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Diphosphine Compounds, Part lll: UV/Visible
Spectroscopy and Novel Routes to Functionalized
Diphosphine-M(CO)¢ Complexes (M = W, Mo, or Cr)

Fatma S. M. Hassan, Ahmed F. Al-Hossainy, and
Adila E. Mohamed

Department of Chemistry, Aswan Faculty of Science, South Valley
University, Aswan, Egypt

Reaction of coordinated (diphenylphosphino)methane and ketones or aldehy-
des have been characterized by 3'P{H'}-NMR, 'H{?'P}-NMR, and UV/vis
spectroscopy in dichloromethane. Group VI metals hexacarbonyl [M(CO)g
where M = Cr, Mo, and W] reacted with (diphenylphosphino)methane,
[(PhoP)sCHz], to give [(OC)4M{(PhgP)2CH2}] depending upon the reac-
tion conditions. Condensation of [(CO)4M{(PhoP)sCHso}] with different ke-
tones or aldehydes forms [(CO)4M{(PhgP)2C = CR;iR2}]. Complexes of the
types [(OC)4M{(Ph3P)2oC = CRiRs}] reacted with hydrazine in a Michael
addition to give [(CO)4M{(PhoP)oCHC(R;R2)NHNH>}|(1.3a~e), which con-
densed with different ketones and aldehydes to give complex of the type
[(CO)4M{(PhoP)oCHC(R;R2)NHN = C(R3)] (1.4a-e). The structures of the com-
plexes are discussed on the basis of elemental analysis (EA), IR, LTH-NMR, 31P-
NMR spectroscopic data, and FAB mass spectra. The UV /vis spectra show two
absorption bands with the low energy band moving to lower energy with increasing
substitution on the (diphenylphosphino) methane (dppm) (a bathochromic effect).

Keywords Diphosphine compounds; organometallic; transitions metal complexes;
UV/visible spectroscopy

INTRODUCTION

Although tertiary phosphine ligands are important ligands in coordina-
tion and organometallic chemistry and essential components in many
catalytic systems, relatively little has been reported with regard to
functionalized phosphines.! This is partly due to the multistage syn-
thesis often required, particularly in the case of bidentate ligands. Our
attention has been centered on substitution reactions involving loss of
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carbon monoxide from the metal hexacarbonyl complexes [M(CO)g] by
the bidentate phosphine ligand (dppm). In the last two decades, there
has been a great deal of interest in the preparation and characteriza-
tion of transition metal carbonyl complexes stabilized with multiden-
tate ligands.*'®> We have reported that, although the vinylidine double
bond in uncoordinated 1,1-bis(diphenylphosphino)ethene ( Vdpp) is not
susceptible to attack, complexation susceptible to nucleophilic attack,
complexation to the fragment M(CO), (M = Cr, Mo, or W) activates the
double bond such that a variety of nucleophiles (amines, hydrazines,
amino acids) can undergo conjugate or Michael addition to it under
mild conditions.®* We now report on the synthesis, characterization,
and novel route to functionalized diphosphine-M(CO)4 complexes (M =
Cr, Mo, or W).

RESULTS AND DISCUSSION

The synthesis and characterization of the new derivatives of
(diphenylphosphino)ethene metal complexes are illustrated in
Scheme 1.

All complexes can be prepared by treatment of the chromium
complexes (as an example) of the type [(OC);M{(PhyP);C=CH,}]
with acetone, salicylaldehyde, acetylacetone, acetaldehyde. and
benzaldehyde (formed by condensation reaction) to give com-
plexes of the type [(OC)sM{(PheP);C=CR:R3}] (1.2a-e) in toluene.
Complexes (1.2a) to (1.2e) underwent Michael addition with hy-
drazine and yielded [(CO);M{(PhoP);CHC(R;R2)NHNH,}] (1.3a-e).
Alkyl- and arylhydrazines have a very extensive chemistry, and we
found that compounds [(OC)sCr(PhyeP);CHCR;R;NHNH,}](1.3a-e)
readily undergo condensation reactions with organic carbonyl
compounds; thus, condensation of complexes of the types
[(CO)sM{(PheP);CHC(R;R2)NHNH,}] (1.3a—e) with acetone, sali-
cylaldehyde, acetylacetone, acetaldehyde, and benzaldehyde yielded
adducts of the type [(CO);M{(PhyP)eCHC(R;R2)NHN = C(CHjs)2}]
(1.4a), [(CO)4M{(PhgP);CH-C(R;Rs)NHN = CHPh(o-OH)}] (1.4b),
[(CO)sM{(PheP);CHC(R;R:)NHN = C(CH3)CH = C(OH)CHs}l
(1.4c¢), [(CO)sM{(PhgP);CHC(R;R2)NHN = CHCHj3}] (1.4d), and
[(CO)4M{(PhyP)eCH-C(R;R;)NHN = CHPh)}] (1.4e), whose struc-
tures were investigated by spectroscopic techniques. Complexes were
formed upon treatment of complexes of (1.4a—e) with acetylacetone for
prolonged heating (see the Experimental section).

