro f lu o re n o n e  could be i s o l a t e d  from the 

m elt .  Attempts to hydrolyze o f f  the a r s o n ic  a c id  group w ith

AsCl 2
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60-70% by weight s u l f u r i c  a c id  were l ik ew ise  without r e s u l t .  

Work i s  p ro g ress in g  in  sev e ra l  d i r e c t i o n s .  The replacement 

of the  a r son ic  a c id  group by hydrogen i s  g e n e ra l ly  a d i f f i ­

c u l t  o p e ra t io n .  Apparently ,  the s t r e n g th  of  bond i s  g r e a t e r  

he re  than fo r  the su l fo n ic  a c id  group. In s tan ces  can be 

found In the l i t e r a t u r e  xfhere such a  removal has been done 

w ith  sodium amalgam in  s p e c ia l  cases  (9 ) ,  o r  by the a c t io n  

o f  hydr iod lc  a c id  on the d i c h lo r a r s in e .  Such procedures 

a r e  no t ,  hox^ever, a t  a l l  gene ra l  and may f a i l  in  t h i s  

in s t a n c e .  Reducing a c t io n  would, of course ,  a f f e c t  th e  n i t r o  

group as  w el l ,  and in  any event ,  the t r a n s fo rm a t io n  in to  2-  

n i t ro f lu o ren o n e  would not a b s o lu te ly  e l im in a te  2- n i t r o f l u o r e ­

none- 1- a r  sonic a c i d  from the p o s s i b i l i t i e s ,  a l though i t  must 

be adm it ted  t h a t  such a p o s s i b i l i t y  i s  slim indeed. Along 

t h i s  l i n e ,  a sea led  tube method h y d ro ly s i s  of  the d i c h lo r ­

a r s i n e  xirlth co ncen t ra ted  hyd roch lo r ic  a c id  i s  being a t tem p ted .

Replacement o f  the a r s o n ic  a c i d  group by halogen can be 

made proceding g e n e ra l ly  from the  d i c h lo r a r s in e  to the 

organo-mercuric c h lo r id e ,  and then to the  iodo or brome com­

pound. But here ,  such a t ran s fo rm a t io n  i s  u n fe a s ib le  in  view 

of the  lack  of the corresponding known f lu o re n e  compounds.

Perhaps the most l i k e l y  procedure would be to beg in  with 

the n i t r a t i o n  of the  1- c a rb o x y l ic  a c id  of  f luorenone ,  d e t e r ­

mine the  s t r u c t u r e  of  the  n l t r o c a rb o x y l l c  a c i d  (probably the 

7 - n i t r o - l - c a r b o x y l i c  ac id )  and proceed then  in  a f a s h io n  s im i la r
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to the  s u c c e s s fu l  s t r u c t u r e  proof  given above f o r  7 - n i t r o -  

f lu c r e n o n e -4 -a r s o n ic  a c id .  F lu o re n o n e - l -ca rb o x y l ic  a c id  has 

been n i t r a t e d  (51) bu t  s t r u c t u r e  de te rm in a t io n  of the  p ro­

duct has ye t  to be made. Work along t h i s  l i n e  i s  in  p ro­

g r e s s .  For the  p r e s e n t ,  the  reasonab le  assumption w i l l  be 

made th a t  the compound corresponds to formula XIV.

c .  P re p a ra t io n  o f  7 -am ln o f lu o ren o n e - l -a r so n ic  a c id  and

The r e d u c t io n  of  the n i t r o  group of the  supposed 7 - n i t r o -  

f l u o r e n o n e - l - a r s o n ic  a c id  was accomplished in  the usual  manner 

w ith  a l k a l i n e  f e r r o u s  hydroxide to g ive  a p a le  brown m a te r ia l  

o f  p roper  a r s e n i c  co n ten t .  This amino compound was r e a d i l y  

so lu b le  in  a l k a l i  and d i l u t e  hyd ro ch lo r ic  a c i d ,  and d la z o t i z e d  

and coupled with  b e ta  naphthol  to g ive a b r i g h t  w ine-red  c o lo r .  

This  compound i s  very probably ,  then ,  7-aminofluorenone-1-  

a r s o n ic  a c id  (XVI).

Using procedures  s im i la r  to  those employed in  the  4- 

a r s o n lc  a c id  s e r i e s ,  samples of  7 -am in o f lu o ren o n e - l -a r so n ic  

a c id  were transform ed in to  a dark orange a c e t y l  compound (XVII) 

and a dark p u r p l e - r e d  glycineamide d e r i v a t i v e  (XVIII).  These

d e r i v a t i v e s

As03h 2
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CH3C0NH- " C O - X ' NH2COGH2NH- ^  ^  ' ' X

X X

•xvii XVIII

were ana lysed  in  the  usual manner. The f r e e  amine i s  l e s s  

r e a c t i v e  towards a c e t i c  anhydride than i s  ?-aminofluorenone~4- 

a r s o n ic  a c id  and a h ig h e r  r e a c t i o n  temperature f o r  a c e t y l a t i o n  

was used.

4. The Bechamp r e a c t i o n  on am inofluorenones.

The p o s s i b i l i t y  of d i r e c t  in t ro d u c t io n  of  an a r s o n ic  

a c id  group in to  the  f luo rene  nucleus by t rea tm en t  o f  a f l u o r -  

ene amine or  phenol with  a r s e n i c  a c id  accord ing  to the  method 

of  Bechamp was cons idered .  The disadvantage of the  procedure 

was seen to l i e  in  the  g e n e ra l ly  low y ie ld s  ob ta ined  and in  the 

n e c e s s i ty  f o r  subsequent s t r u c t u r e  p roo f .  The advantage ,  on 

the o th e r  hand, i s  t h a t  an am ine-arsonie  a c id  i s  d i r e c t l y  ob­

t a in e d  and t h i s  could then be changed in to  a v a r i e ty  of amine 

d e r i v a t i v e s  in  the  usual  f a s h io n .  No a p p l i c a t i o n  of  the  Be­

champ r e a c t io n  to the  f lu o ren e  s e r i e s  has y e t  been r e p o r t e d .

The compounds s e l e c t e d  f o r  t r i a l  were 2-asninofluorenone, 4- 

amlnofluorenone, and 1-am inof luorenone .

/ \ ^ C 0

NHg
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I t  w i l l  be observed th a t  s ince the para  p o s i t io n  i s  

blocked in  the case of  2-aminofluorenone, only poor y ie ld s  

could be expected from the Bechamp r e a c t io n  on t h i s  com­

pound. A c tua l ly ,  a f t e r  many at tem pts  to c a r ry  out the  r e ­

a c t io n  using a g r e a t  many v a r i a t i o n s  in  method, no product 

could be i s o l a t e d .  Some of the  o r ig in a l  amine xvas recovered 

in  almost every case ,  the  remainder r ep re se n t in g  l a rg e ly  

cha rred  m a te r ia l  from the o x id iz in g  e f f e c t  of  hot a r s e n ic  

a c id .

S im i la r ly ,  in  the  case of  4-aminofluorenone no amine- 

a r s o n ic  a c id  could be i s o l a t e d  from the r e a c t io n  mixture .

