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ABSTRACT

Thermal reaction of salicylal dehyde-p-hydroxybenzoylhydrazone (sbhH,) with Cr(CO), in absolute EtOH under re-
duced pressure gave the oxodicarbonylchromium complex, CrO(CO),(sbhH,). When the reaction was carried out in
MeOH in day sunlight, the oxochromium complex CrO(sbhH.,), was isolated. Reflux of sbhH, with molybdenum
hexacarbonyl in absolute EtOH in either air or under reduced pressureyiel ded the bis-derivative Mo(sbhH),. However,
When the reaction proceeded in sunlight in methanol, the dioxomolybdenum complex MoO,(sbh) was isolated.
W(CO), reacted with sbhH, in ethanol to give adinuclear complex with amolecular formulaW,O,(sbh),. The molecular
structures of the complexes were determined based on elemental analysis, vibrational (infrared and Raman), tHNMR
and mass spectra. It was proved that the hydrazone coordinates via the hydrazone or the azine forms.
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INTRODUCTION

Hydrazoneswere extensively investigated dueto
their potentia applicationsasantivira or anti-inflam-
matory agents either in the free or metal complexed
states?. Hydrazones are al so interesting chelating
agents® and their derivativesare used asfungicidesand
inthetreatment of diseases such astuberculosisand
mental disordert. Aroylhydrazones constituteimpor-
tant dassesof organic compounds. Theinterest for these
compoundsmay arise owingtotheir biological activi-
ties, strong tendency to chelatetransition metal§®, lan-
thanide'® and main group metals, forming complexes
with the aroylhydrazone acting as a neutral or
mononegative bidentateligand, or even asadianionic
ligand depending onthe aroyl substituentsand there-
action conditiong™.

Themetd hexacarbonylsof group VI areextremdy

useful intermediatesfor the preparation of organome-
talliccompounds of chromium, molybdenum andtung-
sten. Most of thereactionsinvol venucleophilic substi-
tution of oneor more CO groupswith other ligands®.
Variousmeta carbonyl derivatives play animpor-
tant rolein homogenous cata ysi sinvol ving hydrogena:
tion, hydroformylation, carbonylation and oxo transfer
reactions’®. Reactions of metal carbonyls with
hydrazonesarerdativey lessstudied?. Sointhiswork,
theresults obtained from thereactions of M(CO), (M
= Cr, Mo and W) with salicylaldehyde p-
hydroxybenzoyl hydrazone (sbhH.) aregiven.

EXPERIMENTAL

Reagents

The metal carbonyls Mo(CO),, Cr(CO), and
W(CO), were purchased fromAldrich. They were of
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high purity and were used without further purification.  agent gradeand werepurified by distillation beforeuse.
Sdlicylaldehydeand p-hydroxybenzoylhydrazinewere  TABLE 1 givesboth the elementa analysisand mass
supplied from Fluka. All solventswereof anaytical re-  spectroscopic dataof the studied complexes.
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TABLE 1: Microanalytical, massand *HNM R data of the complexes

% calculated (found) Mass data .
Compound HNMR (ppm)a
C H N MW m/z
sbhH, 65.63 (65.20) 4.69 (4.38) 10.94 (10.71) 256 [ 6.86-7.84m, 8.59 s,10.05s, 11.37s,b,11.80s
CrO(CO),(sbhH,) 44.40 (44.03) 3.16 (3.05) 7.37(7.27) 380 336 [P-(CO+Q]" -----------
CrO(sbhHy), 57.94(57.72) 4.134.05 9.65(9.56) 580 576[P-4H]"  ------------
Mo(sbhH), 55.055.3 3.63349 924918 606 353 [P-L] 6.76-7.86m, 8.59 5,8.83s, 11.8 b
MoOy(sbh) 43484364 262251 7.337.27 382 382[P* 6.85-7.86m, 8.855,10.20 s,
W,,0,(sbh), 35853565 213210 597592 940 469[VU2P]"  6.86-7.90m, 8.84 s,10.26s,

