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Summary

The reactions of the tungsten(I) complex of picolinic acid [W(CO);(pic)l,
with certain monodentate tertiary phosphines affords a convenient route to com-
plexes of the types W(CO);(PR;); and HW(CO),(PR;).(pic). The latter hydrido
complexes of tungsten(Il) have been characterized by infrared and NMR spec-
troscopy. The reactions of Re,(CO),, with picolinic acid have also been investi-
gated and the new series of rhenium(I) derivatives of the types Re(CO);(L){pic),
where L, = py, 4-Ph-py, PPh; or dppe, and Re(CO),(L').(pic), where L.’ = PPh; or
1/2dppe, have been isolated and characterized.

Introduction

We have recently shown that the Group VI hexacarbonyls react with excess
pyridine-2-carboxylic acid, otherwise known as picolinic acid (abbreviated picH),
under relatively mild conditions to produce the metal picolinates Cr(pic)s,
Mo(pic);, and W(pic), [1]. Furthermore, in the case of tungsten we were able to
isolate the partially substituted tungsten(l) carbonyl complex [ W(CO)i(pic)].
and found it to be an excellent intermediate for the high yield synthesis of a
variety of tungsten carbonyl complexes of bidentate nitrogen and phosphorus
ligands [1]. We now report on reactions of [ W(CO);(pic)],, with several monoden-
tate phosphorus and nitrogen donors, and on reactions of picolinic acid with
rhenium carbonyl.

Results and discussion
"The reactions of [W(CO)s(pic)], with monodentate ligands parallel for the
most part its reactions with the analogous bidentate ligands, namely loss of the

* For part X see ref. 1.



" duce neutral tungsten(0) comiplexeés 6{ the type. fac-W(CO)3L3 (Table 1). Since
Vthese denvatlves together Wli;n the complexes czs-W(CO)z(dppe)a, W,(CO)s-
'(dppe)s,: WZ(CO)G(blpy)z an ;}W(CO)3(b1py)(MeCN ), where dppe =1,2-bis- .

: (dlphenylphosphmo)ethane and bipy. = . 2,2' -blpyndyl [1], can ail be easﬂy pre-"-

pared from [W(CO)3(p1c)],,, tms reagent offers considerable advantages over the
variety of preparative procedures which have prewously been used to prepare

" these [2——8] and related tungsten(O) ca.rbonyl complexes. Most of the previous

syntheses have mvolved the use of [W(n-cycloheptatnene)(CO)3] as the starting

material. In view of the low yield with wmch this latter complex is prepared
from W(CO), [9], [W(CO);,(plc)],, would seem to be a much more desn‘able star-

ting matenal for the synthesis of these and related complexes .

In the case of the reactions of [W(CO);.,( pic)].. with triphenylphosphine and
dlmethylphenylphosphme in refluxing'methancl, the tungsten(II) hydrido com-
plexes HW(CO),(PPh;):(pic) and HW(CO)z [P(CH,),Ph] 2(pic) were isolated. We
first thought that these products were the tungsten(I) derivatives W(CO),(PR;),-
{pic). However, magnetic susceptlblhty measurements showed them to be dia-
magnetic, a property which is inconsistent with their formulatlon as monomeric
d® tungsten(I) species. When molecular weight determinations in chloroform and
benzene showed the triphenylphosphine complex to be monomeric, we suspected
that they were in reality diamagnetic hydride derivatives of tungsten(II). The
measurement of their NMR spectra in the region 7 10—25 ppm confirmed this
suspicion (see Table 1 and Fig. 1). The 'H NMR spectra of these complexes in
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Fig. 1 NMR spectrum of the hydride moxety fora CDCl3 solution’ of HW(CO)Z[P(CH:,)zPh] z(pxc) The -
triplet is centered at T'14.53 ppm with J(31P—1H) 35 Hz. : SRR ; : e
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~CDCl3 showed a tnplet centered between about T 13 5 and 14 5 ppm Wlth
- J(*'P—'H) 34—35 Hz. These observations contrast with those for the related S
_seven-coordmate hydndes trans-[HM(CO)z(dpm)z] ‘where M = Cr, Mo or W and. -
‘dpm = bis(diphenylphosphino)méthane [10], in which a tnplet of triplets asso-
ciated with the hydride. was observed. This latter result unphes that the hydride -
1S coupled to two meqmvalent pairs of phosphorus atoms. On the other hand, s
in the case of HW(CO)z(PR3)2(pIC), the pattem is charactenstlc of that expected
" for coupling to two equivalent phosphorus atoms. Promded this molecule i is not
fluxional in nature, thereby leadmg to an equivalence of the phosphorus atoms,
this observation is consistent with a pentagonal bipyramidal geometry, such as
that depicted in structure I, rather than the capped octahedral or tngonal pris-

P

(1)
matic stereochemistries which are usually favored by seven-coordinate molyb-
denum(IT) and tungsten(II) carbonyl complexes [11—13]. Since we are currently
pursuing an investigation of the detailed stereochemistry of these complexes by
means of a single crystal X-ray structure analysis of HW(CO),[P(CH,),Ph],(pic),
more detailed discussions are deferred until a later date.

