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a singlet at 7.09 ppm (2 H).
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Summary: The enthalpy of reaction for the photodisso-
ciation of Mn,(CO),, in several solvents has been mea-
sured by pulsed time-resolved photoacoustic calorimetry.
Using known quantum yield measurements for Mn—-Mn
homolysis and Mn-CO ligand dissociation, the Mn-Mn
bond strength is determined to be 38.0 £ 5 kcal/mol.

Crucial to the development of metal cluster chemistry
is a knowledge of the metal-metal and metal-ligand bond
strengths in at least a few transition-metal cluster com-
plexes. The difficulties in obtaining such information are
illustrated with the example of the metal-metal bond
strength in Mn,(CO),,, the first unsupported metal bond
to be characterized.! The dissociation energy for the
metal-metal bond has been obtained from thermochemical
measurements (16 kcal/mol,? 22.5 kcal/mol,® and 34 + 13
kcal/mol*), electron-impact mass spectroscopic data®®
(values ranging from 19 to 28 kcal/mol), kinetic mea-
surements in solution'®'2 (36.8 kcal/mol), and recently a
combination of ICR and photoelectron spectroscopy!® (41
%+ 9 kcal/mol). This disturbing scatter of values points
to the difficulty of obtaining specific bond energies in
transition-metal complexes.

The metal-ligand bond dissociation energy in Mn(CO);L
complexes has been investigated,> but the absolute Mn-L
bond energies are based on the value estimated from D-
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Table I. Enthalpies of Reaction in Various Solvents®

solv AH,.b kcal/mol
hexane (C¢H,,) 14.0
cyclohexane (CgH,y) 13.6
THF 11.9
acetonitrile (CH;CN) 11.5

2 Photolysis of Mny(CO),4 solutions (OD < 0.4) at room temper-
ature with 337-nm excitation. ®Errors are £1.0 kcal/mol.

(Mn-Mn) in Mny(CO),, and are, therefore, themselves only
as reliable as this estimate.

In this communication, we report an estimate of the
D(Mn-Mn) in Mn,(CO),, in solution obtained by using
pulsed time-resolved photoacoustic calorimetry. This is
a method whereby reaction enthalpies for ground-state
reactants forming stable or transient photoproducts are
measured. In this experiment, a fraction of the energy
absorbed by the sample from an incident light beam is
ultimately released as heat. Local thermal expansion
generates pressure waves which can be detected by a
transducer. An in-depth analysis of the theory and ex-
periment has been reported.!®

Quantitative interpretation of the heat deposition
measured in this experiment requires a knowledge of the
mechanism and kinetics of the photochemical reaction
under study. Fortunately, the photochemistry of Mn,(C-
0)y, is one of the best studied among transition-metal
cluster carbonyls.’® Kinetic experiments in several labo-
ratories'’1° are consistent with the mechanism outlined
in Scheme I. Picosecond flash photolysis experiments
performed in our laboratory!’ showed that photolysis of
Mny4(CO),, leads to the formation of Mn(CO); and Mn,-
(CO)g within 25 ps of excitation. Quantum yield mea-
surements for the dissociation of Mn,(CO),, are available,
yet the literature values are varied.

In the study reported herein, the enthalpy of reactions
AH, of the above photoprocess were measured??! in a
variety of solvents at room temperature and are listed in
Table I. Simply, AH, is determined by comparison of the
integrated photoacoustic waveform obtained from photo-
lysis of Mn,(CO), to that obtained from photolysis of a
standard, i.e., ferrocene, with known photophysical and
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photochemical properties. The enthalpy of reaction can
be related to D(Mn—Mn) by

AH, = ¢p_y[D(Mn-Mn) + 2AH ,.«(Mn(CO);)] +
¢-co[DIMn-CO) + AH ,,s(Mn,(CO)g)]

where ¢_y is the quantum yield for Mn—-Mn bond cleavage,
¢_co is the quantum yield for Mn-CO bond cleavage,
D(Mn-CO) is the bond enthalpy of the Mn—-CO bond,
D(Mn-Mn) is the enthalpy of the metal-metal bond,
AH ,.¢(Mn(CO);) is the coordination energy of the Mn-
(CO)s fragment, and AH,4(Mny(CO),) is the coordination
energy of the Mn,(CO), fragment. Recent reports place
the Mn—-CO bond enthalpy at 36 £ 2 kcal/mol.*®