Condensation with Acetone

Treatment of the tungsten-hydrazine adduct in toluene with a slight
excess (20%) of acetone ) after heating ca. 1 h under dinitrogen gave the
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tungsten adduct [(OC);W{(PhyP);CH! C(CH3? );NH 3N = C(CH3%)}]
(3.4a) in >70% yield as yellow crystals. We assigned the structure of
this adduct on the basis of the following data. The elemental analysis
was satisfactory. The 3'P-{'H} NMR spectrum showed a singlet at §
(chemical shift) = —1.7 ppm with 33W satellites, 'J(WP)/Hz (coupling
constant) = 205. The 'H and 'H-{3'P} NMR spectra showed four signals
(excluding aromatic hydrogen). At § = 3.73 ppm, a triplet of relative
intensity 1H is observed and assigned to CH!. A singlet is centered
at § = 1.64 ppm, of relative intensity 6H, assigned to CHs2 protons. A
singlet at § = 1.91 p.p.m of relative intensity 6H is observed, assigned
to CH*; proton. Finally a broad signal is observed at § = 1.72 ppm of
relative intensity 1H, assigned to NH? proton. These signals due to NH
disappeared on addition of D;0O. In the 'H NMR spectrum, coupling
to phosphorus is shown by the protons CH!, 2J(PCH!) = 10 Hz. The
infrared spectrum showed v(NH) at 3300 cm L.

Condensation with Salicylaldehyde

Treatment of the tungsten-hydrazine adduct in toluene with a slight
excess (20%) of salicylaldehyde after heating ca. 1 h under dinitro-
gen gave brown crystals of the tungsten adduct in >80% yield of
[(OC)sW{(PhsP);CHC(CH32)sNH3N = CH*(Ph(0-OH®)}] (3.4b). We as-
signed the structure of this adduct on the basis of the following data.
The elemental analysis was satisfactory. The 3!P-{'H} NMR spectrum
showed a singlet at § = —4.08 ppm with 183W satellites, 'J(WP)/Hz =
203. The 'H and 'H-{3'P} NMR spectra showed five signals (excluding
aromatic hydrogen). At § = 5.44 ppm, a triplet of relative intensity 1H is
observed and assigned to CH!. A singlet is centered at § = 1.66 ppm, of
relative intensity 6H, assigned to CHs? protons, coupling with the CH!
proton. A singlet at § = 8.01 ppm of relative intensity 1H is observed,
assigned to CH* proton. Another singlet at § = 10.67 ppm of relative
intensity 1H, is observed and assigned to the OH® proton. Finally a
broad signal is observed at § = 1.49 ppm of relative intensity 1H, as-
signed to NH? proton. These signals due to OH and NH disappeared on
addition of DyO. In the 'H NMR spectrum, coupling to phosphorus is
shown by the protons CH!, 2J(PCH') = 10 Hz. The infrared spectrum
showed v(OH) at 3240 cm~! and v(NH) at 3300 cm 1.