In the generation of the hydride complexes, the solvent may be the source of
hydrogen. However, since HW(CO),(PPh;).(pic) can be prepared using either
methanol or benzene as the solvent, an alternative mechanism involving hydro-
gen abstraction from the phosphine ligand is also a possibility.

The results of our investigations of the Group VI metal picolinates, and the
reactions of [W(CO);(pic)], to produce both tungsten (0) complexes and the
tungsten(Il) hydrides, prompted us to extend our studies of the reactions of pi-
colinic acid to other metal carbonyls. Accordingly, we have examined the reac-
tions of picolinic acid with rhenium carbonyl as a possible route to low oxida-
tion state rhenium complexes.

When rhenium carbonyl was reacted with picolinic ac:ld under conditions sim-
ilar to those used to prepare the Group VI picolinates, virtually no reaction was
observed even when the reflux time was extended to one week. However, when
a mixture of the solid reactants was melted, the air-stable crystalline complex
Re(CO)s(py)(pic),-quickly formed. In this reaction, pyridine is generated by the
thermal decarboxylation of picolinic acid. Increased yields of this complex were
achieved by the addition of pyridine at the start of the reaction. Alternatively,
the related 4—phenylpyndme complex Re(CO)3(4—Ph-py)(plc) can be made in al-
most quantitative yield by addition of this much less volatile substituted pyridine.

‘When either of these products is’ mixed with the phosphorus-donors triphenyl-
phosphine or bis(diphenylphosphino)ethane in refluxing methanol, the pyridine
is replaced to form Re(CO)3(PPh3)(p1c) or Re(CO)3(dppe)(p1c) respectlvely In
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the latter complex, dppe is bound in a monodentate fashion. In the case of tri-
phenylphdsphine, a short reaction time (ca. 2 h) is critical in order to avoid sig-
nificant contamination by Re(CO),(PPh;),(pic). With dppe, contamination was
not a problem, even when the reaction time was extended to 48 h. However, un-
der the more rigorous conditions of a melt reaction at 200°C, further replace-

~-ment of CO by both ligands is observed, producing the bright yeilow complexes
Re(CO),(PPh;),(pic) and Re(CO),(dppe)(pic), respectively.

Molecular weight determinations indicate that the rhenium complexes are
monomeric, and their diamagnetism confirms that they are authentic rhenium(I)
derivatives. Due to the low symmetry of these complexes, infrared spectroscopy
(Table 2) will not easily distinguish between the possible configurations. How-
ever, trans-effect arguments would support a structure in which the greatest pos-
sible number of carbonyl groups are mutually cis. Thus the most likely configu-
ration of Re(CO);(L)(pic) complexes is facial (structure II), where L = py, 4-Ph-py,
PPh; or monodentate dppe. The 'H NMR spectrum of Re(CO);(dppe)(pic) is con-
sistent with the monodentate nature of dppe. Multiplet resonances associated
with the phenyl groups are observed at 7 2.57 ppm, due to the coordinated end
of the ligand, and at 7 2.87 ppm, due to the uncoordinated end. These chemical
shifts can be compared with those for bidentate dppe in Re(CO).(dppe)(pic)
(one multiplet phenyl resonance at 7 2.63 ppm) and free dppe (one multiplet
resonance at 7 2.73 ppm).

Since phosphines generally have much greater trans labilizing effects than ni-
trogen or oxygen donors, the most likely configuration for Re(CO),(PPh;),(pic)
is that shown in structure III. Crystallographic studies have shown that this is
the preferred configuration in other dicarbonyl species of this type [14].

co
oc\Rl P \ [ - )
[e\o / ! N
N/
(o) (I11)

Of the three possible structures for monomeric Re(CO).(dppe)(pic), those
with a cis-arrangement of carbonyl groups are favored by the infrared spectral
data (Table 2).

Experimental

All reactions were carried out under a nitrogen atmosphere and all solvents
were thoroughly dried and deoxygenated prior to use. The complex [W(CO);-
(pic)], was prepared as described previously [1] and Re,(CO),, was obtained
from Strem Chemicals Inc.

A. Reactions of [W(CO);s(pic)], with pyridine and monodentate tertiary phos-

phines
(i) W(CO)s(py)s. [W(CO)s(pic)l,. (0.78 g, 2.0 mmol) and pyridine (5 ml) were
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, stu'red at room temperature for 10 mm The resultmg dark red mlcrucrystalhne
prec1p1tate was f11tered off, washed with pyridine (5 X 3 ml) and ether (5X 5
ml) and then dried in vacuo for 48 h. Yield, 0.831 g (76%). Found: C, 43. 05 H,
3.24; N, 8.29. C,8H15N303W caled.: C, 42.80; H, 2.99; N, 8.32%.