a: m multiplet, s singlet, b broad

|nstruments

Theinfrared measurementswere performed ona
Bruker FT-IR spectrometer with the use of KBr. The
Raman measurementsfor the solid sampleswere per-
formed on aNicolet FT-Raman spectrometer equi pped
withaYAG laser of wavelength 1064 nmusing alaser
power of ca. 200 mMW. Thenuclear magnetic resonance
measurements were carried out on a Spectrospin-
Varian Hg 300 MHz NM R spectrometer. Thesamples
weredissolved in (CD,),SO using tetra-methylsilane
(TMS) asaninternd reference. Themass spectroscopic
measurements were performed on aFinnigan MAT
SSQ 7000 spectrometer. Elementa anayseswere car-
ried out on aPerkin EImer 2400 CHN elemental ana-
lyzer. The Magnetic susceptibilitiesof the paramagnetic
complexesinthe solid state (Gouy method) werere-
corded on a Sherwood magnetic susceptibility balance.
Diamagnetic correctionswere made by Pascal’s con-
stant and Hg[ Co(SCN), ] was used asacalibrant.
Synthesis of salicylaldehyde-p-hydroxybenzoyl-
hydrazone(sbhH.,)

A mixtureof sdicylddehyde (6.0 cm?®, 0.05mol) and
p-hydroxybenzoylhydrazine(7.0g, 0.05mol) in50 ml
absolute EtOH was hesated to reflux on awater bath for
3hrs Theproduct wasfiltered of f asye low solid, washed
with EtOH, recrystallized from absolute EtOH to give
faint yelow crystals(yidd; 82.0 %, m.p. 235C).

Synthesis of the complexes
Synthesisof CrO(CO),(sbhH,)
Cr(CO), (0.109, 0.45 mmol) and sbhH, (0.12 g,

0.45 mmol) weremixed together in aseal ed tube con-
taining ca. 20 mL absolute ethanol. The mixture was
degassed and then heated for 48 hrs. Thecolour of the
reaction mixturewasturned from col ourlessto brown
colour. Thereaction mixturewasthen cooled and the
solvent wasremoved on avacuumline. Thebrownresi-
duewaswashed severa timeswith boiling petroleum
ether and then recrystallized from hot ethanol to give
very finebrown crystals. The complex wasleft to dry
under vacuum (yield: 64 %, m. p. >300°C).

Synthesisof CrO(sbhH,),complex

Cr(CO), (0.10g, 0.45 mmol) and sbhH, (0.12 g,
0.45 mmol) weredissolved in ca. 100 mL methanol.
The solution wasirradiated by sunlight for 4 daysin
winter. During theirradiation, the colour of thereaction
mixture changed from colourlessto dark yellow. After
theirradiation, the reaction mixture was evaporated
under vacuum, yielding abrown solid. Thebrownres-
duewaswashed severa timesby methanol and petro-
leum ether and then recrystallized from hot ethanol to
givebrown crystals. The complex was| eft to dry under
vacuum (yield: 72 %, m. p. >300°C).

Synthesisof Mo(sbhH),

Mo(CO), (0.05g, 0.19 mol) and sbhH, (0.089 g,
0.38 mol) were mixed together in ca. 20 mL absolute
ethanol. The mixturewas degassed and heated to re-
flux for 30 minutes, at which adark brown solutionwas
obtained. Thesolvent wasremoved andthedark brown
res duewaswashed severa timesby boiling petroleum
ether. Thecompound wasthen recrystalized from etha:
nol to give dark brown solid (yield: 78 %, m. p.
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>300°C). The same product was obtained when the
reaction was carried out in benzene solvent.

Synthesis of MoO,(sbh)

Mo(CO), (0.05g, 0.19 mmol) and sbhH,, (0.049
g, 0.19 mmol) weredissolved in ca. 100 mL methanol.
Thesolution wasirradiated by sunlight for 5 daysin
winter. Duringtheirradiation, thecolour of thereaction
mixture was turned from colourless to dark yellow
colour. After theirradiation, the reaction mixturewas
evaporated under vacuum, yielding red crystals. The
product wasrecrystdlized from hot ethanol to givedeep
red crystds. Thecomplex wasleft to dry under vacuum
(yied: 76 %, m. p. >300°C).

