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the silver ion in this complex was coordinated 
mainly at  the vinyl side chain rather than with the 
ring. 

Although phenanthrene forms a more stable 
silvw ion complex than does benzene, the KO 
values for the iodine coniplexes of these aromatics 

are the same. I t  is possible that the phenanthrene- 
iodine results are somewhat in error as spectro- 
photometer readings, in this case, were made a t  
high slit width settings, a procedure which is 
undesirable where high precision is required. 
DAVIS, CALIFOKSI.4 
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Chemical Reactions of Complexes. I. Action of Hydrazides on Nickel 
Disalicylaldehyde 

BY LGIGI SACCOSI 
R E C E I V E D  M A R C H  31. 1YSL 

The reaction of hydrazides of the type H&-NH-CO-R with nickel disalicylaldehyde (or with nickel acetate and salicyl- 
If R = alkyl or arylalkyl, symmetrical paramagnetic ionic compounds aldehyde) is dependent on the nature of the R group. 

are formed. If R = Ph or substituted Ph, bicyclic planar complexes are formed. 

Starting with the first syntheses of Pfeiff er and 
inany complexes of metal o-oxyazo- 

molecule of salicylidenebenzoylhydrazine reacting in 
enolic form, as represented by the reactions shown. 
These complexes, orange to red in color, are insol- 
uble and stable in concentrated aqueous alkalies. 
.They are diamagnetic and therefore have a planar 
arrangement of dsp' covalent bonds. The H---0 
bond in formula I accounts for the stability of the 
four planar bonds as well as the stability toward 
alkalies. The formation of bicyclic complexes when 

co-workers, 
iiiethines have been described. 

On treating nickel disalicylaldehyde with hydra- 
Of the type H2N-"-C0-(CH2)n-K! where R = phenyl and = 0 is undoubtedly due to the 

enolizing influence of the CaH5-CO- gioUp, ' represents Or phenyl groups! his- 

compared with that of the alkyl -CO- and the 
phenylalkyl -CO- groups.? 

The bicyclic complexes are slowly transformed 
into symmetrical complexes by reaction with sali- 
cylaldehyde, either liberated from nickel disalicyl- 
aldehyde or added as such. This type of reaction 
can be represented by 

salicylidenehydrazides of the following structure 
are formed 

R-( CH,h-CO 

S H  

,-- , 

I + H@-CsI€4--CHO + 
S I-I CeH:,-C--.OI i 
i 1 ;  

i 
CCr( CH2L-R s 

These complexes, green in color, are paramagnetic 
with a moment of about 3.3 Bohr magnetons. 
They therefore have four ionic sp3 bonds and a tet- 

If K = phenyl and n = 0,  two series of cornpounds + Hz0 
rahedral configuration. I 

I1  S 
/ I  are obtained. Initially formed are bicyclic com- HO-C-CcHi, 

These complexes, greenish-yellow or 
XH=O. O b 0  yellow in color, are soluble in sodium 

hydroxide solution, from which they 
are precipitated by carbon dioxide or 
acetic acid. This behavior indicates 
an enolic form of the hydrazidic group. 
These substances are paramagnetic with 
~ . t t  corresponding to two unpaired elec- 
trons, indicating a probable tetrahedral 

liO---C&r--CHO f HIO + structure. 
I o-Aminobenzoylhydrazint: is an ex- 

ception, however, since the following 
plexes containing a tridentate group produced by a asymmetrical paramagnetic complex is first 

< I > -0' >si( 'TJ 
-1- zH2N--.xH -co--ca; 

< C f I  
L.... d 

S=C-CeHj 
3. 

Si 

( 1 )  P Pfeiffer and --workers, 1, p r d l .  Chcm., 199, 183 (18313; 
146, 243 (1936); 150. 261 (1938); A P I M . ,  503, 84 (1933); Aiipcw. Chcni., 
62, 201 (1'380); L. Hunter and J .  A. Alarriott, J .  Che,,r. Soc., 2000 ( 2 )  I<. A Llortun,  A. I l a ~ h a i i  and 'P. C. Calluway, ib id . ,  883 
(1937). (1934). 
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Because oi strain, the complex is ioriic and probabl!. 
tetrahedral, as shown by the value of kef, = 3.0. 
I hi5 cornpound, treated with o-arninobeiizo~lhv- 

tlrwitie, yields the correspondiiig tliarnagrictic lii- 
cyclic coinp1t.u 

I .  

