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We recently reported the synthesis of the metallacyclobutene
complex, ¢° -CsHs)(PPh)Co[C(SQPh)y=C(TMS)CH(CQEY)]
(2),*2which has subsequently prompted the first reactivity studies
on late-metal metallacyclobutentesere we report the conver-
sion of metallacyclobutenes to metalllene complexes, the first

spectroscopic and X-ray crystallographic analyses of mononuclear

cobalt-allene complexe3and mechanistic studies on the cobal-
tacyclobutene to cobatallene transformation.

Desilylation of cobaltacyclobutent (710 mg, 1.0 mmol, 0.1
M) with tetrabutylammonium fluoride (TBAF, 783 mg, 3.0 mmol,
0.3 M) and methanol (2.8 M) in acetone at°@for 6 h produced
a dark orange solution. Evaporation of the volatiles and chro-
matography on silica gel with 20% ethyl acetate/hexane led to
the isolation of three air-stable allene complexes (Schemg-Z):
(62% isolated yield)2-E (6% isolated yield), an®-E (15%
isolated yield® In the 'H NMR spectra (acetonds), the
resonances observed for, lAnd H, of the allene ligands were
assigned as follows2-Z ¢ 1.81 (dd,Jpy = 13.2,Jyn = 2.1 Hz,

Ha) and 6.06 (depH =4.8,Juy = 2.1 Hz, H)), 2-E o6 251 (dd,
Jpy = 12.0,J4y = 2.7 Hz, Hi) and 6.48 (t,JpH =Jyy = 2.7 Hz,
Hb); 3-E0 1.75 (dd,JpH = 11-7|JHH =18 Hz, |-|J) and 6.71 (t,
Jpn= Jun = 1.8 Hz, H). The observation thatHn 2-Z resonates
0.42 ppm upfield of where it is observed f&E runs counter to
literature chemical shift trenéis and is presumably due to
shielding of the anti hydrogen by the phenyl ring on the sulfone
substituent. In thé3C{'H} NMR spectrum (CDG) for 2-Z,
resonances for the allene ligand were observetl28.3 Jpc =
3.6 Hz, C&CH(SO,Ph)), 118.8 (brCH(CO.EL)), and 186.7 Jpc
= 15 Hz, C&(=C)C). Oxidation of2-Z with iron(lIl) chloride
gave a 70% isolated yield of (SPh)HC=C=CH(CG,Et) (4),
for which allenyl carbon resonances were observed 86.0,
104.7, and 213.4 in th®C{H} NMR (CDCls) spectrum.
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It has been demonstrated that metalene complexes undergo
two fundamental fluxional processes: rotation about the metal
allene bond and migration of the metal between the orthogonal
allenes-systemg: 6 For2-Z in acetoneds there was no evidence
of a fluxional process on the NMR time scale betweed0 °C
and+60°C. However, the cobaltallene complexes underwent
thermal interconversion when observed over longer time pefiods.
Thermolysis of eithe2-Z or 3-E in acetoneds at 70 °C for 2
weeks gave a 64:30:7 equilibrium ratio 8fZ:3-E:2-E. The
greater thermodynamic stability of tiZeisomer relative to th&
isomer AG° ¢y ~ 1.5 kcal mot?] is unprecedented for metal
allene complexe%. An example of the typical behavior of metal
allene complexes is found for ff-CsHs)(CO)Fe(2,3%?-
CH,=C=CHMe)]BF, which exists as a 1.95/1 equilibrium ratio
of E/Z isomers at 50C.5

Single-crystal X-ray diffraction studies established the relative
stereochemistry for the three allene complexes toRfR4,SSY
for 2-Z, (RRE,SSEfor 2-E, and SRE,RSEfor 3-E. The Co-
C(51) distance is essentially identical (1.864 A average) in all
three structures and significantly shorter than the-@p’)carbon
distances. Despite the presence of the sulfone substituent on
C(50) of 2-E and an ester substituent on C(52)3E, the Co-
(sp’)carbon bond distances are identical (2.00 A) within experi-
mental error. The C(56)C(51)-C(52) angle of 136.6(2)n 2-Z
is at the low end of the range observed for other allene complexes
(134.5-160°) 4

Deuterium labeling studies were employed to address the
mechanism of the metallacyclobutene to metllene transfor-
mation. Reaction of TBAF with a 1:1 mixture of;¥CsDs)-
(PPhR)Co[C(SQPh=C(TMS)CH(CQE)] (1-d) and {;°-CsHs)-
(PPh)Co[C(SQPhF=C(TMS)CH(CQR)] (5, R (CHp)2-
CH=CH,) occurred without crossover to give deuterium-enriched
2-Z—d and3-E—d as well as nonenrichedh[{-CsHs)Co{ 1,242
CH(SOPhy=C=CH(CQ,(CH,),CH=CH,)}] (6-2) and [@;*-
CsHs)Cof 2,3472-CH(SQPh)=C=CH(CO,(CH,),CH=CH,)}] (7-

E).° The 1,3-propendiyl ligand il was therefore transformed
to the allene ligand ir2-Z and 3-E without migration between
metal centers. When the conversionlond TBAF to allenes
was carried out in the presence of €D in acetoneds, all three
allene complexes were deuterium-enriched only at thedditions
(>95%-d). Thermal isomerization o2-Z (deuterium-enriched

at Hy) in the presence of 0.1 M NaOGHZ2.8 M CH;OH) gave

a mixture of allene complexes with less than 5% deuterium at
the H, sites.