Formation of a Pyrazole Derivative

Hydrazine complexes of the type [(OC)sW{(PhaP)oCHC(CH3)eNHNH, }
were reacted with acetylacetone to give a pyrazole derivates, and upon
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TABLE I 3'P-{'H} NMR* and Infrared® Data for Some Condensation
Products of [(OC),W{(Ph:P);CHC(CHj;);NHNH, }| with Acetone, Acety-
lacetone, or Salicylaldehyde

sPe LI(WP) (u(COYem™1)

Complex M  ppm Hz [ v(P-C)1® u(NH)/cm ™!
3.5¢ W 423 205 (2005s, 1960w, 1885w, 1865sb)[715s] —
3.4cf W 493 207 (2005s, 1930w, 1885w, 1865sb) [692s] 3300
3.4b W —4.08 203 (2005s, 1940w, 1890w, 1870sb) [721s] 3300
3.4a W -17 205 (2010s, 1984w, 11891w, 1865sb) [682s] 3250
3.4d W 26 205 (2017s, 1942w, 1893w, 1852sb) [702s] 3300
3.4e W —4.20 203 (2000s, 1981w, 1892w, 1860sb) [695s] 3300

(a) In CDCl3 (b) In KBr discs (f) u(OH) = 3240 cm™! (s) Strong, (w) Weak, and (sb)
Strong board.

heating the tungsten-hydrazine adduct with 1 mol equivalent of
acetylacetone in toluene for a prolonged period (ca. 16 h), pale brown
crystalline product formed, which we formulated as the pyrazole
derivatives (3.4c) and [(OC),W{(PhyP)oCH!C(N*N = C(CHj3)*CH? =
C*CH3*)(CHj3)2?}] (8.5¢). This complex was formulated on the following
basis of the following data. The elemental analysis was satisfactory
[Found: C, 54.40; H, 4.25; N, 3.42%]. The *'P-{'H} NMR spectrum
showed a singlet at § = —4.93 ppm with 18W satellites. 'J(WP)/Hz
= 207 (see Table I for data). The 'H-{3'P} and 'H NMR spectra
(Figure 1) showed five signals. At § = 6.35 ppm, a triplet of relative
intensity 1H is observed and is assigned to CH! proton. A singlet of
relative intensity 1H at § = 5.43 ppm is observed and is assigned to
(-N-N = C-CH?) proton coupling with CH3 protons, *J(CH-C-CH3*)
= 2.5 Hz. A strong single is observed at § = 2.67 ppm of relative
intensity 6H, assigned to 2CH3° protons. Two singlets are observed at
3 =1.39 ppm and § = 2.17 ppm of relative intensity 3H each, assigned
to two methyl protons CHs? and CHz%. It is difficult to distinguish
between the two. It showed coupling to phosphorus by the CH! proton,
the signal being a triplet of triplets, 3J(PCH) = 12 Hz. The infrared
spectrum was characteristic of a cis-chelated tetracarbonyl complex.
The v(N-H) band had disappeared.

The Electronic Spectra of Synthesized Diphosphine Derivative
Complexes

The electronic absorption spectral data An.x and ena.x values for
the synthesized diphosphine derivatives chromium complexes as an
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TABLE II UV/Vis Data for Phosphino-Substituted Hydrazine
Chromium Complexes in CH;Cl;

Amax/NMm Amax/NMm
Compound (/L mol~1cpy 1) (/L mol1cp 1)
Ca9HgoCrO4Ps (1) — 546 (340)
033H2601‘O4P2 (1.23.) 420 (655) 561 (280)
ngHgoCerO4P2 (138.) 440 (860) 570 (330)
C37H3601‘N205P2 (1.40) 453 (1132) 594 (450)
037H34CI'N204P2 (15()) 442 (740) 581 (350)

example (1.2a, 1.3a, 1.4a, 1.5a) in dichloromethane are presented
in Table II. The visible absorption spectra of these chromium com-
plexes exhibit various absorption bands within the wavelength range
A = 350-700 nm. These absorption bands depend primarily on the
terminal group (hydrazine derivatives), their linkage position,!6:17
and the type of the transient metal complex. The visible absorp-
tion maxima of diphosphine derivatives chromium (dppm) complexes
in CH2Cly undergo bathochromic or hypsochromic shifts, depending
on the nature of the aliphatic and aromatic aldehydes and ketones
(which undergo condensations reaction) gave complexes of the type
[(OC)4Cr{(PhaP);C=C(CH3)CHg3}] (1.2a). Thus, substituting acetonyl
group in compound (1.4¢) typically exhibits two UV/vis absorption
bands (with extinction coefficients between 250 and 880 L mol lem1),
one band near 410 nm and the other near 550 nm. These bands are
likely to be d—d transitions since the HOMO is largely metal-based,
and the extinction coefficients are less than 1000 L mol~! cm~!. It has
been observed that for methyl substitution, the UV/vis spectra vary by
only 15 nm (546-561 nm) (a bathochromic shift).