In t h i s  case ,  f a i l u r e  of the r e a c t io n  was more s u rp r i s in g  

s ince  the para p o s i t i o n  i s  open. On the o th e r  hand, the 

open para p o s i t io n  i s  ortho to  a m e ta -d i r e c t in g  carbonyl 

group which may be e f f e c t iv e  in lowering the  a c t i v i t y  of 

th a t  p o s i t i o n .

Now 1-aminofluorenone would seem to o f f e r  the b e s t  

p o s s i b i l i t i e s  f o r  a r e a c t io n  of t h i s  type.  Not only i s  the 

para p o s i t io n  unoccupied, bu t  t h a t  p o s i t io n  i s ,  bes ides ,  

or tho  to the  benzene-benzene bond which a c t i v a t e s  the  ortho
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hydrogen to some degree .  Moreover, the melt ing  p o in t  of the 

amine i s  f a i r l y  low, 11S°C., making p o s s ib le  a f l u i d  melt  a t  

the usual r e a c t io n  temperatures (140-1?0°C.) .  In the f i r s t  

a t tem p t ,  a product was i s o l a t e d  in  low jr ie lds  (about 5$ 

based on the a r s e n ic  a c id  used) but  of good appearance.

The product  was orange-yellow in  co lo r ,  r e a d i l y  so lub le  

in a l k a l i ,  s l i g h t l y  so lub le  in  d i l u t e  hy d ro ch lo r ic  a c id ,  

and t e s t e d  fo r  a f r e e  amino group by d i a z o t i z a t i o n  and 

coupling  with  be ta  naphthol .  Subsequent improvements in  

procedure r a i s e d  the  y ie ld  to 8-10$. S o l id  a r s e n ic  ac id ,  

d r i e d  a t  110°C., was used with an excess of  the amine and 

the mixture was h ea ted  a t  160-170°C. f o r  th r e e  to fou r  hours .  

The cooled melt was then e x t r a c te d  with  d i l u t e  sodium hydrox­

id e ,  and the amine a r so n ic  a c id  was p r e c i p i t a t e d  from the  

a l k a l i n e  f i l t r a t e  by c a re fu l  a c i d i f i c a t i o n  w i th  d i l u t e  

hyd roch lo r ic  a c i d .  P u l l  d e t a i l s  a r e  to be found in  the ex­

pe r im en ta l  s e c t io n .

S t r u c t u r a l  p roof  f o r  t h i s  compound has not y e t  been com­

p l e t e d .  The m a te r i a l  does not g ive  c o r r e c t  a r s e n ic  va lues ,  

bu t  even a f t e r  p u r i f i c a t i o n  through the  sodium s a l t ,  y ie ld s  

r e s u l t s  2 to 5$ low. The p resence  of  some a r s i n i c  a c id  

(RgAsOgH), a u sua l  by-product o f  Bechamp procedures ,  would 

appear to exp la in  the  e r r a t i c  a n a ly se s .  Yet f r a c t i o n a l  p re ­

c i p i t a t i o n  of the  compound from s o lu t io n s  of  the sodium s a l t  

w ith  d i l u t e  hyd roch lo r ic  a c id  g iv e s ,  f i r s t ,  a f r a c t i o n  th a t  

i s  lower in  a r s e n i c  conten t  than  the value r eq u i red  f o r  the
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a r s i n i c  a c id ,  while  the more a c i d i c  f r a c t i o n  formed secondly 

g ives  r e s u l t s  t h a t  approach the  t h e o r e t i c a l  value  f o r  the  

am ine-arsonic  a c i d .  The main p o r t io n  i s  undoubtedly the  ex­

pec ted  p roduc t .

Both u l t im a te  p u r i f i c a t i o n  and p roof  o f  s t r u c t u r e  have 

y e t  to be made. For s t r u c t u r a l  d e te rm in a t io n ,  deamination 

o f  the am ino-arsonic  a c id  through the diazonium s a l t  to give 

the  simple f luo renone  a r s o n ic  ac id ;  convers ion  o f  the  a rsonlc  

a c id  to the d l c h l o r a r s i n e  w i th  i t s  c h a r a c t e r i s t i c  m elt ing  

p o in t ;  comparison o f  the m elt ing  p o in t  w i th  t h a t  of  the known 

f luorenone d i c h l o r a r s i n e s , fo llowed by a mixed m e l t ing  po in t  

d e te rm ina t ion ,  would be f a i r l y  conc lus ive  p roof  of  s t r u c t u r e .  

The p o s s i b i l i t y  o f  a t tachment o f  the  a r s o n lc  a c id  group to 

the  u n s u b s t i tu t e d  r i n g  can be ignored ,  and the compound i s  

a lmost c e r t a i n l y  l -am in o f lu o ren o n e -2 -a r so n lc  a c id ,  o r  1-amino- 

f lu o re n o n e -4 -a r s o n lc  a c id .  In  view o f  the  g e n e ra l ly  more 

f a c i l e  s u b s t i t u t i o n  in  th e  para  p o s i t i o n ,  the  l a t t e r  s t r u c t u r e  

(XIX) i s  fo r  th e  p r e s e n t  assumed c o r r e c t .  But the  2 -a rson ic

MH

XIX

a c i d  cannot be r e j e c t e d  as  a p o s s i b i l i t y  in  view of  the  f a c t  

t h a t  the Bechamp r e a c t io n  on a lpha  naphthylamlne g ives  the 

2-compound (17) .
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B. Experimental,,

Temperatures given in  the  fo l low ing  s e c t io n  r e f e r  to 

the Centigrade s c a l e .  Melting p o in t s  were ob ta ined  t^ith a 

c a l i b r a t e d  thermometer us ing  an aluminum block .  Where 

m elt ing  p o in ts  a r e  not given in  the case of  the  new a r s e n i -  

c a l s ,  i t  may be i n f e r r e d  t h a t  such m el t ing  temperatures  

were i n d e f i n i t e  o r  above 300°.

1. D er iva t ives  of  f luo renone -2 -a rson lc  a c id .

2-am inof luorenone .

F i f t y  grams (0.222 moles) of 3 -n i t ro f lu o re n o n e ,  40 

grams (0.753 moles) of ammonium c h lo r id e ,  one l i t e r  of 

a lc o h o l ,  and 200 ml. (3 moles) of concen tra ted  ammonium 

hydroxide were in t roduced  in to  a 5 l i t e r  f l a s k ,  f i t t e d  w ith  

r e f l u x  condenser and dropping fu n n e l .  The mixture was gen t ly  

r e f lu x e d  while a s o lu t io n  o f  140 grams of NagS'OHgO (0.583 

moles) in  about  400 ml. o f  water  was sloxtfly in t roduced .  The 

mixture  darkened a t  once and a t  the end of  the  a d d i t io n  

(about 45 minutes)  was an almost c l e a r  r e d .  Refluxing was 

cont inued f o r  one hour more.