The reactions listed in Tabléwere carried out to determine
the origin of the allene product distribution. Allene isomerization
in the presence of added NaO©Mas examined since methoxide
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59) 1-d, [(15-CsHs)Co{ 1,24?-CH(SOQ:Ph=C=CH(CQ:Et)}] (2-Z—d), and
[(7>-CsHs)Cof 2,34#?-CH(SQ:Phy=C=CH(CO,Et)}] (3-E—d) were enriched
with 85% deuterium in the Cp ligand. Attempts to converto an allene
complex in the presence of addet were unsuccessful due to rapid
decomposition off upon exposure to TBAF.

(10) Severe line broadening in thel NMR spectra precluded the use of
NMR spectroscopy to directly monitor the reactionslofThe allene ratios
were determined by filtering the crude reaction mixture through a plug of
silica gel to remove paramagnetic impurities and subsequent analysis of the
solution by'H NMR spectroscopy.
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2-Z Co-C(50) 1.981(4) A, Co-C(51) 1.866(5), C(50)-C(51) 1.440(6), C(51)-C(52) 1.344(6), C(50)-C(51)-C(52) 136.6(4)°
2-E: Co-C(50) 2.000(2) A, Co-C(51) 1.859(3), C(50)-C(51) 1.415(4), C(51)-C(52) 1.335(4), C(50)-C(51)-C(52) 144.7(3)°
3-E: Co-C(52) 1.999(7) A, Co-C(51) 1.867(6), C(50)-C(51) 1.327(8), C(51)-C(52) 1.422(7), C(50)-C(51)-C(52) 141.5(6)°
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Table 1. Allene Complex Isomer Distributiofs
starting  reaction added
entry complex time(h) NaOCH(M) 2-Z 3-E 2-E
1 1 6 73 18 09
2 2-Z 6 89 08 03
3 2-Z 6 0.1 73 17 10
4 3-E 6 17 83 00
5 3-E 6 0.1 45 49 06
6° 1 0.5 56 33 11
7° 1 0.5 0.1 82 09 09
8 2-Z/3-E 336 63 29 08

@ Reaction conditions: acetone solvent, 0.1 M starting complex, 2.8
M CHsOH, 0.3 M TBAF, 70 °C.®20% conversion ofl. ¢80%
conversion ofl. ¢ Equilibrium ratio of allenes.

is generated from methanol in the reactiori@aind TBAF (Table
1; entries 3 and 5). A comparison of entries® established

A mechanism consistent with these results is shown in Scheme
2. Desilylation ofl leads to the anionic intermediaBg which
can then ring open to propargyl comp@xpath A) and/or allenyl
complex10 (path B). Protonation at cobalt gives hydrides
and12, respectivel}! Propargyl hydridel1is converted t@-E
by an intramolecular addition of the cobahydride bond across
the alkyne'? whereas reductive elimination frofr? gives2-Z/E.
The effect of added base on product distribution is explained if
9 and 10 interconvert® and each is in equilibrium with the
corresponding hydridekl and12. At early reaction times (low
[CH3O7]), the formation of3-E from 11 is competitive with
reversion t®. At later reaction times (higher [GJ@™]), reversion
to 9 is more competitive in the partitioning dfL. 1t is unlikely
that the activation energy for ring opening®by path A would
be of similar magnitude in comparison to ring opening via path
B. Preferential opening by path A is most consistent with the
observation that th2-Z/3-E ratio increases as the base concentra-
tion builds up during the course of reaction.
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that base accelerated the rate of allene isomerization. Entry 6JA9735259

indicated that at only 0.5 h of reaction tBeZ/3-E ratio from1
was close to the equilibrium value (entry 8). The observation
that isomerization 02-Z (entry 3) and3-E (entry 5) did not reach
equilibrium even afte 6 h indicates that neithe?-Z nor 3-E
isomerization is rapid enough to account for the nearly equilibrium
ratios of allene product observed frdnat 0.5 h of reaction (entry
6). Thus it is unlikely that eitheR-Z or 3-E is formed as the
sole kinetic product. In addition to accelerating allene isomer-
ization, added NaOCHaccelerated the rate of reaction for
conversion ofl to allenes (entries 6 and 7). Significantly, the
2-Z/3-E ratio of 1.7 at 0.5 h of reaction (entry 6) rapidly changed
to 4.0 at 6 h ofreaction (entry 1). Thus, as [GB] increases
during the conversion df to allenes, the rate @-E formation
becomes less competitive with the rate2e¥ formation.
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