As the present experiments are performed in solution,
the enthalpy of coordination to the solvent of the photo-
products must be considered. Reliable estimates for these
values are not available. For the solvents employed,
AH ,¢(Mn(CO);) is expected to be small and therefore
should contribute little to the overall enthalpy of reaction.
However, AH 4| Mn,(CO),] should be more substantial,
perhaps ranging from 5 to 25 kcal/mol. However, the small
quantum yield, 0.1, for CO dissociation®*?* suggests that
the contribution to AH, from the ligand loss pathway,
¢_colD(Mn-CO) + AH ,;:aMn,(CO)y] leads to values
ranging from 1.1 to 3.1 kcal/mol. This conclusion is sup-
ported by the small range in AH, values observed for both
weakly and strongly coordinating solvents.

With use of the enthalpies of reaction reported herein,
the literature quantum yields,? a value of 36 kcal/mol for
D(Mn~CO), and a range of 5-15 kcal/mol for AH, .4
[Mny(CO)g] in hexane, the value obtained for D(Mn-Mn)
is 38.0 £ 5 kcal/mol in hydrocarbon solvents. The indi-
cated errors is D(Mn—~Mn) come only from the precision
of the AH, measurement and do not reflect errors in other
values used in the calculation.

The determination of the D(Mn~Mn) is dependent on
accurate photochemical quantum yields. The quantum
yields of 0.3 and 0.1 for the homolysis and ligand loss,
respectively, yield a reasonable value for B(Mn-Mn).2>%
Total quantum yield measurements reporting a higher
value® are inconsistent with our results. Were the total
quantum yield greater than 0.6, values of less than 20
kecal/mol would be calculated for D(Mn-Mn) from our
measurements. Such a low value for the metal bond dis-
sociation energy is inconsistent with chemical evidence,”
and we therefore favor the lower literature values.
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Summary: The reaction of (Z)-1-lithio-1-alkenes with
B-methoxy-9-borabicyclo[3.3.1]nonane proceeds to form
lithium (Z ) 1-alkenyl-B -methoxy-8-borabicyclo[3.3.1]no-
nanes. Treatment of the “ate” complexes with boron
trifluoride—diethyl etherate affords the unknown B-(Z)-1-
alkenyl-9-borabicyclo[3.3.1]nonanes in good yields.
These undergo smooth reaction with benzaldehyde and
methyl vinyl ketone, providing the corresponding allylic
alcohols and 4-alkenyl-2-butanones, respectively, with the
corresponding stereochemistry.

The B-(E)-1-alkenyl-9-borabicyclo[3.3.1]nonanes (B-
(E)-1-alkenyl-9-BBN) exhibit exceptional stereospecific
reactivity, not exhibited by other boron derivatives.?
These B-(E)-1-alkenyl-9-BBN reagents are readily pre-
pared via the regio- and stereospecific monohydroboration
of 1-alkynes with 9-BBN in high yields (eq 1).> Unfor-

R H
R—C=C—H + @B—H — \c= / (n

SN

H Bz
tunately, the lack of a convenient procedure for the clean
preparation of the corresponding stereoisomeric B-(Z)-1-
alkenyl-9-BBN derivatives has severely limited the general
application of syntheses based on these derivatives.

In the past, two routes have been investigated for the
stereospecific synthesis of the B-(Z)-1-alkenyl-93-BBN
reagents. The first effort involves hydroboration of 1-
halo-1-alkynes with 9-BBN, followed by treatment with
tert-butyllithium.* Unfortunately, this procedure afforded
a mixture of two products due to indiscriminate migration
of both the hydride and the cyclooctyl ring.

In the second effort, the controlled catalytic hydrogen-
ation of B-1-alkynyl-9-BBN reagents under a variety of
experimental conditions resulted in a complex mixture of
products containing the desired alkenylborane in <50%
yields.?

In view of the fact that alkyl- and B-1-alkynyl-9-BBN’
reagents are readily prepared via reaction of the corre-
sponding lithium reagents with B-methoxy-9-BBN, it
seemed possible that a similar reaction using (Z)-1-
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