The s o lu t io n  was now poured in to  3 l i t e r s  of w ate r  and 

l e t  s tan d  s e v e r a l  hours (or  o v e r n ig h t ) .  The p r e c i p i t a t e  

was f i l t e r e d  o f f  and trashed w ith  w a te r .  I t  was then  ex­

t r a c t e d  by b o i l i n g  with a s o lu t io n  o f  150 ml. of  co n c e n t r a t ­

ed (12 normal) hyd roch lo r ic  a c id  in  1000 ml. o f  w a te r .  The 

low s o l u b i l i t y  of  the  hydroch lo r ide  r e q u i r e d  b o i l i n g  tempera­
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t u r e  and f i l t r a t i o n  while hot* The In so lu b le  m a te r ia l  was 

e x t ra c te d  f u r t h e r  with small  p o r t io n s  of  b o i l i n g  d i l u t e  

hydroch lo r ic  a c i d .  The f i l t r a t e s  were combined and the 

re s id u e ,  which was s l i g h t ,  was d isca rded .

The combined f i l t r a t e s  were n e u t r a l i z e d  w ith  sodium 

hydroxide s o lu t io n ,  and the p r e c i p i t a t e d  amine was f i l t e r e d  

o f f ,  washed w i th  water and d r i e d .  The compound was s u f f i ­

c i e n t l y  pure f o r  most uses .  A s ing le  c r y s t a l l i z a t i o n  

from d i l u t e  a lo o h o l  gave a melting p o in t  of  162-163°. The 

average y ie ld  from a number of  runs was 35 grams (80$).

F luo renone-2 -a rson lc  a c i d .

Ten grams (0.0512 moles) of f i n e l y  d iv id ed  2-amino- 

f luorenone was d is so lv ed  in 400 ml. of  ace tone  and 11.5 

grams (0.112 moles) of concen tra ted  s u l f u r i c  a c id  was 

added drop-wise w ith  e f f i c i e n t  s t i r r i n g  to  p r e c i p i t a t e  

some amine s u l f a t e .  The mixture was cooled to 5-10° and, 

w ith  s t i r r i n g ,  a s o lu t io n  of  5 grams (0.0725 moles) of 

sodium n i t r i t e  in  15 ml. of  water  was added over a p e r io d  

of  ten  minutes through a dropping funne l ,  th e  end of which 

was submerged i n  the acetone  s o lu t io n .  The mixture ,  now 

more heavy w i th  p r e c i p i t a t e d  m a te r ia l ,  was s t i r r e d  f o r  

t h i r t y  minutes more a t  a temperature not exceeding 10° t 

and 20 grams (0.110 moles) of a r s e n ic  t r i c h l o r i d e  was 

added a l l  a t  once.  S t i r r i n g  and cool ing  was extended 30 

minutes more when one gram of f r e s h l y  p repared  cuprous
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bromide was added and the mixture was warmed slowly on the  

water  b a th  to a temperature of 40° where evo lu t ion  of n i t r o ­

gen was b r i s k .  A f te r  n i t ro g en  ev o lu t io n  ceased (30 minutes) 

the m a te r ia l  was poured, w i th  s t i r r i n g ,  in to  1500 ml. of 

water  and l e t  s tand  f o r  2 hou rs .  The In so lu b le  p o r t i o n  

iras f i l t e r e d  o f f  and e x t r a c te d  w i th  a warm (70-80°) so lu ­

t i o n  of 15 grams of  sodium b ica rb o n a te  in  800 ml. of w ater .

A second e x t r a c t io n  using 5 grams of  sodium b ica rbona te  in  

200 ml. of water  was made and the  f i l t r a t e s  were combined 

and t r e a t e d  w i th  d e c o lo r iz in g  carbon. The c l e a r  yellow 

f i l t r a t e  wtas c a u t io u s ly  a c i d i f i e d  with  6 normal h y d ro ch lo r ic  

a c id  u n t i l  d i s t i n c t l y  a c id  to l i tm us  to g ive a l i g h t  yelloxy 

p r e c i p i t a t e  of  the  a r s o n lc  a c i d .  This was f i l t e r e d  o f f ,  

washed well  w i th  w ate r ,  and d r i e d .  The y i e ld  was 6.25 

grams (40$).

For a n a ly s i s ,  p u r i f i c a t i o n  was made through the sodium 

s a l t  using sodium b ica rb o n a te  s o lu t io n s  a t  60-70°, a c i d i f y ­

ing w i th  hyd ro ch lo r ic  a c i d .  The well-washed m a te r i a l  was 

d r i e d  over a steam ba th  and then  in  an oven a t  110-115° f o r  

6 to 7 hours o r  u n t i l  co n s tan t  weight had been o b ta in e d .

Arsenic c a lc u l a t e d :  24.6$ Arsenic  found: 24.4$

7 - n i t r o f luo renone -2 -a rson lc  a c id  and 7-amlnofluorenone-2-  
a r s o n lc  a c i d .

These compounds were p repared  from f lu o ren o n e -2 -a rso n ic  

a c id  using procedures  of Morgan and Stewart  (79).
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F lu o ren o n e -2 ,7 -d ia r so n lc  a c i d .

Ten grams (0.0313 moles) of  f i n e l y  powdered 7-amino- 

f luo renone -2 -a rson ic  a c i d  was suspended in  100 ml. o f  water ,  

and 5.6 grams (0.100 moles) of  potassium hydroxide was 

added, and th e  m ixture  was warmed to e f f e c t  s o lu t io n .  When 

cool ,  2.3 grams (0.0334 moles) of  sodium n i t r i t e  was added 

to the s o lu t io n  which was then  cooled to  10° and i n t r o ­

duced slowly in to  a mixture of 150 ml. of water  and 15 grams 

(0.146 moles) of  co n c e n t ra ted  s u l f u r i c  a c i d  he ld  a t  0 ° .  The 

a d d i t io n  re q u i r e d  about  45 minutes.  S t i r r i n g  was continued 

f o r  30 minutes more.

An a l k a l i n e  a r s e n i t e  s o l u t i o n  was p repared  by d is s o lv in g  

35 grams (0.626 moles) o f  potassium hydroxide,  15 grams 

(0.0760 moles) o f  a r se n io u s  oxide and 1 gram of copper su l ­

f a t e  in  200 ml. of w a te r .  To t h i s  a r s e n i t e  s o lu t io n ,  the 

diazonium s o lu t io n  was added a t  room tem perature  in  10 ml. 

p o r t io n s  w i th  s t i r r i n g .  S t i r r i n g  was con t inued  f o r  2 hours 

more, and the  mixture was then  slowly h ea ted  on a w ate r  ba th  

to 90° u n t i l  n i t r o g e n  ev o lu t io n  ceased .  The m a te r i a l  was 

f i l t e r e d ,  the f i l t r a t e  t r e a t e d  hot  w ith  d e c o lo r iz in g  ca r ­

bon, and the  r e s u l t i n g  c l e a r  yellow s o lu t io n  a c i d i f i e d  with 

a s l i g h t  excess of 6 normal hyd roch lo r ic  a c i d  to p r e c i p i t a t e  

the  f i n e  yellow-brown d ia r s o n ic  a c id .  This was f i l t e r e d  o f f ,  

washed well  w ith  w a te r ,  and d r ied  to g ive  9 grams (67$) of 

m a te r i a l .  For p u r i f i c a t i o n  the product  was washed w ith  warm 

1 normal h y d ro ch lo r ic  a c id  and d is so lv ed  twice a s  the  sodium
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s a l t  in d i lu te  sodium bicarbonate solution with decoloriz­

ing treatment in each case and p rec ip i ta t io n  with d i lu te  

hydrochloric ac id .  For analysis ,  a sample of the material 

was dried in the oven a t  110° fo r  7-8 hours.