\ -c Ct,lI, \ l l .  

On treating the bicyclic complex I with alcoholic 
sodium hydroxide, a red solution results. From 
t h s  solution a substance precipitates in which the 
ratio of Ni to S is I : 2 and which can be corisidered 
as the sodium salt of nickelo-salicylideiie~eti~o~l- 
hydrazine hydroxide (111). The sariit' coiiiplex is 
formed when .the complex nickel aiiiine-salicyli- 
denebenzoylhydrazide which is formed fro111 nickel 
acetate and salicylidenebenzoylhydrazine i n  diiiiiio- 

nia solution is treated with alcoholic sodiurii h j  - 
droxide. To this complex, which is diamagnetic 
and therefore planar with respect to the four dsp' 
covalent bonds, the formula 11. must be assigned. 

metrical but not bicyclic complexes with lxiizhy- 
drazide and nickel ion. 

Experimental 
All of thr coiuplexcs herein reported are very sparingly 

wluble in alcohol, ether, chloroform and benzene. 
Preparation of Complexes with H2S-NH-CO-( CH2,kR. 

--Two general methods of preparation were used. First 
iriellrod: Nickel disalicylaldehytlr was suspended in :i 
solutioti of the hydrazicle it1 alcohol (,iV--lOO ml. of alcohol 
per one gram of tiickel disalicSrlaldehyde). The ratio of 
reactaxits was 2.2 iiioles of hydrazide to one mole of nickel 
rlisalicylaldrhyde. .Second iiicthod: A solution of the 
hydrazide iii alcohol I iddetl to a \vater solution of nickel 
mxtate (one gram in I O  1111. 1 aiid the salicylaldehyde. The 
ratio of reactants was: 2 iiiolch of hydrazide l o  one inok of 
iiickei acetate to 2 iiiole\ of sulicylaltlehyde. In both 
cases the mixture WIS heatell 0 1 1  the water-bath under re- 
f lus ,  giving a solution frorii which the complex precipitated. 
Aftcr cooliiig, the coiiiples \vas filtered, washed with alcohol 
arid ether, :uicl dried over phosphoric oxide in 5 Vacuum 
desiccator. The tlrietl swiiiples were usually pure enough 
for analysis. 

Nickel Bis-salicylidenebutyry1hydrazide.--Light greeii 
microcryhtalline powder Ivhich does riot melt a t  350'. dnul. 
Calcd. for C22fln&4S1Si: S. I 1  .%I: Si, 12..51. Fouritl: 
S .  11.fjX; Si, 12.02. 

Nickel Bis-salicylidenecaprony1hydrazide.~--Light grew 
iiiicrocrystalliiit. jiowdcr which ~ C J C ~  i i o t  nielt at 350'. 
. l r i < i l .  C.~lcti.  for C 2 t i l i , , , 0 , S 4 S i :  S, llt.ti7; S i ,  11.17. 
I;ou~id: S ,  10.XX; Si, I I . IJS.  

Nickel Bis-salicylidenelaury1hydrazide:- 1,ight greeu iui- 
~.i-ucry3tulliiic ~)owtlei- which tlccoiiiposes above :%". 
. I  r i d .  C:ilctl. for C,,8H.,b(J4S4si: s, 8.08; Si, S.4li. 
1:ouiid: S. 8.21; hi, X . . X .  

Nickel Bis-salicvlideneiiivristv1hvdrazide.--Light ereeti- - . <  

i-ii pow-cler \r.tiicti 2eco1riposes above 3 150. A n 2 .  Ealct~.  
for C4,H,,,04S4Si: S, 7.17; Si ,  7.83. Found: 
S, 7 . U ;  Si, X.03 .  

Nickel Bis-salicylidenephenylacetylhydraz- 
' O  S;i..VH,O ide.   light grwii powder which decomposes 

( t o .  :1 r i c l l .  C~tlctl.  for C:lrjH2601SINi: S ,  
Si, iO.;4X. 1;ouiid: S, Y.YO; S i ,  10.38. 

ckel Bis-salicylidenephenylpropionylhy- 
drazide. -Light greeti iiiicrocrystalline powder 
ivhich ilecoitiposeh above :IOO". Anal.  Calcd. 
for C:r2Fla,104S4Si: S 44: S i ,  9,89. I;outitl: 
S, 9.53; Si ,  9.80. 