Synthesisof W,0 (sbh),

A mixture of W(CO), (0.05¢, 0.14 mmoal), sbhH,
(0.036 g, 0.14 mmol) were dissolved in ca. 100 mL
methanol. Thesolutionwasirradiated by sunlight for 6
daysin winter, at which adark yellow solution was
obtained. After theirradiation, thereaction mixturewas
evaporated under vacuum, yieldingabrownsolid. The
brown solid waswashed severd timesby methanol and
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petroleum ether and then recrystallized from hot etha:
nol to givedark brown solid. The complex wasleft to
dry under vacuum (yield: 58 %, m. p. >300°C).

RESULTSAND DISCUSSION

Spectroscopic studies of salicylaldehyde-p-
hydr oxybenzoyl hydrazone(sbhH,)

The IR spectrum of salicylaldehyde p-
hydroxybenzoyl hydrazone, showed bandsat 3320,
3159 and 1448 cmt dueto, v(NH), v(OH) and 5(OH)
modes, respectively, (TABLE 2). Also, it exhibited a
strong bands at 1644, 1610, 1542, 1280 and 1238
cm* which can be, respectively, assigned to v(C=0,
amide I), v(C=N) and 3(N-H, amide I1), v(C-0),
v(C-N, amidelll) vibrationg***?, These modes are
observed at comparable wavenumbersin the Raman
spectraof the (sbhH.,), Figure 1 and (TABLE 2). The
'H NMR spectrum of (sbhH,) in DMSO, d,, dis-
played two signalsat 11.80 and 11.37 ppm, attrib-
uted to the OH and NH protons, respectively,
(TABLE 1). The signal for OH was obtained

TABLE 2: Important IR and Raman data of sbhH, ligand and its complexes*(Raman frequencies are given between

parentheses).
sbhH, CrO(CO),(sbhH,) CrO(sbhH,), M o(sbhH), M 00,(sbh) W,0,(sbh),  Assignment
3159m,b 3203m,b 3425m,b 3327m,b 3320m 3360m,b  vOH
3320w 3322m,b 323Bmb - e vNH
1644s (1645w) 1650m e 16485 e e vC=0 amidel
1610s (1614s) 1604s 1605s (1608s) 1608s 1600s (1526s) 1614s  vC=N
1542m (1545w) 1547m e 1550m e e 8NH amidel |
1280 s (1286m) 1260s 1279s (1285m,1327m) 1270s 1327m (1322m,1344m) 1255m,1273m vC-0P
1238s (1230m) 1230m e 12308 = e e v C —N amidelll

as, strong; m, medium; w, weak; b, broad.® s, singlet; m, multiplet; and b, broad.

b v C-0 attached to the phenyl ring and of the enol group
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Figure1: TheRaman spectrum of sbhH,

downfield dueto the possibility of the formation of
intramolecul ar hydrogen bonding with the adjacent
nitrogen atom of the azomethine group. On the other
hand, the *H NMR spectrum displayed two sharp
signals at 8.59 and 10.05 ppm. can be assigned to
the CH=N group and the p- OH proton. Also, the
aromatic protons of both rings appeared as a
multisignalswithin the 6.86-7.84 ppm range!*®. The
mass spectrum of the complex showed amolecular
ion peak at m/z 353, corresponding to theion [P—
L]*, where Pisthe parent and L istheligand.
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Reactionsof Cr(CO), with (sbhH.)