Arsenic calculated: 34.7$ Arsenic found: 34.2$

7 , 75-dlamino-2,g^arsenofluorenone dihydrochloride .

A 1-gram portion of f ine ly  divided 7-aminofluorenone-2- 

arsonic ac id  was suspended in 10 ml. of g lac ia l  ace t ic  acid, 

and 10 ml. of 50$ hypophosphorous acid  was added. The mix­

ture was s t i r r e d  in a water bath a t  85-90° for 2 |  hours. The 

buff-orange p rec ip i ta te  was f i l t e r e d  and t ransferred  quickly 

to 100 ml. of boiled d i s t i l l e d  water. The mixture was made 

a lka l ine  with 2 normal potassium hydroxide, the trown free 

base was f i l t e r e d  and t ransfe r red  to 100 ml. of 3 normal 

hydrochloric acid,  and then f i l t e r e d  again as the buff-orange 

hydrochloride. The product was washed with d i lu te  hydrochlor­

ic  ac id  and dried in a vacuum desiccator over sodium hydroxide 

to give 0.65 grams (68$) of a l ig h t  brown material which dark­

ened upon heating in the oven fo r  one hour a t  110°. The com­

pound was analysed as the dihydrochloride.

Arsenic calculated: 24.5$ Arsenic found: 23.7$

2. Fluorenone-4-arsonic ac id  and der iva t ives .

Diphenlc a c id .

Sixty-five grams (0.412 moles) of potassium permanganate 

and 2 l i t e r s  of water were introduced into a 5 l i t e r ,  round-
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bottomed f l a s k ,  and the whole was hea ted  u n t i l  the permangan­

a t e  d isso lved .  Then, 50 grams (0.240 moles) of f i n e l y  pow­

dered phenanthraquinone was added and the  f l a s k  was sw ir led  

u n t i l  the quinone was d isp e rsed  throughout the  l i q u i d .  Tech­

n i c a l  Ba(0H)p»8HgO (125 grams, 0.39? moles) was added and the 

f l a s k  again  sw ir led  u n t i l  the hydroxide l a rg e ly  d is so lv ed .

The mixture was then r e f lu x e d  f o r  one hour,  a t  the end of 

which time the quinone had mostly d isappeared .  A r e f l u x  per ­

iod  much beyond t h i s  was found to be d isadvantageous.

The excess of permanganate was des troyed  by the ad d i t io n  

of  a l i t t l e  a lc o h o l ,  the mixture was f i l t e r e d  hot and the 

r e s id u e  was e x t r a c te d  s e v e ra l  times with  small  p o r t io n s  of 

hot water .  The f i l t r a t e  was then evapora ted  to about  tvro- 

t h i r d s  the volume (about 1800 ml.)  and f i n a l l y  t r e a t e d  with 

2 grams of d ec o lo r iz in g  ch a rco a l .  The m a te r ia l  was then 

f i l t e r e d ,  and the  f i l t r a t e  was a c i d i f i e d  w i th  d i l u t e  hydro­

c h l o r i c  a c id  to p r e c i p i t a t e  a nea r ly  white dlphenic a c id .

The m ix ture  was c o o l e d  to  room tem p eratu re  ( o r  lo w er )  and 

t h e  a c i d  f i l t e r e d  o f f ,  washed w i t h  c o l d  w a t e r  and d r i e d .

The average y i e l d  from se v e ra l  runs was 40.5 grams (70$) of
o

melt ing  poin t  229-230 .

F luorenone-4-carboxvllc  a c i d .

The method of G-raebe (61,66) was used on d lphenic  ac id .

I t  i s  suggested th a t  the f lu o renone-4 -ca rboxy l ic  ob ta ined  

be washed sev e ra l  times by s e t t l i n g  and d ecan ta t ion  o r  siphon­

ing befo re  f i n a l  suc t ion  f i l t r a t i o n .  The m a te r ia l  i s  very
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f i n e l y  d iv ided  and slow to f i l t e r  and wash on the fu n n e l .  

Melting p o in t  of the  m a te r ia l  r e c r y s t a l l i z e d  from g l a c i a l  

a c e t i c  a c id  was 226-227°.

F luorenone-4-carboxyllc  ac id  c h l o r i d e .

S ix ty  grams (0.267 moles) o f  the  f i n e l y  powdered f r e e  

a c id  was p laced  in  a one l i t e r  round-bottomed f l a s k  f i t t e d  

to a condenser a r ranged  f o r  downward d i s t i l l a t i o n  and a 

Tirater t r a p  to absorb  l i b e r a t e d  fumes. Then, 200 ml. :(2.70 

moles) o f  th io n y l  ch lo r id e  was in troduced  in a slow stream 

through a dropping funnel .  The mixture  was warmed slowly in  

an o i l  ba th  u n t i l  most of  the gas ev o lu t io n  had occurred  and 

a c l e a r  s o lu t io n  was ob ta ined ,  when the  excess th io n y l  ch lo r ­

ide  was d i s t i l l e d  o f f  and the tem pera ture  taken to 135° f o r  

15 minutes.  A pp l ica t io n  of su c t io n  during the f i n a l  o p e ra t io n  

i s  advantageous but  not e s s e n t i a l .

A f t e r  coo l ing ,  the s o l i d  p roduc t  was loosened from the 

f l a s k  by g en t le  warming, the  l a r g e  lumps broken up in  a 

mortar and the  ch lo r id e  r e c r y s t a l l i z e d  from benzene. The 

y i e ld  of  yellow product was almost q u a n t i t a t i v e ,  m elt ing  

p o in t  127-128°.

F luo renone-4 -earboxy lic  a c id  amide.

A 50 gram p o r t i o n  of  the f i n e l y  d iv id ed  a c i d  c h lo r id e  

was added in  p o r t io n s  with g e n t l e  s t i r r i n g  to 300 ml. of  

concen tra ted  ammonium hydroxide, cooled in  an ice  ba th ,  and 

the  mixture l e t  s tand  4 hours or  o v e rn ig h t .  I t  was then 

f i l t e r e d ,  washed well  with water  and d r i e d .  Yield of  the
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crude product was 41.5 grams (90$). Melting point a f t e r  re ­

c ry s ta l l i z a t io n  from alcohol was 229-230°. For conversion 

to the amine, the crude amide was used.