For [(OC)4sW{(PhyP)eCHC(NHN = C(CH3)CH =
C(OH)CHj3)(CHj3)2}l, we found that the UV/vis absorption peaks
change by 15-24 nm, whereas for pyrazole, all of the UV/vis absorption
peaks shift to lower wavelength by 11-13 nm. Apparently, the o*
orbitals of the tetra carbonyl transition metals groups have a signif-
icant influence on the pyrazole ring MOs, thus affecting the bands
in the UV/vis spectra. Table II gives the absorptions for the phos-
phino derivatives illustrated in Scheme 1 and typical UV/vis spectra
(hyrazine and pyrazole) are shown in Figure 2. It can be seen from
Figure 2 that the hydrazine and pyrazole substituted both exhibit two
bands in the UV/vis spectra and that these occur at similar energies.
Although some extinction coefficients for the high energy band are
over 1000 L mol~! ecm~1, it should be noted that these absorptions
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Orbital States o*
Singlet Triplet h-o*
*
LUMO T 2
€
E S\—/—5— E n ]
I 2K J >
. TT-TC
lJ
A Y
HOMO
o
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FIGURE 2 (a) Energy scheme for the electronic transition between HOMO
and LUMO. (b) Molecular orbitals and electron transitions.

overlap with a charge transfer band. Unfortunately, we were unable
to obtain meaningful UV/vis spectra for the satirically congested, and
consequently sensitive, complex of the type [(OC)sCr{(PheP)2CHy]
(band at near 420 nm).

The UV/vis spectroscopy provides information on the HOMO-LUMO
gap in both derivatives 1.4c and 1.5c. It is assigned to a ligand
to metal charge transfer (LMCT) process from diphenylphosphino to
a d° metal center in the complexes rather than a d-d transition
of the chromium atom. One must be careful, therefore, when mak-
ing comparisons between these derivates. [(OC)4,W{(PheP);CHC(NHN
= C(CH3)CH = C(OH)CH3)(CH3)2}] typically exhibit two UV/vis

a: chromium hydrazone diphenylphosphine (1.4c)

0.8 — b: chromium pyrazole diphenylphosphine (1.5¢)

¢: Chromium diphenylphosphine (1.3a)

d: Derivatives chromium diphenylphosphine (1.2a)

e: Chromium diphenylphosphine methane(1) complex

Absorbance

0.0

| I | |
400 500 600 700 800
Wavelength (nm)

FIGURE 3 Typical UV/vis spectra of phosphino-substituted transition metals
(group VI) complexes in CH;Cl,.
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absorption bands (with extinction coefficients of between 300 and 900
L mol~! em~1), one near 450 nm, and the other near 590 nm. Pyrazole
derivatives (1.5¢) exhibit two UV/vis absorption bands, one near 420
nm and the other near 550 nm. These bands are likely to be d—d tran-
sitions, since the HOMO is largely metal-based!®25 and the extinction

coefficients are less than 1000 L mol~! em™1.

EXPERIMENTAL
Apparatus

Melting points were recorded on a Galenkamp melting point appa-
ratus and are uncorrected. Elemental analyses were carried out at
the Micro Analytical Center (Assiut University). The IR spectra (KBr)
were determined on a Shimadzu corporation Chart 200-91527 spec-
trophotometer. 'H NMR spectra were recorded with a Bruker AMX-
250 spectrometer (40.25 MHz). Mass spectra were recorded on HPMs
6988 spectrometer and electron-impact (EI). Visible spectra (300-999
nm) were recorded on Shimadzu UV/vis160-A spectrophotometer at the
Aswan Faculty of Science. All reagents and solvents were obtained from
Aldrich Chemical Company (Milwaukee, WI, USA).