Thermal reaction of Cr(CO), with sbhH, in abso-
|ute ethanol under reduced pressureresulted inthefor-
mation of thedicarbonyl chromium complex withthemo-
lecular formulaCrO(CO),(sbhH,). Themass spectrum
of the complex showed amolecular ion peak at m/z=
336, whichwas corresponding to themolecular ion [P
- (CO+O)]*. ThelR spectrum of thedicarbonyl com-
plex showed s gnificant shiftsof thecharacteristicbands
of theligand dueto complex formation (TABLE 2).
Interestingly, thelR spectrum a so displayed two strong
bandsin thetermina meta carbonyl rangea 1948 and
1866 cn, which assigned to the symmetric and asym-
metric stretching frequencies of two CO groups®¥,
which wasalso confirmed by the observation of two
new bandsat 1925 and 1887 cnt in the Raman spec-
trum of thecomplex (TABLE 2), indicated that the com-
plex containstwo terminal CO groupsof cis-configu-

Structure of sbhH,

C’N\l\/!o/
/ l \ C\
N

Mo(sbh),

Cro(CO),(sbhHy)

MoO,(sbh)

ration*4. Onthe other hand, the C-O stretching band
of the C-OH group of the salicyl moiety was shifted to
1260 cmrtin the IR spectrum of thecomplex (TABLE
2). Furthermore, the presence of v(OH) and 6(OH)
bands in the spectrum showed that the OH group of
the salicyl moi ety coordinatesto the chromium atom
without proton displacement. Al so, the v(C=0) band
was shifted to higher frequency whilethe v(C=N) was
shifted tolower frequency confirming the coordination
of themetal occurred from thesetwo sites. In addition,
the IR spectrum exhibited aweak band at 895 cm,
which is due to Cr=0 bond. Also, aweak band ap-
peared at 592 cm, dueto the Cr-O bond***3, Mea-
surements of the magnetic susceptibility of the solid
CrO(CO),(sbhH,) complex wasinvestigated at 304 K
using the Gouy method suggested the paramagnetic
character of the complex with an effective magnetic
moment of 3.23 BM. Thisvalueislessthan the spin-

W,04(sbh);

Scheme 1
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only vauefor four unpaired e ectrons, whichisexpected
forad* high-spin Cr(Il) species(4.90BM). Thus, from
the elemental analysisand the spectroscopic data, it
can be concluded that thechromium atomexistedinan
octahedral environment and was bonded to the sbhH,,
ligand, acting asatridentate ligand, coordinating via
thenitrogenatom of theazomethine C=N, carbonyl group
in the keto form and the protonated OH group of the
sdicyl moiety. Also, the Cr atom hastwo CO groupsin
cis-configuration and coordinated to atermina oxygen
atomtoforman octahedra species, Scheme 1.
Thereaction of Cr(CO), withsbhH, inmethanol in
thesunlight yielded an oxochromium complex withthe
molecular formulaCrO(sbhH,),. The mass spectrum
of the complex showed amolecular ion peak at m/z=
576, dueto themolecular ion[P- 4H]*. ThelR spec-
trum of the complex showed the characteristic bands
of theligand with the corresponding shiftsdueto com-
plex formation (TABLE 2). In addition, the disappear-
ance of the band at 1644 cm*dueto v(C=0), which
wasa so confirmed by theabsence of itsRaman linein
the Raman spectraof thecomplex, Figure 2. Further-
more, theabsence of v C=0 (amidel), v NH and 5 N-
H (amidell) and v C-N (amidelll) bandsintheIR and
in the Raman spectra and also a new medium band
appeared at 1519 cm in the Raman spectra, (Figure
2, TABLE 2) which could be assigned to the symmet-
ricv(C=N) stretching frequency!™>* indicated that the
elimination of theN-H proton and the coordination of
theligand via the enol oxygen. Ontheother hand, the
IR spectrum of the complex displayed no shift for the
band at 1280 cm* whichiscorresponding to astretch-
ing of aC-OH bond of theo-OH group doesnot change
inthe Raman spectrum, indicated that the OH group of
thesdlicyl moiety washot involvedin coordingion. The
IR spectrum al so showed amedium band at 895 cm'?,
which was assigned to Cr=0 bond. Also, anew band
was appeared at 598 cm*dueto v(Cr-O). Investiga-
tion of the magnetic properties of the oxochromium
complex showed that it wasaparamagnetic. Themag-
netic susceptibility measurements of theoxochromium
paramagnetic complex CrO(sbhH ,),. The effective
magnetic moment () of thecomplex gaveaval ue of
3.67BM. Thep , valueissmaller than the spin-only
moment for thefour unpaired e ectronsas expected for
Cr(ll),d* species. Based on the above and according
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to the spectroscopic studiesand e emental analysis, it
can be concluded that the chromium atom bonded to
two sbhH, ligands, each ligand acting asabidentate
ligand coordinating via the azomethine C=N group and
thecarbonyl oxygeninitsenol formto produceache-
late of 5-membered ring, and the complex aso con-
tainsthe Cr=0 bond, Scheme 1.
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Figure2: TheRaman spectrum of CrO(sbhH,),
Reactionsof Mo(CO), with (sbhH.,)