Preparation of Bicyclic Complexes with 
I I , S  -SH -CO-K.- -111 these preparatioiis R i h  
: i n  aryl group. I t  i, usually better to ux 
iiickel tlisalicylaldrhyde rather thaii nickel 

P I 1 0  --c6111 - C I I  --s 8"b acetate. ~ 1 1 e  first iiiettioti of preparation \\-a. 
iiyetl. but \\ itliout rcflus. The coiriples Ivhich 

Of I .,CH-~S, ~ :>o precipitatetl firm the  browti or  red ~Autiori 
\I :ts rupitlly- liltered. syiiiiiietrical coni- 

. _ _ _  iilcx which Eoi-trtrtl coticurretitlv \vas reiiiovctl 

I .y ... :C -cy[., 
:tlcoholic NaOH 

1 - 
Si 

I l l  
? j 

i 
~ alcoholic 
i SaOH 

- .  
c €1 ,jCOOH 

I 1  f-- 

A. 

~ = ~ C - - -  -c 
~ 

1- 

S i  acetate 1- I i a S  --SH --CO -C6Hi , 
I \  

Bicyclic complexes of type I cannot be prepared 
from nickel acetate, salicylidenebenzoylhydrazine 
a n d  a hydrazide. Instead, type I1 cornplexeq are 
formed since the hydrazide does not take part in  
the reaction. These symmetrical complexes 'ire 
AISO formed by the action of acetic acid o n  the hy- 
tlroxocomplex 111. 

The bicyclic complexes melt with decorripositiori 
more than 30" below the decomposition tempera- 
tures of the corresponding symmetrical coriiplexes. 
This is additional evidence of the covalent charac- 
ter of the bonds in the bicyclic type of complex. 

Schiff's bases of the symmetrical complexes are 
formed when m- and p-aminobenzoylhydrazine 
are used. Pure samples of these compounds have 
no t ,  however, been obtained o rid they :iry i l o t  rc- 
ported in detail. 

.i-Chloro- m d  . ? - l ~ r o ~ i i t ~ s ~ ~ l i c ~ l ~ ~ l ~ l ~ l i ~ ~ l ~  gir c syiii- 

i,y \variniiig thr. iixixturr with i% sotliulii hy-  
droxide, filteritig : t r i d  washi~ig t he residue Lvitl i  
water, alcohol arid ether. 

Nickel Benzoylhydrazine Salicylidenebenzoylhydrazide. 
---Red-orange crystalline powder, melting a t  255-257' with 
decomposition. .I ntil. 
Xi,  13.55. Foutitl: S, 

Nickel in-Chlorobenz 
benzoylhydrazide: - Orungc crystalliiie powder as  sriiall 
plateh, iricliing a t  2511 -251 ' w i t h  tlecoiiipositioii. : 1 ? ? ~ / .  
Calctl. for C2~l-Il6O;,S4CI~Si: S. 10.93; S i ,  11.4.7; C i  
1-4.1tj. I 'oui i t l :  S, l l . i l2 :  S i ,  l I . 7 X ;  CI, 14.24. 

Nickel p-Chlorobenzoylhydrazine Salicylidene-p-chloro- 
benzoylhydrazide. -Oraligc.-~:iliuoii iiiicro~ry.;talliiie powlet. 
. I >  very sinal1 nerdlei, 
Calcd. for C.'IHI,,01S4Cl 
14.16. Found: S, 10.93 

Nickel m-Nitrobenzoylhydrazine Salicylidene-m-nitroben- 
zoy1hydrazide.-Orange crystalline powder as needles and 
rhombic plates, melting at 259-261 O with decomposition 
Anal. Calcd. for Co,H,~07N6.Ni: 5.  16.07: Xi. 11.22 

~ . ~~~ 

~ ~ o u n d :  S,  1 ~ 1 7 :  si; 1Y.i0." 
Nickel />-Nitrobenzovlhvdrazine Salicvlidene-b-nitroben- 



Sept. 20, 195% .ICTION O F  HYDRAZIDES O F  N I C K E L  DISSLICYLALDEHYDE 4505 

and 1.76 g. of the hydrazide in 80 ml. of alcohol, giving a 
red microcrystalline powder which decomposes a t  280". 
Anal. Calcd. for CzlHlsOlNeNi: N, 16.07; Ni, 11.22. 
Found: N, 16.12; I%, 11.51. 