(ii) W(CO)i(PPh3)s. A methanol shury of [W(CO)3(p1c)],2 (0.390 g,1.0 mmol)
and triphenylphosphine (1. 05 g, 4.0 mmol) was stirred at 25°C for 2 days. The
resulting precipitate was thoroughly washed with methanol (5 X 5 ml), benzene
(5 X 5 ml), and petroleum ether (3 X 5 ml) to give 0.545 g (52%) of an air-stable
yellow-tan powder. This complex was identified by a comparison of its infrared
spectrum with that described in the literature for a sample of this complex prep-
ared by a different procedure [6].

A quantity of the tungsten(II) hydrido complex HW(CO), (PPh 3)2(plc) (see
A(iii)) was isolated from the above benzene washings by the addition of an ex-
cess of petroleum ether. Yield, 0.16 g (18%).

(iii) HW(CO ).(PPh;).(pic). A mixture of [W(CO);(pic)], (1.17 g, 3.0 mmol)
and triphenylphosphine (1.57 g, 6.0 mmol) in 20 ml methanol was refluxed for
24 h. The reaction mixture was filtered to obtain 2.42 g (91%) of orange crystals
which were washed with methanol (5 X 10 ml) and ether (2 X 10 ml). Found:
C, 59.88; H, 3.98; N, 1.60; P, 6.94; mol. wt. in benzene, 935; mol. wt. in chlo-
roform, 849. C,,H;:NO,P,W caled.: C, 59.54; H, 3.97; N, 1.58; P, 6.98%; mol.
wt., 888. '

This complex was also prepared in high vield with refluxing benzene as the
reaction solvent and using 1 : 4 mole proportions of reactants. The product was
precipitated from solution by the addition of petroleum ether. In the solid state
this complex darkens slowly on exposure to air (1—3 days). However, its solu-
tions in chloroform, dichloromethane and benzene are much more sensitive and
decomposition is apparent within 1—2 min.

(iv) W(CO);[P(CH;).Ph];. A mixture of [W(CO);(pic)], (0.78 g, 2.0 mmol)
and dimethylphenylphosphine (1.0 ml, >8 mmole) in 15 ml methanol was re-
fluxed for 12 h. Filtration and repeated washing of the insoluble product with
methanol (4 X 5 ml), followed by evacuation left 0.67 g (49%) of pale yellow
needles. Found: C, 47.40; H, 4.91; P, 13.34. C,,H;;P;0;W caled.: C, 47.53; H,
4.87; P, 13.62%.

(v) HW(CO),[P(CH;),Ph],(pic). The filtrate and wash solutions of reaction
A(iv) were added to 100 ml of water, causing precipitation of 0.28 g (22%) of
deep orange crystals. After 2 h these were collected by filtration, thoroughly
washed with water (10 X 5 ml), and dried in vacuo for 24 h. Found: C, 44.77;
H, 4.53; N, 2.31; P, 9.89. C,;H,,NO,P,W calcd.: C, 45.09; H, 4.26; N, 2.19; P,
9.69%.

(vi) W(CO);[P(CH)Ph.];. This complex was prepared in 47% yield by a pro-
cedure similar to that used in A(iv). '

B. Reactions of Res(CO),o With pzcolzmc acid

(i) Re(CO)s(py)}(pic). (a) A mixture of Re,(CO),, (0.98 g, 1 5 mmoal) and -
picolinic acid (0.80 g, 6.5 mmol) was heated in a test tube for 30 min at 170—
190°C. The resulting brown melt was allowed to cool, then recrystallized twice
from CH,Cl,/petroleum ether to produce a pale yellow microcrystalline pow-
der (0.32 g, 23% yield). Found: C, 35.70, 35.48; H, 2.03, 1.86; N, 5.80,.5.44;
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mol. wt. in chloroform, 483. C,;H,N.O;sRe caled.: C, 35.67; H, 1.92; N, 5.94%;
mol. wi., 471. (b) When the above reaction was carried out in the presence of
‘excess pyridine, the product was formed in higher yield (39%). It was purified by
‘dissolving the reaction mixture in CH,Cl, and extracting this 3 times with water,
in order to remove excess pyridine and picolinic acid. The desired product was
precipitated as fine yellow needles by the addition of peiroleum ether to the

CH, (I, solution.

