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Stirring of a THF solution of [W(q-C5H5)(C0)3(a-trans-CH2CH=CHCrCMe)] with RXH (RXH = H20, MeOH, NH2Bui) over 
silica or Florisil gel leads to a new carbonylation reaction to give [W(q-C5H5)(C0)2(q3-3-syn-RXCO-3-anti-Me-l - 
vinylallyl)] compounds in moderate yields, providing direct evidence for a tandem 1,3-metal shift across conjugated 
allyl and alkyne bonds. 

Metal-a-ally I ,  1 o-propynyPA and a-alleny123 compounds are 
very useful in organic synthesis and their reactions with 
electrophiles are of extensive interest. One important feature 
of these compounds is the feasibility of a 1,3-metal sigmatropic 
shift (1) which has a significant influence on electrophilic 
regioselectivities. 1 4  Direct evidence of these 1,3-metal shifts 
has been well documented.s.6 In a continuing effort to explore 
the synthetic utility of tungsten a-propynyl compounds,7 we 
report here a novel carbonylation reaction, the mechanism of 
which involves a tandem 1,3-shift of the W(q-CsH5)(C0)3 
fragment across conjugated ally1 and alkyne bonds. Although 
zero-valent metals* M such as magnesium and zinc are known 
to react with BrCH2CH=CHC=CH to give 
CH,=CHCH=C=CHMBr, no corresponding o-pent-2-en-4- 
yn-1-yl compounds have ever been isolated. 

Treatment of 1-chlorohex-2-en-4-yne (cis : trans = 1 : 4) 
with Na[W(q-CSHs)(CO),] in THF (0 "C, 3 h) produces 
[W(q-CsH5)(C0)3(a-hex-2-en-4-yn-l-yl] 1 in 78% yield 
(cis : trans = 1 : 4) before column separation. Chromato- 
graphic elution of this isomeric mixture on a silica column 
[diethyl etl;cr-hexane (1 : 4)] at 0 "C allows separation of the 
cis- and trans-isomers in 13 and 49% yields, respectively. 
Compound 1 retains the chemical reactivity expected for 
a-ally1 compounds as shown by the reaction of its trans-isomer 
with tetracyanoethylene to give the [3 + 21 cycloaddition 
adduct 2 in 67% yield, the molecular structure of which has 
been characterized by an X-ray diffraction study.? 

We attempted to separate the cisltrans isomers of 1 using a 
conventional silica column at higher temperature (30 "C), but 
o n l y  the cis-isomer of 1 (11%) and a new compound 3 (38%) 
were obtained. This implies that 3 is produced from the trans- 
isomer of 1 on silica gel at higher temperatures. Relative to 1 ,  
the NMR and IR spectra of 3 show the presence of vinyl, 
C02H and W(q-CSHS)(C0)2(n-allyl) groups, indicative of 
structural rearrangement in the conversion of 1 to 3. The 
structure of 3 has been determined by an X-ray diffraction 
study$ and an ORTEP drawing is shown in Fig. 1. This 
structure of 3 may be envisaged by considering that one of the 
three carbonyls o f  its parent compound 1 has been attacked by 
water to give a W-C02H group, and subsequently added to 
the -C-Me atom of the ligand; the remaining W(q- 
C5HS)(C0)2 fragment is linked to the acyclic organic moiety 
by x-ally1 bonding with the C02H and CH=CH2 groups in 
syn-position, and the methyl group in anti-position. 

Scheme 2 shows the proposed mechanism of formation of 3 
involving a double 1,3-metal migration of W(q-C5Hs)(C0)3 
across thc cnync ligand to form the intermediate B and then C. 
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Scheme 1 

Further C O  insertion into the W-o-allenyl bond of the 
vinylallen-1-yl intermediate C, followed by attack of water is 
expected to give the carbonylation product 3. In earlier 
reports, [W(~1-C5HS)(C0)3(a-allen-l-yl)] reacted with water 
and alcohols to give [ W(q-C5H5)(C0)2(q3- l-02C-allyl)]'~ 
(R = H, Me) whereas [W(q-C,H,)(CO),(a-CH,C_CH)] 
reacted with H 2 0  and MeOH to afford [W(q-C5HS)(C0)2(q3- 
02CCR-allyl)]'S~~o (R = H ,  Me). These reports support the 
involvement of intermediate C but not B since no q3-2- 
carboxylated allyl is isolated in our case. 