Preparation of Organometallic Compounds:
[(OC)4Cr{(Ph,P),C=CR1R2}1(1.2a-1.2e) [Where (R = CH3, H,
CHj3, H, H and R, = CH3, Ph(o-OH), CH = C(OH)CH;, CH;3, Ph)]

Acetone, salicylaldehyde, acetylacetone, acetaldehyde, and ben-
zaldehyde in toluene (0.5 mL) were each added to a suspension
of [(OC)4Cr{(PhgP);CH2}] (0.15 g, 0.28 mmol). The mixture was
then heated to ca. 80°C for 520 min during which period the
chromium complexes dissolved and a new crystalline precipi-
tate formed. These were filtered off, washed with Et;O, and
dried giving the required products [(OC)4Cr{(PhgP);C=C(CHs)z}]
(brown) (1.2a), [(OC)4Cr{(PhaP)C=CHPh(0o-OH)}] (yellow)
(1.2b), [(OC)4Cr{(PheP);C=C(CH3)CH = C(OH)CH3}] (pale
brown) (1.2¢), [(OC)4Cr{(PhyP)eC=CHCHg}] (brown) (1.2d), and
[(OC)4Cr{(PhyP)oC=CHPh}] (dark brown) (1.2e), respectively. The
final products were recrystallized from ether-methanol. Data are listed
in Table (2)

Preparation of [(OC);W{(Ph2P),C=C(CHs),}] (3.2a)

Acetone in toluene (0.5 mL) was added to a suspension of
[(OC)4W{(PhyP)2CHy}] (0.19 g, 0.28 mmol). The mixture was then
heated to ca. 80°C for 5 min, during which period the tungsten
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complex dissolved and a new pale brown crystalline precipitate
formed. This was filtered off, washed with Et;O, and dried, giving
a pale brown precipitate, yield 0.17 g (83%). The required product
[(OC)sW{(PhyP)2C=C(CHjs)s}] was recrystallized from ether-methanol
to give a pale brown crystals.

Preparation of [(OC);W{(Ph2P).,C=CHPh(0o-OH)}1(3.2b)

Salicylaldehyde [Ph(o-OH)CHO)] in toluene (0.5 mL) was added to a sus-
pension of [(OC)4sW{(PhaP)2CHy}] (0.19 g, 0.28 mmol). The mixture was
then heated to ca. 80°C for 14 min, during which period the tungsten
complex dissolved and a brown crystalline precipitate formed. This was
filtered off, washed with Et3O, and dried giving brown precipitate, yield
0.17 g (76%). The required product [(OC)4,W{(PhyP)oC=CHPh(0o-OH)}],
was recrystallized from ether-methanol to give brown crystals.

Preparation of [(OC);W{(Ph;P),C=C(CH3)CH = C(OH)CHs}]
(3.2¢)

Acetylacetone [CH3COCH = C(OH)CHj3] in toluene (0.5 mL) was added
to a suspension of [(OC)4W{(PhyP)2CHg}] (0.19 g, 0.28 mmol). The
mixture was then heated to ca. 80°C for 10 min, during which pe-
riod the tungsten complex dissolved and a brown crystalline pre-
cipitate formed. This was filtered off, washed with EtsO, and dried
giving brown precipitate, yield 0.17 g (83%). The required product
[(OC)4W{(PhoP)2C=C(CH3)CH = C(OH)CHj3}] was recrystallized from
ether-methanol to give brown crystals.

Preparation of [(OC);W{(Ph,P),C=CHCH3;}] (3.2d)

Acetaldehyde [(CH3CHO] in toluene (0.5 mL) was added to a sus-
pension of [(OC)sW{(PhaP);CHy}] (0.19 g, 0.28 mmol). The mixture
was then heated to ca. 80°C for 5 min, during which period the
tungsten complex dissolved and a pale brown crystalline precipitate
formed. This was filtered off, washed with Et;O, and dried giving
a pale brown precipitate, yield 0.16 g (79%). The required product
[(OC)4W{(PhyP)C=CHCH3}] was recrystallized from ether-methanol
to give pale brown crystals.