4-amlnofluorenone„

The hypobromite method of Huntress, P f i s t e r  and P f i s t e r

(66) was used on fluorenone—4-carboxylic acid  amide. I t  

was found that  with runs on la rg e r  quan t i t ie s  of amide, the 

recorded y ie ld  of 74$ could not be duplicated, but ran, in­

stead, to 60-65$. The melting temperature of the 4-amino- 

fluorenone a f t e r  r e c ry s ta l l i z a t io n  from alcohol was 138-139°.

Fluorenone-4-arsonlc ac id .

The modified Scheller procedure used by us in the pre­

parat ion of fluorenone-2-arsonic acid was employed. Yield of 

l ig h t  yellow arsonlc acid was 45$.

Arsenic  c a lc u la te d :  24.6$ Arsenic  found: 24.9$

The monosodium s a l t  was prepared by dissolving a weighed 

quanti ty  of the f ree arsonlc ac id  ( for  example, 5 grams) in a 

minimum amount of itfarm water (about 50 ml.) with the ca lcu l­

ated quantity (1.05 moles, 1,4 grams) of sodium bicarbonate. 

Dilution with an equal volume of alcohol or acetone resu l ted ,  

a f t e r  a time, in the formation of yellow-orange c ry s ta ls  of 

the s a l t  containing an undetermined amount of water of hydra­

t ion .  The s a l t  i s  readi ly  soluble in cold water. After  dry­

ing in the oven a t  110° for 5 hours, a rsen ic  ana lys is  indicated 

the presence of about two molecules of water.
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4-arseno sofluorenone.

A one-gram portion of f ine ly  divided f luorenone-4-ar- 

sonic acid was suspended in 25 ml. of 6 normal hydrochloric 

ac id ,  and 0.1 gram of potassium iodide was added. On 

shaking, a s l ig h t  iodine color was formed. The suspension 

was saturated a t  room temperature with su lfu r  dioxide, with 

occasional shaking, heated to boil ing and the solution again 

sa tura ted  with the gas and allowed to stand overnight. The 

f lu f fy  p rec ip i ta te  of the arsenoso compound was f i l t e r e d  off ,  

washed with d i lu te  ammonia and water, and dried. Yield of 

mater ia l  was p rac t ica l ly  quant i ta t ive  (about 1 gram). The 

arsenoso compound was washed several times with carbon di­

su lf ide ,  dried to constant weight a t  110° and analysed.

Arsenic calcula ted:  27.7$ Arsenic found: 27.6$

Fluorenone-4-dichlorarsine.

A one-gram portion (0.00328 moles) of f inely  divided 

fluorenone-4-arsonic acid was suspended in 10 ml. of g lac ia l  

ace t i c  acid and the temperature ra ised  to the boil ing  poin t .  

Heating was in te rrup ted  and 1.5 ml. (0.0120 moles) of phos­

phorus t r ich lo r id e  dissolved in 5 ml. of g lac ia l  ace t ic  acid 

was introduced with swirling. The arsonic acid quickly dis­

solved to y ie ld  a yellow solution. The material  was then 

gently heated to near re f lu x  fo r  5 minutes and allowed to 

cool to yield well-formed c rys ta ls  of the dichlorars ine.  The 

product was f i l t e r e d ,  the yellow c rys ta ls  washed with several 

small portions of cold g lac ia l  ace t ic  acid  and dried on a
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steam bath. Yield was consistently  high a t  80$ (0.85 grams). 

The melting point of the compound a f t e r  r e c ry s ta l l i z a t io n  

from g lac ia l  ace t i c  acid was 151-163°. Further pur i f ica t ion  

did not improve the melting point.  The pur if ied  sample was 

dried a t  l lcPfor  2 hours and analysed.

Arsenic calculated! 23,1$ Arsenic found: 23.2$

7-nltrofluorenone—4-arsonlc a c id .

A mixture of 32.5 ml. (0.585 moles) of concentrated 

su lfur ic  acid and 37.5 ml. (0.880 moles) of fuming n i t r i c  

acid  (d. -  1.50) was cooled in an ice-bath and 15 grams 

(0.0492 moles) of f inely  divided fluorenone-4-arsonic acid 

was Introduced with s t i r r in g .  During the addit ion,  the 

temperature was not permitted to r i s e  above 10°. The mix­

ture was then s t i r r e d  a t  room temperature for  an addit ional  

hour and then poured into 500 ml. of ice water. The preci­

p i ta ted  yellow product was f i l t e r e d ,  washed with water and 

dried. Yield of crude material was 15.5 grams (90$). 

Pur i f ica t ion  was readily  accomplished by d issolution in 

d i lu te  ammonia, followed by charcoal treatment and p rec ip i­

ta t ion  with d i lu te  hydrochloric acid. The pure n i t ro  a r ­

sonlc acid was dried in the oven a t  110° for  7 hours fo r  

analysis .

Arsenic calculated: 21.6$ Arsenic found: 21.5$

7-n l t ro f  luorenone-4-dlchlorar  sine.,

A 3 gram portion (0.00865 moles) of f inely  divided 7-
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n i t ro f lu o re n c n e -4 - a r s o n ic  a c id  was suspended in 30 ml, of 

b o i l i n g  g l a c i a l  a c e t i c  a c id ,  and 2.5 ml. (0.0287 moles) of 

phosphorus t r i c h l o r i d e  d isso lved  in  5 ml. o f  g l a c i a l  a c e t i c  

a c id  was added slowly w ith  sw ir l in g .  The suspension c l e a re d  

a3 the  a r s o n ic  a c i d  d is so lved  to give a yellow s o lu t io n ,  and 

the  mixture was then hea ted  to near  b o i l i n g  f o r  5 minutes and 

allowed to cool .  The f i n e  yellow needles were f i l t e r e d  o f f ,  

washed w ith  i c e - c o ld  a c e t i c  a c id ,  and d r i e d .  The product  

weighed 2.70 grams (85$ y i e l d ) .  P u r i f i c a t i o n  was e f f e c t e d  

by r e c r y s t a l l i z a t i o n  from g l a c i a l  a c e t i c  a c i d  to g ive a pro­

duct m elt ing  a t  231-232°. For a n a ly s i s ,  the  pure compound 

was d r ie d  a t  110° fo r  th re e  hours .

Arsenic c a lc u l a t e d :  20.3$ Arsenic  found: 2.0.5$

7-am inof luorenone-4-arsonic  a c i d .