We have found alternative reaction conditions for the 
carbonylation of 1 with water, methanol and isobutylamine. A 
typical reaction involves the stirring of a THF solution of the 
trans-isomer of 1 with excess water, methanol or  isobutylam- 
ine over predried Florisil gel (250 "C, 12 h, 10-4 Torr) at 30 "C 
for 4-5 h, which afforded q3-1-carboxylated allyl compounds 
3 , 4  and 5 in 52,38 and 23% yields, respectively. Spectroscopic 
data for 4 and 5 are fully consistent with the attributed 
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Fig. 1 Molecular structure of 3 
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Scheme 2 (W] = W(y-C,H,)(CO), 
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Footnotes 
j- Compound 2 crystallizes in the orthorhombic space group Pbca, a = 
8.066(5), b = 25.917(6), c = 18.618(4) A. V = 3892(3), 2 = 8. Data 
were collected on an Enraf-Nonius CAD-4 diffractometer, using 
Mo-Ka radiation. Final R = 0.032 and R, = 0.020 for 1728 reflections 
with I > 20(Z) out of 2541 unique reflections. 
$ Compound 3 crystallizes in the monoclinic space group P2l/n, a = 
7.759(3). b = 14.201(5), c = 12.638(3) A, p = 101.074(24)", V = 
1366.5(8) A3, Z = 4. Data were collected on an Enraf-Nonius CAD-4 
diffractometer, using Mo-Ka-radiation. Final R = 0.032 and R ,  = 
0.036 for 2087 reflections with Z > 20(Z) out of 2390 unique reflections. 
5 Compound 7 crystallizes in the orthorhombic space group P212121, 
a = 6.830(4). b = 11.862(4), c = 18.112(3) A, V = 1468.1(12) 813,Z = 
4. Data were collected on an Enraf-Nonius CAD-4 diffractometer, 
using Mo-Ka radiation. Final R = 0.032 and R, = 0.032 for 1333 
reflections with I > 242) out of 1503 unique reflections. 

Atomic coordinates, bond lengths and angles, and thermal 
parameters have been deposited at the Cambridge Crystallographic 
Data Centre. See Information for Authors, Issue No. 1 .  
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Scheme 3 [W] = W(T&H~)(CO)~ 

structure. Intramolecular carbonylation via this double metal 
1,3-shift is also feasible as depicted in Scheme 3 [eqn. (2)]. 
Desilylation of the 0-trans-ally1 compound 6 with NBu4F (2.0 
equiv.) in THF (0 "C, 2 h), followed by elution through a silica 
column (30 "C, 2 h) delivered 7 in 56% yield. The q3-lactone 
structure of 7 was confirmed by an X-ray diffraction study.§ 
Similar to 1, the desilylated cis-isomer of 6 failed to undergo 
intramolecular cyclization under similar reaction conditions, 
and was recovered exclusively (ca.  58%). 

To demonstrate the synthetic utility of this reaction, 
compound 4 was treated with aldehydes RCHO (R=Ph, 
Me2CH) in cold diethyl ether (-40 "C) to yield insoluble 
q4-diene precipitates. 1 1  Further demetallation of this precipi- 
tate by Me3N0 (23 "C, 20 h) provided 8 and 9 in 56 and 50% 
yields respectively. 

The cis-isomers of 1 and 6 were inactive in the carbonylation 
reactions. According to theoretical studies, 12 the initial 
1,3-metal ally1 shift involves a n-allyl-like transition state A 
(Scheme l ) ,  and the inactivity of the cis-isomer is attributed to 
the strong steric interaction between the W(q-C5HS)(C0)3 
and anti-R [R = Me, (CH2)30SiR3] groups of this n-ally1 
transition state. 
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