Preparation of [(OC);W{(Ph,P),C=CHPh}] (3.2¢)

Benzaldehyde [(PhCHO] in toluene (0.5 mL) was added to a suspen-
sion of [(OC)4W{(PhgP);CHz}] (0.19 g, 0.28 mmol). The mixture was
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then heated to ca. 80°C for 5 min, during which period the tung-
sten complex dissolved and a new pale yellow crystalline precipitate
formed. This was filtered off, washed with Et;O, and dried giving
a pale yellow precipitate, yield 0.15 g (76%). The required product
[(OC)sW{(PhyP)oC=CHPh}] was recrystallized from ether-methanol to
give pale yellow crystals.

Preparation of [(OC);W{(Ph2P),CHCNHNH,(CHs),}1(3.3a)

Hydrazine hydrate [NHyNH] (0.5 cm?®), was added to a suspension of
[(OC)4W{(PhaP)oC=C(CHs)2}] (0.2 g, 0.28 mmol) in toluene. The mix-
ture was then heated to ca. 80°C for 15 min, during which period the
tungsten complex dissolved and a brown crystalline precipitate formed.
This was filtered off, washed with Et,O, and dried, giving the required
product [(OC)4,W{(PhyP)eCHC(NHNH,)(CHs)y}], yield 0.17 g (81%).
The brown precipitate [(OC)sW{(PheP)CHCNHNHy(CHs)2}] was re-
crystallized from ether-methanol to give brown crystals.

Preparation of [(OC);W{(Ph,P),CHC(NHN=C(CH3)CH=
C(OH)CH3)(CH3)2}1(3.4c¢)

[(OC)4W{(PhyP);CHC(NHNH;)(CH3)2}] (0.21 g, 0.28 mmol) in toluene
(1 cm?® and acetylacetone CH;COCH=C(OH)CH3 (0.028 g, 0.28
mmol) was heated under reflux for 16 h to give pyrazole. The
resulting yellow solution was evaporated to low volume un-
der reduced pressure and ethanol added. The product separated
[(OC)sW{(PhoP)sCHC(NHN=C(CH3)CH=C(OH)CHj3)(CH3)2}] as yel-
low prisms. Yield 0.15 g (63%), found: C,53.20; H, 4.36; N, 3.38% . Calc.:
C, 53.25; H, 4.35; N, 3.36%. M* = 834.16 (mass spectrometry).

Preparation of [(OC)4W{(Ph,P),CHC(NHN=C((R1)R2)(CH3)»}1,
Where R1=CHs3, H, H, H and R,=CH3,Ph(o—OH), CH3z, Ph
(1.4a-1.4¢)

[(OC)4Cr{(PhyP)eCHC(NHNH,)(CHs)2}] (0.17 g, 0.28 mmol) was sus-
pended in toluene (10 cm?®) for 10-25 min, during which period the
chromium complex dissolved and new dark brown, brown, brown, and
brown crystalline precipitates formed, respectively. These were fil-
tered off, washed with EtyO, and dried, giving the required products
[(OC)4Cr{(PhaP)eCHC(NHN = C(CHj3)2)(CHj3)2}] (dark brown) (1.4a),
[(OC)4Cr{(PhyP);CHC(NHN = CH(Ph(0o-OH))(CH3)2}] (pale brown)
(1.4b), [(OC)4Cr{(PhyP)eCHC(NHN = CH(CHj3))(CHj3)2}] (brown)
(1.4d), and [(OC)4Cr{(PhyP)eCHC(NHN = CH(Ph))(CHj);}] (1.4e)
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(brown), respectively. The final products were recrystallied from ether-
methanol. Data are listed in Table III.

Molybdenum complexes have been prepared in a similar manner to
chromium and tungsten complexes; data are listed in Tables IV and V.

Formation of Pyrazole Derivative with Acetylacetone
[(OC)4Cr{(Ph2P),CHC(N*N = C(CH3)-CH = C*CH3)(CH3).}] (1.5¢)

A suspension of [(OC)4Cr{(PhyP)eCHCNHNN2(CHs):}] (1.3a) (0.18 g,
0.28 mmol) in toluene (1 mL) and acetylacetone (0.028 g, 0.28 mmol)
was heated under reflux for 15 h. The resultant pale yellow solution
was evaporated to low volume under reduced pressure and ethanol was
added. The product separated as yellow prism. Yield, 0.12 g (53%).

Molybdenum and tungsten pyrazol derivatives with acetylacetone
compounds were synthesized in a similar fashion to chromium com-
pounds.
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