To 200 ml. of water  con ta in ing  10 ml. of  6 normal sodium 

hydroxide was added 16.5 grams (0.0476 moles) of 7 - n i t r o f l u o r e -  

none-4 -a rson lc  a c i d  and th e  mixture was s t i r r e d  and xvarmed to 

e f f e c t  s o lu t io n .  A so lu t io n  of  100 grams (0.488 moles) of 

commercial f e r ro u s  s u l f a t e  (con ta in ing  about 3 molecules of 

water  of  h yd ra t ion )  in  400 ml, of water  was slowly made a l k a l i n e  

by the in t r o d u c t io n ,  with  s t i r r i n g ,  of 50$ sodium hydroxide 

s o lu t i o n .  To the  suspension of  f e r ro u s  hydroxide was added 

slowly, with  s t i r r i n g  the so lu t io n  of  the  n i t r o a r s o n i c  a c id  

over  a p e r io d  of 30 minutes.  The mixture was then warmed 

slowly on the w ater  ba th  and maintained a t  90° f o r  one hour

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



8 2 .

w ith  co n s tan t  s t i r r i n g .  The m a te r i a l  was then  f i l t e r e d  by 

g r a v i t y  and the  brown-black p r e c i p i t a t e  of f e r r i c  hydroxide 

was washed thoroughly with 4 p o r t io n s  of b o i l i n g  w ate r .  The 

combined deep r e d  f i l t r a t e s  were a c i d i f i e d  w i th  6 normal 

hy d ro ch lo r ic  a c id  to the p o in t  of p r e c i p i t a t i o n ,  and p r e c i ­

p i t a t i o n  was completed by the a d d i t i o n  of a l i t t l e  g l a c i a l  

a c e t i c  a c id .  The p r e c i p i t a t e d  am ine-arson ic  a c id  was f i l ­

t e r e d  o f f ,  washed w ith  w ate r ,  and d r ied  to give 8 .6  grams 

(56$) of l i g h t  orange-brown p roduc t .  For p u r i f i c a t i o n ,  the 

compound was d is s o lv e d  in  hot  3 normal h y d ro ch lo r ic  a c id ,  

p r e c i p i t a t e d  by c a r e f u l  n e u t r a l i z a t i o n  w ith  ammonium hydrox­

ide  and a c e t i c  a c id ,  f i l t e r e d ,  d is so lv ed  a s  the  ammonium 

s a l t  in  warm, d i l u t e  ammonium hydroxide,  p r e c i p i t a t e d  a s  be­

f o r e  with  hyd ro ch lo r ic  and a c e t i c  a c i d s ,  f i l t e r e d ,  washed 

w ith  w ate r  and d r ie d .  For a n a l y s i s ,  a sample was d r i e d  a t  

110° f o r  5 hours .

Arsenic  c a lc u l a t e d :  23.5$ Arsenic found: 23.2$

7 -ace tam ino f lu o re n o n e -4 -a r sonic  a c i d .

To 8 ml. of a c e t i c  anhydr ide ,  1 .5 grams of 7 -am ino f luo re -  

none-4 -a rson ic  a c i d  was added and the  mixture  was s t i r r e d  in  

a water  b a th  a t  75-90° f o r  two hours .  The amine g r a d u a l ly  

d i s s o lv e d  to g iv e  a dark r e d  s o lu t io n .  The m a te r i a l  was 

then  poured in to  100 ml. o f  i c e  w ater  and l e t  s tand  w i th  oc­

c a s io n a l  s t i r r i n g  fo r  15 m inutes .  The b r i g h t  orange a c e t y l  

compound was f i l t e r e d  o f f  and d r ie d ;  the y i e l d  was p r a c t i c a l l y
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quan t i ta t ive .  The compound is  somewhat soluble in hot 

g lac ia l  ace t ic  ac id .  For* ana lysis ,  a portion of the product 

was pur if ied  through the ammonium s a l t  and dried a t  110° for  

5 hours.

Arsenic ca lculated: 20.7$ Arsenic found: 2,0.2$

7-glvcineamidofluorenone-4-arsonic a c id .

A 2 gram portion (0.00532 moles) of 7-aminofluore- 

none-4-araonic ac id  was mixed with 3.7 ml. of 2 normal po­

tassium hydroxide solution and 5 ml. of xrater, then di­

lu ted  with 15 ml. more of water and t rea ted  with 0.1 gram 

of potassium iodide and 1.5 grams (0.0151 moles) of 

chloracetamide. The c lear  wine-red solution was s t i r r e d  

in a boil ing water bath for  2̂  hours to give a red-purple 

p rec ip i ta te  of the glyclneamlde der ivat ive .  The insoluble 

portion was f i l t e r e d  and washed with water. The dry yie ld 

was 2 grams (85$). The compound may be c ry s ta l l ized  from 

alcohol by the addi t ion  of some ether.  Fine purple cry­

s ta l s  r e s u l t .  For analysis ,  the compound was pur if ied  

through the ammonium s a l t  and dried a t l lO 0 .

Arsenic calculated: 19.8$ Arsenic found: 19.8$

3. Proof of s truc tu re  of 7-nitrofluorenone~4-arsonic acid.

a. Mercuric ace ta te  fusion of 7-nitrofluorenone-4-dichIor-  
a r s in e .

The method of Sklles and Hamilton (112) was used. A 

1.5 gram portion of the supposed 7-nitrofluorenone~4-dichlor-
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a r s i n e  was In t im a te ly  mixed with an equal amount of  dry 

mercuric a c e t a t e  and fused  In a pyrex t e s t  tube s e t  in  a 

sand ba th ,  the temperature being r a p id ly  r a i s e d  to 340—550° 

and maintained a t  t h a t  l e v e l  f o r  7-3 minutes.  A f te r  cool ing ,  

the  t e s t  tube was crushed, and the  charred  m a te r ia l  was 

f i n e l y  ground and e x t ra c te d  w i th  two 5 ml. p o r t io n s  of  b o i l ­

ing g l a c i a l  a c e t i c  a c id .  The e x t r a c t  was t r e a t e d  with  char­

c o a l ,  f i l t e r e d ,  d i l u t e d  w i th  2 ml. of  w a te r ,  and s e t  to 

c r y s t a l l i z e .  Some 0.1 gram of  yellow c r y s t a l l i n e  m a te r i a l  

was ob ta ined  xtfhich gave an evanescent B e i l s t e i n  t e s t  f o r  

ha logen .  Melting p o in t  of  the  product was 212-214°.

Melting po in t  of pure 3 -n i t ro f lu o ren o n e  I s  218°. A mixed 

m elt ing  p o in t  of the  two m a te r i a l s  gave 215-217°.

b.  Proof of s t r u c t u r e  through 4 -am ln o -7 -n l t ro f lu o ren o n e . 

4 -am in o -7 -n l t ro f lu o ren o n e .

This compound was prepared  from f luorenone-4 -ca rboxy l ic  

a c id  using the  procedures  of  Moore and Huntress (78) .  The 

pure orange-red  compound, somewhat so lub le  in  hot a lc o h o l ,  

g l a c i a l  a c e t i c  a c id ,  and acetone melts  a t  289-290°.

7 -n i tP o f lu o ren o n e -4 -a r so n ic  a c i d .