Preparation of Symmetrical Complexes with H2N-NH- 
CO-R.-In these preparations R is an aryl group. Either 
general method may be used. Treatment on the water- 
bath under reflux is necessary in order to transform the bi- 
cyclic complexes into the symmetrical complexes. It is 
advisable to use 2 ml. of salicylaldehyde in excess for each 
gram of nickel disalicylaldehyde or nickel acetate used. 

Nickel Bis-salicylidenebenzoy1hydrazide.-Yellow crys- 
talline Dowder as rhombic dates. decomuosine a t  285-290'. 
Anal. 'Calcd. for CzBH22b4N&i: S, -10.45; Ni, 10.92. 
Found: N, 10.63; Ni, 10.88. 

Nickel Bis-salicvlidene-o-ch1orobenzovlhvdrazide.- 
Greenish-vellow microcbstalline Dowder. meltin$? a t  295- 
300' witg decomposition. , 4 n ~ l . ~  Calcd. for C;8HzoO4N4- 
C12Ni: N, 9.24; C1, 11.70; Ni, 9.68. Found: N, 8.94; 
C1, 11.61; S i ,  9.62. 

Nickel Bis - salicvlidene - m - chlorobenzovlhvdrazide. 
Greenish-vellow micro&vstalline Dowder . meltini a t 3  15-320 
with decomposition. knal. Cilcd. for CzsH~o04N4ClnPii: 
N,9.24; C1, 11.70; Xi, 9.68. Found: N, 8.98; C1, 11.77; 
Ni, 9.62. 

Nickel Bis-salicylidene-p-chlorobenzop1hydrazide.- 
Greenish-vellow microcrvstalline Dowder which does not 
melt a t  350". -Anal. -Calcd. f i r  Cz~HzoO4SaClzNi: S, 
9.24; C1, 11.70; Ni, 9.68. Found: S, 9.27; C1, ll.,%; 
S i ,  9.46. 

Nickel Bis-salicvlidene-m-nitrobenzovlhvdrazide .-Green- 
ish-yellow microGystalline powder whkh- does not melt a t  
330". And.  Calcd. for Cz&hO.&6Si: S, 13.40; Xi, 
9.36. Found: N, 13.19; Xi, 9.43. 

Nickel Bis-salicvlidene-@-nitrobenzov1hvdrazide.-This 
compound was obtaked by- treating the corresponding bi- 
cyclic complex, suspended in alcohol with a great excess of 
salicylaldehyde, on the water-bath under reflux for several 
hours. Orange-brown microcrystalline powder which does 
not melt a t  335'. Anal. Calcd. for CzsHzoOsSelUi: S,  
13.40; Ni, 9.36. Found: S, 13.36; S i ,  9.37. 

Nickel Bis-salicylidene-painobenzoy1hydrazide.- 
Better prepared by the second method. Greenish-yellow 
powder which does not melt a t  350". Anal .  Calcd. for 
C2sHza04XisNi: S, 14.82; S i ,  10.35. Found: X,  14.59; 
Ni, 10.38. 

Nickel Salicylidene-o-aminobenzoy1hydrazide.-One 
gram of nickel acetate in 10 ml. of water was mixed with 
0.6 g. of o-aminobenzoylhydrazine in 25 ml. of alcohol and 
0.5 E. of salicvlaldehvde. On the water-bath under reflux 
the compound precipitated as a yellow microcrystalline 
powder which does not melt a t  350".  zlnal. Calcd. for 
Cl4HlzOZN3~i:  N, 13.43; S i ,  18 75, Found: S,  13.62; 
Ni, 18.92. 

