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Summary

The reaction of (7-Cp)W(CO),H with dimethylacetylenedicarboxylate 1n re-
fluxing tetrahydrofuran (THF') produces an acetylene bndged dinuclear tungsten
species as the principal preduct A minor productis identified as a o-vinyl complex
presumably formed by metal hydride msertion across the acetylene bond In
contrast, the analogous reaction system at 20°C leads principally to the forma-
tion of a v-vinyl complex 1somenc to the minor product formed in refluxmng
THF. The latter product when heated 1n THF undergoes loss of CO butisnot a
precursor of the dinuclear species.

Introduction

In the course of studying the spectral and photochemical properties of several
transition metal hydndes, we have discovered an unusual set of reactions between
CpW(CO)sH (I,Cp = 7-CsH;) and dimethylacetylenedicarboxylate (DMAD).
Previous workers [1] have shown that the reaction of CpM(CO);H (M = Mo, W)
with a nucleophile sucl. as triphenylphosphine results in a ssmple bimolecular
displacement (eq 1) a. room temperature

CpW(CO);H + Ph;P -~ CpW(CO),(Ph,P)H + CO (1)

Similarly CO displacement 1s also noted for the halogen complexes CpM(CO),X
(X = halogen, M = Mo, W) [2,3]. Among the ligands which displace CO from
CpW(CO0),Cl is hexafluoro-2-butyne with CpW(CF3;C=CCF;),Cl :dentified as the
_product. Reaction of the hydride I with tetrafluoroethylene gives a metal hydride
insertion product CpW(CO);(—CF,;CF,H) [4]; however, to our knowledge other
metal hydride insertion reactions of I with olefins or acetylenes have not previous-
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ly been reported The nsertions of alkenes and acetylenes into metal hydride
bonds leading to stable g-alkyl and g-alkenyl metal complexes are known for a
vanety of metals [ 5], and such reactions have been proposed as useful models
for metal catalvzed hydrogenation and oligomenzation reactions [5,6] Displace
ment of CO by acetylene might be an important preliminary step 1n hydrogena-
tion or ohgomenzation catalysis pathways [7], thus 1t 1s of interest to establish
whether the reaction of I with DMAD would proceed by an M—H insertion or a
CO displacement pathway

Expernnmental

Materials

(m-Cyclopentadienyl)tungsten(tricarbonyl)hydnde [7-CpW(CO),H], was
prepared by the literature method [8] Dimethylacetylenedicarboxylate was
purchased from Aldrnich and used without further punfication Tetrahydrofuran
was purified by distillation from sodium benzophenoneketyl in a mtrogen atmo-
sphere Hexanes were purnified by distillation from P,O; under mitrogen. NMR
solvents and CH.Cl, were freeze-thaw degassed three times pnor to use All
manipulations were performed under an atmosphere of punfied nitrogen

Instruments

The NMR expenments were carned out on a Vanan T-60 instrument for the
proton spectra and on a Vanan CFT-20 instrument for carbon-13 spectra Infra-
red spectra were determined on a Perkin—Elmer 225 model grating infrared
spectrophotometer Mass spectral data were obtained with an AEI MS-902. Inlet
temperatures ranged from 100—120°C with the voltage at 70 eV for the high
resolution spectra. A Cary 14 UV-wvisible recording spectrophotometer was used
to record the visible spectra

Results

Reaction of CpW(CO);H with DMAD n refluxing THF

When a solution of I (0 70 g) plus an excess of DMAD (2 g) in 30 ml of fresh-
ly distilled THF was refluxed overmight under nitrogen, it underwent a color
change from hght yellow to deep red. Subsequent removal of the solvent and
DMAD by high vacuum evaporation afforded a red, gummy material. This was
dissolved 1n a mimimum of CH,Cl, and was chromatographed on a 2 X 25 cm
stlica gel column Elution with 10% ether/hexane solution allowed the recovery
of 0 52 g of an air stable, red material, II Further elution with ether gave 0 08 g
of a second, yellow product, I11.