A 4 gram p o r t io n  (0.0167 moles) of f i n e l y  d iv ided  4- 

a m in o -7 -n i t ro f luorenone was suspended in  200 ml. of ace tone  

and the  mixture was r e f lu x e d  f o r  5 minutes,  then immersed In 

an i c e -b a th  and th e  temperature taken to  5° with mechanical 

s t i r r i n g .  Concentrated s u l f u r i c  ac id  (4 grams, 0,039 moles)
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wa.s added drop-wise ,  and a so lu t io n  of  1 .4  grams (0.019 moles) 

of  sodium n i t r i t e  in  8 ml. of  water was added over a p e r io d  

of  3-4 minutes .  S t i r r i n g  was continued f o r  30 minutes when 

8 grams (0.0441 moles) of a r s e n ic  t r i c h l o r i d e  was added a l l  

a t  once and s t i r r i n g  extended an a d d i t i o n a l  30 minutes .  A 

0 .8  gram p o r t io n  of  cuprous bromide was then added and the  

mixture xvas s t i r r e d  a t  room temperature f o r  1-|- hours .  The 

temperature  was then r a i s e d  to 40° on a w ate r  ba th  and main­

ta in e d  a t  t h a t  temperature f o r  1 hour when n i t ro g en  evolu­

t i o n  had ceased .  The acetone  was steam d i s t i l l e d  away and 

400 ml. of  xvater was added to  th e  r e s id u e .  The s o l i d  mater­

i a l  was f i l t e r e d  o f f ,  washed w ith  w ate r ,  and e x t r a c te d  with 

500 ml. of warm water  con ta in in g  4 grams of  sodium b i c a r ­

bonate .  The f i l t r a t e  was deco lo r ized  w ith  carbon and a c i d i ­

f i e d  w ith  12 normal h y d roch lo r ic  a c id  to g ive  a yellow p re ­

c i p i t a t e  of  the  n i t r o a r s o n l c  a c id .  This was f i l t e r e d  o f f  and 

d r ie d  to y i e ld  2 .5  grams of  product (43$).

7 - n l t r o f l u o r e n o n e - 4 - d l c h l o r a r s i n e .

The method used p rev io u s ly  fo r  the  p r e p a ra t io n  of d i c h lo r -  

.a r s ines  was here  employed on 1.3  grams of  the 7 - n i t r o f l u o r e -  

n o n e -4 -a rsonic a c i d  of known c o n s t i t u t i o n .  Yield  was 1 .1  grams 

(53$) which was p u r i f i e d  a s  befo re  by c r y s t a l l i z a t i o n  from 

g l a c i a l  a c e t i c  a c i d ,  and d r ie d  a t  110° f o r  a n a l y s i s .

Arsenic c a lc u l a t e d :  20.3$ Arsenic  found: 20.6$

The p u r i f i e d  n i t r o d i c h l o r a r s i n e  melted a t  231-232° which 

corresponded to  t h a t  of the  n i t r o d i c h l o r a r s i n e  p repared  from
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f lu o re n o n e -4 -a r sonic  a c id .  A mixed m el t ing  p o in t  o f  th e  two 

gave 231-232°.

4. F luorenone-1 -a rson lc  a c id  and d e r i v a t i v e s .

1-amlno fluorenone..

Oxidation of  f lu o ra n th en e  to f i u o re n o n e - l - c a rb o x y l i c  

a c i d  was accomplished by the method o f  F i e s e r  and Seligman

(50) modified by the  p u r i f i c a t i o n  p rocedure  of  Bergmann 

and Orchin (12) .  The convers ion  of  the  ca rboxy l ic  a c id  

to 1-aminofluorenone was done using  procedures  of  H untress ,  

P f i s t e r  and P f i s t e r  (66) .  Melting p o in t  o f  the pure amine 

was confirmed a t  118-119°.

F luo renone-1 -a rson ic  a c i d .

A 15 gram p o r t io n  (0.0768 moles) o f  1-aminofluorenone 

d i s s o lv e d  in  150 ml. o f  ace tone  was poured in to  a mixture 

o f  100 ml. of 12 normal h y d roch lo r ic  a c id  and 400 ml. of 

w ate r  w ith  e f f i c i e n t  s t i r r i n g .  The amine was d ia z o t l z e d  a t  

10° with  a s o lu t io n  of  7 .0  grams (0.096 moles) o f  sodium 

n i t r i t e ,  added below the su r fa c e  over a p e r io d  of  20 minutes.  

S t i r r i n g  was cont inued f o r  30 minutes more, and the  a d d i t io n  

of  1 gram of u rea  was made. A f te r  15 minutes ,  the mixture 

was added in  small  p o r t io n s  to a s o lu t io n  of 15 grams (0.0760 

moles) of  a r s e n i c  t r i o x i d e ,  15 grams of  sodium b ic a rb o n a te ,

50 grams of potassium hydroxide and 3 grams of copper s u l f a t e  

d i s s o lv e d  in  600 ml. of  w ate r .  The a d d i t i o n  r e q u i red  30 

minutes and 6 normal sodium hydroxide was added as  necessary
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to m ain ta in  s l i g h t  a l k a l i n i t y .  Benzene may he used to 

p reven t  foaming. The mixture was l e t  s ta n d  3 hours,  

slowly hea ted  to b o i l i n g  u n t i l  n i t ro g e n  evo lu t ion  was com­

p le t e d ,  f i l t e r e d ,  and a c i d i f i e d  with 6 normal hydroch lor ic  

a c id .  The p a le  yelloxy s o l i d  xyas f i l t e r e d  o f f ,  washed and 

d r ie d  to give 10.5 grams (45$) of  the a r s o n ie  ac id .  P u r i ­

f i c a t i o n  was accomplished through the  sodium s a l t  and the 

compound was d r ie d  a t  110° f o r  a n a ly s i s .

Arsenic c a lc u l a t e d :  24.6$ Arsenic found: 24.9$

The mono-sodium s a l t  was prepared  as in  the  case of 

f lu o re n o n e -4 -a rs o n ic  a c id .

1-a r se n o so f lu o re n o n e .

The procedure used in  the  p re p a ra t io n  o f  the 4 -a r se n -  

oso compound was rep ea ted .  Y ie ld  x^as 95$ o f  l i g h t  yelloxv 

compound.

Arsenic c a lc u l a t e d :  27.7$ Arsenic found: 27.9$

F l u o r e n o n e - l - d l e h lo r a r s ln e .

The method of  p re p a ra t io n  xjas s u b s t a n t i a l l y  the same as 

t h a t  used f o r  f lu o re n o n e -4 -d ic h lo ra r s in e .  The y i e ld  of  y e l ­

low c r y s t a l l i n e  m a te r i a l  was 85$. Melting p o in t  xiras 138-140°. 

Arsenic c a lc u la te d :  23.1$ Arsenic  found: 23.3$

7 - n i t r o f l u o r e n o n e - l - a r s o n i c  a c i d .

D irec t  n i t r a t i o n  of f lu o re n o n e -1 -a r s o n ic  a c id  was 

e f f e c t e d  as in  the  case of f lu o renone -4 -a rson ic  a c id .  Yield 

o f  yellow product  was 90$.

Arsenic c a lc u l a t e d :  21.6$ Arsenic found: 21.1$
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T - n i t r o f l u o r e n o n e - l - d i c h l o r a r s i n e .

Prepared as  in  the  case of  the 4 - d e r iv a t iv e ,  the  y i e ld  

of  yellow c r y s t a l l i n e  m a te r i a l  was 80$. The product melted 

a t  215-217°.

Arsenic c a lc u la te d ;  20*3/6 Arsenic  found; 20.0$

7~amlnofluorenone-l~arsonlc a c i d .