Thereaction of Mo(CO), with sbhH, in absolute
Ethanol inair or under reduced pressureresultedinthe
formation of the bis-derivative Mo(sbhH),. Themass
spectrum of the complex showed amolecular ion peak
at m/z353, correspondingtotheion[M —L]*. ThelR
spectrum of the complex showed apattern closely re-
lated to that of salicyla dehyde p-hydroxybenzoyl hy-
drazone with a dlight shiftsin the v(C=0), v(C=N)
stretching frequencies dueto the complex formation
(TABLE 2). In addition, theabsence of v(OH) bandin
the spectrum showed that the OH group of thesalicyl
moi ety coordinatesto the molybdenum atom with pro-
ton displacement. Investigation of the magnetic prop-
ertiesof the bisderivative complex showed that it was
adiamagnetic. The tHNMR spectrum of Mo(sbhH),
complex inDM SO, d,, (TABLE 1), showed apattern
similar to that of theligand sbhH, with the di sappear-
ance of thesignal of OH group of the salicyl moiety,
indicated that ligand coordinated oxidatively to the
metall*4. Also, abroad signal for the NH proton ap-
peared around 11.8 ppm. The p-OH appeared 8.82
ppm. Thus, it can be concluded that the molybdenum
was bonded oxidatively to two sbhH ligands, each act-
ingasatridentateligand, coordinating viatheazomethine
C=N group, the carbonyl group in the keto form and
the deprotonated OH group of the salicyl moiety to
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form an octahedral species, Scheme 1.

When the reaction proceeded in day sunlight in
methanol, thedioxomolybdenum complex MoO,(sbh)
wasisolated. Themasspectrum of thecomplex showed
amolecular ion peak at n/z 384 dueto the parention
(M*) ion pesk. ThelR spectrum of thecomplex showed
the characteristic bands of theligand with the corre-
sponding shiftsdueto complex formation (TABLE 2).
However, the bands due to NH and C=0 groups of
theligand were disappeared from the spectrum of the
complex indicating the deprotonation of theN-H pro-
ton and coordination via theenol oxygen and thefor-
mation of theazine skeleton. In the Raman spectrum of
thecomplex, Figure 3, thetwo bands appearing at 1322
and 1344 cm* represent the C-O of theenol formand
the C-O attached to the phenyl ring, respectively which
were shifted to higher wave-numbersrelativeto the
ligand vibrationsdueto complex formation. Thesetwo
bands are shifted to approximatefrequenciesinthein-
frared spectrum of thecomplex. Inaddition, thelR spec-
trum of the complex also showed amedium band at
932 cm* and a strong band at 895 cm due to sym-
metric and asymmetric Mo=0 stretching frequencies
for cis-dioxo coordination. The Raman spectrum of this
complex (Figure 3, TABLE 2) confirmed thisassign-
ment since two new Raman bands were observed at
934 cmr (strong) and 892 e (weak)) which could be
assigned to the symmetric v (MoO,) and asymmetric
v_(MoQ,) stretching modes. Also, the azine kel eton
was confirmed by the appearance of anew v(C=N)
modeat 1526 cmtasastrong Ramanlineand also the
v(N-N) mode asanew band inthe Raman spectraat
1035 cnrtwith mediumintensity*>2€, Inthefar IR spec-
trum of the complex, two bands observed at 589 and
440 cm "t which are, respectively, due to the Mo-O
andMo-N bonds. M agneti c susceptibility measurements
of the solid MoO,(sbh) complex at 298 'K showed
that the complex wasdiamagnetic. TheH NMR spec-
trum of MoO,(sbh) complex inDMSO, d, (TABLE
1), showed apattern similar tothat of theligand sbhH,
with the disappearanceof thesignd of OH group of the
sdlicyl moiety, indicated that ligand coordinated oxida-
tively tothemetal™. Also, the*H NM R spectrum of
the dioxomolybdenum complex reveal ed the absence
of thesignal of the NH proton, confirming the coordi-
nation viatheenol oxygen. Thep-OH appeared at 10.1