Mass spectral data indicates that II 1s a binuclear compound with the formu-
lation [CpW(CO),], DMAD. The parent ion m/e ratio 1s 752 and is consistent
with that expected for the '**W—'%2W or '%*W—!%4W isotope combmations for
the formula CxH,;s04W; as are the combustion analysis results (Table 1) IR and
NMR spectral data are summanzed m Tables 2 and 3. The PMR data for II are
consistent with a symmetrical structure. _

In addition the '*C NMR spectrum shows only one type of acetylene carbon at
92 8 ppm. Two other observations support this formulation. First, the infrared
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TABLE 1
COMBUSTION ANALYSIS RESULTS © AND MELTINSG POINT DATA FOR REACTION PRODUCTS

Com-~ Proposed formula Analysis Found (calcd ) (%) \Melung or decomposition
pound temperature

C H (G 9)]
13 CaaH; 1603\ > 31 83(31 S4) 222(214) 188—190d (turmms dark brown)
III Cy3H;207W 35 41(35 32) 2 56¢2 54) 119 d (tumns red)
IV CisHj207W 35 27(35 32) 261(251 112—114 d (turns black)
\% C3H;;206% 35 06(34 86) 2 80(2 70) 117—118 d (turns red)

@ Analy ses performed by Galbraith laboratones Knoxville Tennessee b Carried out under a nitrogen
atmosphere

CO,CH4
<.
/, \\

4 ‘ AN
oc~————w—‘—w————co
o C/ CO,CH3 \Co
(m

spectrum 1n the metal carbenyl region 1s very similar to that of an analogously
acetylene bnidged molybdenum dimer [10] Second, the electronic spectrum of
II (in CH.Cl,) displays two absorption bands in the near UV- -visible region with
maxima at 513 nm (¢ = 720 m™ ! ecm™') and 362 nm (€ = 4,500) These can be
compared with A,,, of 490 and 360 nm of the [CpW(CO),], dimer which have
been assigned as transitions involving orbitals of the metal-—metal bond {9].
High resolution mass spectral data mdicates the praduct III 1s a mononuclear
metal complex with a parent 1on molecular weight of 478 010 = 0 002, This
corresponds to the addition of one DMAD to the starting material I {(calc mol
wt. for C,4H,,0,'3W) and combustion analysis 1s consistent with this formula-
tion (Table 1) IR and NMR data are summanzed in Tables 2 and'3 A single

TABLE 2
INFRAREDSPECTRA FOR REACTION PRODUCTS IN CH,Cla

Complex v(CO) 2 (metal carbony! and carboxyl groups)
u 2059w, 2013, 1952, 1837m, 1690m

33 20353, 1946{b7) 1740(br)

| A" 2035s, 1957s, 19341, 1719m, 1705m

v 2037s, 1960s 19465, 1730m 171i0m
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TABIE 3
\MR SPECTRA OF REACTION PRODUCTS AND OTHER SPECIES ¢

A '3 N\IR Spectra

Compound 7-Cp protons A\ethoxy protons Others

[CpW(C0)212DVADAIID 5 37(10H,s) 3 74(6H,s)

111 5 50(5H.s) 3 70(3H.s) 6 07(1H,s)
3 62(3H;5)

v 5 53(5H.s) 3 75(3Hws) 6 47(1Hs)
3 71(3H,9)

v 5 61(5H.s) 3 73(3H.s) 9 48(1Hs)
3 T0(3H.s)

dimethy! fumarate 3 78(6H.s) 6 85(2H.s)

dimethsy! maleate 3 75(6H.s} 6 25(2H.s)

DMAD 3 B4(6H.s)

B l:’C VMR Spectra b

Compound T-Cp Afetal Carboxy! \lethoxyl Vinv] or
carbonyls Acetylemc
[CPW(CO):]12DMAD 89 7 212 6 175 7 52 1 92 8
_ 1921

W(PhC=CPh < 219 2

(PhC )3CO 19 173 8
DMAD 152 4 53 6 747
dimethyl rnaleate 1680 50 5 128 4
dimethy! fumrarate 163 9 50 6 1328
dimethyl succinate 1708 506 3004
PhC=-CPh 89 5

2 All spectra measured 1n solvent CDCly Chemical shifts are reported in ppm downfield from the resonance
of the appropnate nucle: 1n internal standard TMS ® proton decoupled € In this complex the acetylemic
carbons are 1nequivalent (10} d Carbons a to carboxylates

vinyl proton 1s seen 1n the PMR spectrum sugg.sting tirat 11l 1s a product of
metal hydnde addition across the acetylenic bond,e g,