Nickel o-Aminobenzoylhydrazine Salicylidene-o-amino- 
benzoylhydrazide.-The preceding compound was sus- 
pended in an alcoholic solution of o-aminobenzoylhydrazine 
and boiled on the water-bath under reflux. Orange- 
salmon microcrystalline powder, as small needles. A nul. 
Calcd. for C d & o 0 3 ~ 6 ~ i :  S, 18.15; S i ,  12.66. Found: 
N, 18.13; Ni, 12.64. 

Nickel Bis-5-chlorosalicylidenebenzoy1hydrazide.-Pre- 
pared by reflnxing on the water-bath a mixture of a 10% 

water solution of nickel acetate, a 5% alcohol solution of 
benzoylhydrazine, and a 3% alcohol solution of k h l o r o -  
salicylaldehyde. The reagents were in the mole ratio of 
1:2:2, as listed. The product is a greenish-yellow powder 
which does not melt at 330'. Anal. Calcd. for CzsHzo- 
OAN&Ni: N, 9.24; Ni, 9.68. Found: N, 9.16; Ni, 10.13. 

Nickel Bis-5-bromosalicylidenebenzoyll1ydrazide was pre- 
pared as in the preceding case. Greenish-yellow powder 
which does not melt a t  360". Anal. Calcd. for C2sH20- 
O,NdBr,Ni: N, 8.06; Ni, 8.44. Found: N, 7.98; Ni, 8.19. 

Nickel Amine Salicylidenebenzoylhydrazide.4. 6 g. of 
salicylidenebenzoylhydrazine, dissolved in 35 ml. of con- 
centrated ammonia, was miged with 0.5 g. of nickel acetate 
in 5 ml. of concentrated ammonia. The solution was 
warmed on the water-bath. The red orange solid which 
precipitated after 15-30 minutes was filtered and washed 
with water. Anal. Calcd. for C~H1302N3Ni: N, 13.39; 
Ni, 18.70. Found: N, 13.37; Ni, 18.83. 

Magnetic Measurements.-Susceptibility measurements 
were made by means of the modified Bhatnagar balance pre- 
viously described.8 The results are given in Table I. The 
values of X A  are obtained from XmDl by use of Pascal's 
 constant^,^ the values of peil  in Bohr magnetons are calcu- 
lated from perf = 2.84 l/x while n is the number of 
unpaired electrons calculated from the familiar "spin only" 
formula. 

TABLE I 
t ,  

Nickel hydrazide , OC. Xg X m d  X A  pe i  n 
Bis-salicylidenebutyryl 25.1 8.85 4122 
Bis-salicylidenecapronyl 25.1 8.97 4710 
Bis-salicyli denelauryl 25.1 6.50 4506 
Bis-salicylidenemyristyl 25.1 5.64 4229 
Bis-salicylidenephenylacetyl 26.3 7.45 4211 
Bis-salicylidenephenylpropionyl 26.3 6.72 3986 
Bis-salicylidenebenzoyl 25,l 6.70 3599 
Bis-salicylidene-o-chlorobenzoyl 25.1 6. 75 4091 
Bis-salicylidene-m-chlorobenzoyl 25.1 6.24 3782 
Bis-salicylidene-p chlorobenzoyl 25.1 G. 92 4194 
Bis-snlicylidene-m-nitrobenzoyl 25.1 5.80 3639 
Bis-salicylidene-p-nitrobenzoyl 25.1 6.12 3838 
Salicylidene-o-aminobenzoyl 24.9 11.4 3507 
Bis-salicylidene-p-aminobenzoyl 25.1 7.06 4004 
Bis-5-chlorosalicylidenebenzoyl 24.9 6.85 4155 
Bis-5-bromosalicylidenebenzoy1 24 9 5.94 4130 
Benzoylhydrazine salicylidenebenzoyl and other 

bicyclic complexes Diamagnetic 
Amino salicylidenebenzoyl Diamagnetic 

4341 3.0 2 
4976 3.4 2 
4856 3.4 2 
4663 3.3 2 
4481 3 2 2 
4282 3 2 2 
3850 3 0 2 
4376 3 2 I 
4067 3 1 2 
4479 3 3 2 
3895 3.1 2 
4094 3 2 2 
3656 3.0 2 
4272 3.2 2 
4440 3 2 2 
4436 3 2 2 

0 0  
0 0  
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