7 -n l t r o f lu o re n o n e -a r s o n ic  a c id  was reduced to  the 

amine with f e r ro u s  hydroxide, using the  procedure employed 

in  the 4 -a rson ic  a c id  s e r i e s .  A l i g h t  "brown compound was 

o b ta ined  in 55$ y i e ld .

Arsenic c a lc u l a te d :  23.5$ Arsenic found: 23.1$

7 -ace tam in o f lu o ren o n e- l -a rso n ic  a c i d .

A 1 .2  gram p o r t io n  o f  7 -am inof luorenone- l~arsonic  a c id  

was t r e a t e d  a t  near  r e f lu x  temperature  f o r  2 hours w ith  10 

ml. of a c e t i c  anhydride .  The orange-brown so lu t io n  was then 

poured in to  25 grams of a mixture  of ic e  and water and allowed 

to come to room temperature w i th  occas iona l  s t i r r i n g .  The 

yellow-orange product was f i l t e r e d  and d r ied .  Yield  of  the 

acetamino compound was 0 .6  grams (42$). Since p u r i f i c a t i o n  

through the ammonium or  sodium s a l t  seemed a t tended  with 

h y d ro ly s is ,  the compound was r e c r y s t a l l i z e d  from g l a c i a l

a c e t i c  ac id  f o r  a n a ly s i s  and d r ie d  a t  110°.

Arsenic c a lcu la te d :  20.7$ Arsenic found: 20.5$
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7-prlyclneamldef luo renone -1 -a r  sonic a c i d .

The compound was prepared  as in  the case of  the  co r re s ­

ponding 4 -a r so n ie  a c id  d e r i v a t i v e .  Yield  of  r e d -p u rp le  com­

pound was 72$. For a n a ly s i s ,  p u r i f i c a t i o n  was e f f e c t e d  through 

the  ammonium s a l t .

Arsenic c a l c u l a t e d :  19.9$ Arsenic  found: 19.7$

5. The Bechamp r e a c t i o n  on 1-amlnofluorenone.

P re p a ra t io n  of  a r s e n i c  a c i d .

One hundred grams of pure a r s e n ic  pentoxide was re f lu x ed  

w ith  500 ml. o f  water  fo r  one hour. The mixture  was 

cooled and f i l t e r e d  from the  small  amount o f  in so lu b le  r e s i ­

due. The c l e a r  s o lu t io n  was evapora ted in  a d ish  with f r e ­

quent s t i r r i n g  u n t i l  the  concen tra ted  l i q u o r  had transformed 

in to  a th ic k  p a s t e  of  c r y s t a l s .  The tem perature  in  the 

evapora t ion  p rocess  was kep t  above 100°, bu t  was no t  p e r ­

m i t ted  to r i s e  above 115°. Upon cool ing ,  the  m a te r ia l  so l ­

i d i f i e d  e n t i r e l y ,  and i t  was ground and d r ied  in  the  oven 

a t  110° fo r  4 hours .  I t  was then quickly  t r a n s f e r r e d  to a 

t i g h t l y  sea led  c o n ta in e r .

Arsonat lon  of 1-amlnofluorenone.

A 6 gram p o r t io n  (0.0308 moles) of dry 1-aminofluore­

none was p laced  in  a 60 ml. Pyrex t e s t  tube and the tube 

immersed some 1-| inches in  an o i l - b a t h .  The temperature was 

e l e v a te d  to 145° and 3 grams of s o l i d  a r s e n i c  ac id  (0.0187 

moles,  c a l c u l a t e d  a s  HgAsO^ • HgO) was added over a pe r iod
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of 10 minutes with continual h an d -s t i r r in g .  The tempera­

ture  was then ra ised  to 160-165° and maintained a t  tha t  

leve l  for  2 hours and 15 minutes. At the end of the f i r s t  

15-20 minute period, the mixture had thickened considerably 

and only occasional s t i r r i n g  was then applied. Moisture, 

co l lec t ing  on the upper walls of the t e s t  tube, was removed 

by inse r t ion  of ro l led  f i l t e r  paper from time to time. The 

m ater ia l  was removed from the oi1-bath, cooled, and ex t rac t ­

ed with four 15 ml. portions of boil ing 3 normal sodium hy­

droxide. The combined deep yellow f i l t r a t e s  were cooled and 

ca re fu l ly  a c id i f ied  with 6 normal hydrochloric acid u n t i l  

s l ig h t ly  acid. The p rec ip i ta ted  orange-yellow aminoarsonic 

acid ,  (probably l-aminofluorenone-4-arsonic ac id ,)  was f i l ­

te red o f f ,  washed and dried to give 0.70 grams which corres­

ponded to 11.7$ y ie ld  based on weight of arsenic acid used. 

P u r i f ic a t io n  as the sodium or ammonium s a l t  yielded f rac t ions  

which gave 3-5$ low arsenic contents.  A b e t t e r  p u r i f i c a t io n  

was effected by the slow addition,  with e f f i c ie n t  s t i r r i n g ,  

of 1 normal hydrochloric acid  to a solut ion of the sodium 

s a l t  u n t i l  about one-third of the material had p rec ip i ta ted .  

This was then f i l t e r e d  off ,  and p rec ip i ta t io n  was completed 

by the addition of more hydrochloric acid to the f i l t r a t e .

The second f r a c t i o n  p o s s e s se s  an a r se n ic  content  that  comes 

w ith in  1-2$  o f  the proper v a lu e .
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V. SUMMARY AND CONCLUSION

Nineteen new f luorene a r s e n ic a l s  have been descr ibed.  

The chemical s t r u c tu r e s  of  fo u r teen  o f  th e se  have been  

e s t a b l i s h e d .  For the remaining f i v e  compounds, the pro­

bable s tru c tu res  have been in d ic a te d .

The Bechamp r e a c t io n  has been a p p l ie d ,  fo r  the f i r s t  

time,  to the f luorenone amines, r e s u l t i n g ,  in  the case of  

1-aminof luorenone,  in  a new a r s e n ic a l .

Improvements in  the preparation of  some of  the in t e r ­

mediates  have been reported,  p a r t i c u l a r l y  in the case  of  

diphenic a c id  and the use o f  the S c h e l l e r  r e a c t io n  f o r  the 

preparat ion  o f  f lu o re n o n e-2 -a rso n ic  a c id .  Acetone has been 

recommended as the so lv en t  f o r  S c h e l l e r  r e a c t io n s  in  pre­

ference  to a lc o h o l  or g l a c i a l  a c e t i c  a c id .

The pharmacological va lues  o f  the new compounds have 

y e t  to be a s c e r ta in e d .  An attempt w i l l  be made to pub l ish  

any s i g n i f i c a n t  f a c t  d iscovered p er ta in in g  to the pharma­

c e u t i c a l  value o f  the a r s e n i c a l s .  The sodium s a l t s  o f  two 

o f  them, f lu o r e n o n e - l - a r s o n ic  a c id  and f lu o reno n e-4 -a rso n -  

i c  a c id ,  have been submitted fo r  screen ing .

I t  i s  hoped, in any event ,  that the chemistry o f  f lu o r ­

ene has been, to some degree, advanced.
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