CO,CH;,
Cp(CO),W-C=C(H)CO,CH,

Reaction of m-CpW(CO);H with DMAD in THF at room temperature

When the reaction described above was carned out at room temperature and
worked up in an identical fashion, a single product (0.75 g) was eluted from the
sihca gel column with ether. High resolution mass spectral data for this yellow
compound (IV) indicates a parent 1on mass of 478 014 * 0.002 indicating that
this product 1s also formed by the addition of one DMAD to the starting comple:
L. Again, the PMR spectrum displays one vinyl proton (Table 3) suggesting that
IV s formed by metal hydnde insertion across the DMAD triple bond; however,
the NMR and IR data for products III and IV differ, thus, these species must be
1somers. I'V was also the product when the reaction was carried out m dichloro-
methane in a similar manner.

It was of interest to determine whether product IV is a precursor to the
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formation of the dinuclear species II which formed at higher temperatures For
this reason, a 210 mg sample of IV 1n 20 ml THF was heated at refilux for 16 h
under nitrogen The result was a shightly orange solution which was worked up
by the standard procedure then chromatographed on a 2 X 25 cm silica gel
column Elution with 30% ether/hexane separated out the starting matenal
(~100 mg) while elution with 50% ether/hexane separated a small amount
(~20 mg) of a matenal 1dentified as III from 1its infrared and NMR spectra.
Further elution allowed the separation of a third specles (~40 mg), a yellow, air
sensitive compound, V The IR spectrum of V (Table 2) 1s qualitatively very
similar to that of IV, however, the PMR spectrum (Table 3) shows one distinc-
tive difference, the vinyl proton at 6 47 ppm seen i IV 1s replaced by a marked-
ly lower field singlet at 9 48 ppm The high resolution mass spectrum shows a
parent 1on at 450 0175 + 0 0025, which compares favorably to the theoretical
value of 450 0177 calculated for C,;;H,,0,'8W, and corresponds to the loss of
one CO from IV

Analysis and melting point data for each of these compounds are listed 1n
Table 1.

Dascussion

The dimenc product 1I was unexpected for the reaction of the metal hydnde
with DMAD and at this point we could only speculate regarding the reaction
pathways responsible for its formation Curtis et a1 [10] have noted the forma-
tion of a stmilar binuclear complex from the reaction of acetylene and the
metal—metal tnply bonded dimer [CpMo(CO).}, Thus, 1t 1s conceiwvakle that
loss of hydrogen plus carbon monoxide to form the tungsten analog might pre-
cede formation of the acetylene bridged dimer However, this mechanism appears
to be precluded by the observation that I 1s relatively stable under conditions
where I1 was formed 1n high yield A solution of 1 alone n refluxing THF under-
went partial decomposition after 16 h to unidentified products hut more than
80% was recovered unchanged Similar heating with small quantities of added
DMAD led only to the formation of small quantities of II and not to catalytic
decomposition of I. Attempts to effect the mnsertion reaction or to form a by-
nuclear complex by reaction of diphenylacetylene with I were unsuccessful
Conditions 1dentical to those under which II or IV are produced gave no reac-
tion as evidenced by the infrared specira of the solutions which were 1dentical
from start to finish. In all cases I could be trapped from the reaction solutions
by the low temperature reaction with DMAD to give yields of IV essentially
wdentical to those found 1n the absence of diphenylacetylene. Additionally,
reaction of 1 with diphenylacetylene and a small amount of DMAD produced a
small quantity of I, but no reaction between I and diphenylacetylene could be
observed. Thus it appears that the electron-withdrawing methyl carboxylate
groups are activating the acetyiene toward reaction with I.