ppm. Thus, themolybdenumin the M oO,(sbh) com-
plex may exist inatrigonal bipyramid environment and
was bonded oxidatively to sbhligand, in atridentate
fashionintheazineform, coordinating viathe carbonyl
oxygeninitsenol form, thenitrogen atom of the C=N
group and the oxygen atom of the deprotonated OH
group of thesalicyl moi ety and the complex aso con-
tainstwo M o=0 bonds as shown bel ow.

1525.90

c=N_ 0

1512.20
934.22

035.08

1

N A

1500 1000 500
Rarnan shift (cm-1)

Figure3: TheRaman spectrum of M 0O, (sbh)
Reactionsof W(CO), with (sbhH,)

W(CO),, reacted with sbhH, in methanal in sun-
light (reactiontime period 6 days) resulted inthefor-
mation of thedinuclear tungsten complex, W,O,(sbh),.
The mass spectrum of the complex, showed amolecu-
lar ion peak at m/z= 469, which was corresponding to
theion [1/2 P] *. The IR spectrum of the complex
showed the characteristic bands of theligand with ap-
propriate shiftsdueto the complex formation (TABLE
2). However, the spectral bands due to v(NH) and
v(C=0) were absent from the complex spectrumindi-
cating the deprotonation of theN-H and the coordina
tion via the enol oxygen. Also, the absence of v(OH)
and 6(OH) bandsin the spectrum showed that ligand
wasadded tothe metal oxidatively. Inaddition, the C-
O stretching band was al so shifted to lower frequency
whilethev(C=N) was shifted to higher frequency with
respect to thoseof theligand itsalf confirming the coor-
dination of the metal occurred via these two sites
(TABLE 2). A new weak band at 598 cm* was assign-
ablefor the v(W-N) for the complex. Also the IR spec-
trum exhibited only onestrong band at 936 cm', which
was assigned to W=0 bondsindicating that the com-
plex containstwo termina W=QO groupsof trans-con-
figurationand aC,, point group. Also, anew strong
band was appeared at 796 cm'?, which could be dueto
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the W-O-W bondg*™. M agneti c susceptibility measure-
ments of the solid W,O,(sbh), complex at 298 "K
showed that the complex was diamagnetic. The *H
NMR spectrum of W,O,(sbh), complex in DMSO
showed that thesignalsdueto OH proton of the sdicyl
moiety and a so, thesignal dueto the NH proton are
absent inthe spectrum which indicatesthat theligand
reacted with metal viaitsenol form (TABLE 1). Thus,
according to spectroscopic evidences, the dinuclear
complex might hastheformulaW,O,(sbh),, whereeach
tungsten atom in the dinuclear complex existedin an
octahedral environment with two bridged oxygen at-
oms and was bonded to the salicylaldehyde-p-
hydroxybenzoylhydrazone, in atridentate manner, co-
ordinating viatheazomethine C=N, the C-O groupin
the enol form and the deprotonated OH group of the
sdicyl moiety. Each tungsten wasa so coordinatedto a
termina oxygen atomto form an octahedra species.

The coordinating atomsof theligandinthesecom-
plexes can al so be confirmed by cal cul ating the struc-
tures of minimum energiesin both of theazineand hy-
drazoneformsand partia chargesof theligand which
indicated that the two coordinating oxygen siteshave
residual negative charges asindicating by extended
HMO calculations, IR and x-ray structureanaysis of
similar complexesd*.
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