(ii) Re(CO)3(4-Ph-py )(pic). A mixture of Re,(CO),, {0.98 g, 1.5 mmol), pi-
colinic acid (0.80 g, 6.5 mmol) and 4-phenylpyridine 71.00 g, 6.4 mmol) was
heated in a test tube for 1 h at 170—190°C. The resuliing red melt was treated
in a manner similar to B(i)(b) to produce 1.49 g (90% yield) of pale yellow need-
les. Found: C, 43.47; H, 2.74; N, 5.18. C,,H,:N,O;Re calcd.: C, 43.71; H, 2.75;
N, 5.10%.

(iii) Re(CO)s(PPh;)(pic). A mixture of Re(CO);(4-Ph-py){pic) (0.31 g, 0.56
mmol) and triphenylphosphine (1.3 g, 5 mmol) was refluxed in methanol (50 ml)
for 2 h. The solvent was then removed by evaporation, and the solid was tho-
roughly washed with ether (8 X 10 ml). The yield of very pale yellow powder
was 0.319 g (87%). A CHCI; solution was purified by chromatography on Al,O,
prior to microanalysis. Found: C, 49.25; H, 3.16; N, 2.12; P, 4.99. C,,;H,,NO,-
PRe caled.: C, 49.54; H, 2.93; N, 2.14; P, 4.73%. A reaction time of 14 h pro-
duced significant contamination by Re(CO).(PPh;).(pic).

This product can also be prepared from Re(CO);(py)(pic) in similar yields to
those obtained using the related 4-phenylpyridine complex as the starting ma-
terial.

(iv) Re(CO).(PPh;).(pic) - H,O. A mixture of Re(CO);(py)(pic) (0.235 g,

0.50 mmol) and triphenylphosphine (0.42 g, 1.5 mmol) was heated in a test
tube at 190—200°C for 30 min. The resulting melt was then treated in a manner
similar to B(i)(b), producing 0.368 g (67% yield) of bright yellow powder. This
was dried in vacuo for 24 h prior to microanalysis. Found: C, 58.18; H, 4.00; N,
1.62; P, 7.00; mol. wt. in CHCIl;, 881. C;4H3¢NO:P,Re calcd.: C, 58.27; H, 4.00;
N, 1.54; P, 6.83%; mol. wt., 907. The infrared spectrum showed a weak absorp-
tion at 3440 em™! due to *“lattice” H,O.

This complex was also prepared by reacting Re,(CO),,, picolinic acid, and
excess triphenylphosphine directly at 190—200°C for 1 h, followed by a work-
up procedure similar to that described above.

(v) Re(CQ);(dppe)(pic). Re(CO);(4-Ph-py)(pic) (0.55 g, 1 mmol) and dppe
(0.80 g, 2 mmol) were treated in refluxing methanol for 2 days. After filtration
to remove unreacted dppe, the solution was evaporated to dryness. The crude
product was then dissolved in 10 ml of CH,Cl. and precipitated with 100 ml of
petroleum ether to give 0.537 g (70% yield) of pale yellow powder, which was
further purified by chromatography (CHCIl;/Al.,O;) prior to microanalysis. Found:
C, 52.74; H, 3.72; N, 2.05; P, 7.74; mol. wt. in chloroform, 805. C;;H,,NO;P,Re
caled.: C, 53.16: H, 3.67; N, 1.77; P, 7.83%; mol. wt_, 791.

(vi) Re(CO),(dppe)(pic) - 5 CHCI;. This complex was prepared as a bright yellow
powder in 76% yield by a procedure similar to that described in B(iv), starting
with Re(CO);(4-Ph-py)(pic) and excess dppe. The complex was further purified
by chromatography (CHCl;/Al,0;) prior to microanalysis. Found: C, 50.27; H,
3.70; N, 1.65; P, 7.80. C34_sH.5 sCl, sNO,P,Re caled.: C, 50.38; H, 3.49; N, 1.70;
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’P,- 1. 53%. The mfrared spectrum showed absorptlons at 1215w and 760m cm :
‘due to “lattlce” CHCl,.% -~ B
. The unsolvated complex Re(CO)z(dppe)(pxc) could be‘obtaJned--by crystalhza- :
“tion. from chloroform/petroleum ether. Found: C, 53:60; H, 3.90; N, 1.82; P, .
8.00. Cg4H28N04P2Re calcd.: C, 53.54; H, 3.70; N, 1. 84; P 8 12%. The mfra.red o
spectrum of this complex. showed no evidence for chloroform, but is othervnse
'1dentlca.l to that of the solvated complex. o T - :

' Physzcal Measurementa. L ) B e e -

- - Infrared spettra were recorded on Beckman Acculab-6 and. IR—12 spec- :

. _trophotometers and NMR spectra on Vanan A-60A and Perkm—Elmer

- R-32 (90 MHz) spectrometers. . '
Microanalyses and molecular weight determmatlons were performed by Dr. .

-C.S. Yeh of the Microanalytical Laboratory, Purdue University.
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