The proton and >C NMR spectra clearly indicate a symmetrically bridged
structure for II The “tetrahedrane” type framework, previously suggested for
the ssmilar molybdenum complex [10] satisfies the effective atomic number
ruleand is consistent with the spectral data. This type of metal—acetylene bond-
ing has been demonstrated with other binuclear metal complexes [11] and is one
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of the structures suggested by low-energy-electron-diffraction studies for acetyl-
ene chemisorbed on a platinum surface [12]

The NMR spectra are assigned in analogy to known compounds Since the
methyl group proton and carbon chemical shifts for II are not markedly differ-
ent from those of other methylcarboxylate groups (Table 2), a sstmilar conclu-
siont can be made for the carboxylate carbon, 1.e , the resonance at 175 7 ppm
can be assigned to the carboxylate carbon of Il This leaves the resonance at
92.8 ppm to be assigned to the acetylenic carbons Notably, this resonance ap-
pears only 18 ppm downfield from that of the acetylenic carbons of free DMAD
In companson, chemical shift differences of 80-—100 ppm are noted for the
acetylenic carbons of diphenyl acetylene when complexed to tungsten in
W(PhC=CPh),CO, a species which shows considerable tungsten— acetylene bond-
mg {131 Thus, one might interpret the small difference for the acetylenic car-
bons of 1I as indicating relatively weak metal acetylenic bonding wath the hybnd
1zation of these carbons lying between sp and sp®> This explanation seems unhke
Iy given the robust nature of II, which 1s stable 1n refluxing THF and 1s essentiall
mert to visible hght photolysis in chlorocarbon solvents (In contrast the dimenc
species [ CpW(CO);]. 1s readily cleaved by photolysis to monomenec radicals whu
are trapped by reaction with chlorocarbons [9,14] ) Thus an alternative explana
tion of the '3C NMR data 1s attractive, namely that the metal—acetylene 1nter-
action 1s very strong with the electronic environment of the acetylenic carbons
lying between sp? and sp? hybrnidization The carboxylate carbon resonances,
more like those of dimethyl succinate than those of DMAD or dimethylmaleate,
are cons:stent with this interpretation.

The relative configurations of the 1isomernic products I1I and IV can be inferred
from comparnisons of the vinyl proton chemaical shift The vinyl proton of IV ap-
pears downfield from that of III by 0 4 ppm The PMR spectra of a ssmilar pair
of 1somers (resulting from the cis-addition of Cp,ReH to DMAD and subsequent
1somenzation to give the trans adduct) showed the frgns 1somer vinyl proton
(6 6 94 ppm) at 0 46 ppm downfield from the cis 1somer vinyl proton (6 6 48
ppm) {5b] Similarly, the vinyl protons of dimethylfumarate appear about 0 6
ppm downfield from those of dimethylmaleate Thus, these data strongly suggest
that III 1s the product of cis inserticn of the metal hydride across the acetylenic
bond and IV 1s the product of trans msertion Attempts were made to confirm
these assignments by low temperature protonolysis of I1I and IV with dry HCl
[15] or with tnfluoroacetic acid in chloroform solution, however, the decom-
position of the complexes was accompanied by the formation of polymenec
organic products Notably, the low temperature reaction of HMn(CO); with
DMAD 1n ether has been reported to occur with stereospecific trans addition of
metal hydnde across the carbon—carbon tnple bond [16]

The detailled mechanism of the formation of IV has not been established;
however, 1t 15 unlikely to be radical in nature since polymernization of the acetyl-
ene was not noted. Also, formation of metal radicals in dichloromethane would
have led to the formaf:on of CpW(T0O),Cl (which was not found) since the radi-
cal [CpW(CO);] 1s highly reactive towards chlonne abstraction in chlorocarbon
solvents {9,14]. In addition, IV does not appear to be an intermediate in the
formation of 1I. This 1s demonstrated by the fact that II 1snot formed on reflux-
ing IV (1) alone in THF, (2) with CpW(CO);H i THF, or (3) with additional
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DMAD 1in THF For each of these conditions, only one major product, V, plus
some 111 were 1solated It is tempting to propose the structure shown below for
V as 1t satisfies the 18 electron rule and accounts for the loss of CO A similar
product 1s formed when the manganese pentacarbonyl analog of 1V 1s heated 1n

OCH,
o /
Cp(COWW
C =C\
CH40,C H

carbon tetrachlonde [16] However, for both the manganese compound {16} and
a similar rhemium complex [5b] the NMR chemical shift of the vinyl protons
occur within the normal range while the ‘“‘vinyl” proton of V 1s dramatically
shiftec to lower field
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