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Table I,  Quantitative Nuclear Overhauser Enhancement Data®

IRR OBS
Ortho 3-3%, 1o, - 32
2 20 - 4%, 17eq - 4%, 22 - 10%

1

w

7 - 4%, 15ax - 5%
21 - 5%, 20 - 2%

1N |
~

12, 12, - 25%, 7 - 3%

14 13 - 32, 8 - 32

12, 12, - 5%, G, - 12 -

20 21 - 4%, 22 - 5%, 20, - 9%, 19ax - 1%, 19eq - 1%
7 13- 43, 12, - 2%, 7, - R

3 10, - 2%, CHy ,; - 1%, Ortho - 2%, NH - 5%
8 14 - 4%, 5 - 9%, 4 - 3%

5 4-4x, cH -2

4 5 - 4%, 8 - 3%, Ortho - 3%

10, Ortho - 3%, 3 - 3%, GH, ,, -1%

log Ortho - 2%, 3 - 3%, CHy - 12

15eq Gy g - 10%, 15ax-4%

19ax 20 - 4%, 19eq - 4%

17eq 17ax - 18%, 21 - 11%, l9eq - 3%, 16 - 12
15ax 15eq - 15%, 13 - 4%

19eq 19ax - 15%, 20 - 5%, 21 - 2%

18ax 19ax - 7%, C_H3 6 " 2%, lleq - 2%, 17ax - 2%
18eq 19ax - 3%, l7eq - 3%

16 14 - 2%, 15eq - 27, C_H3 16 " 2%, 17eq - 2%
Sy 15eq - 1%, 16 - 3%

oV 12, -82,3-7% 5- 9%, 4- 3%

17ax 17eq - 12%, l8ax - 2%

@ Nuclear Overhauser enhancements were determined by NOE
difference at 360 MHz in acetone-d,. Spectra were obtained
with a 3-s irradiation, a 1-ms delay, and a 90° observe pulse.

ketone) from X-ray crystallographic data.!> NMR data collected
on cytochalasin A (data not shown) agrees very well with the
solid-state conformation. The only X-ray data for cytochalasin
B was collected on a AgBF, adduct,' and the conformation of
the macrocyclic ring is significantly different in this case. The
silver adduct, then, has resulted in distortions in the macrocyclic
ring that are not present in solution. The solid-state conformation
of cytochalasin B has been used to explain its high affinity for
inhibition of the facilitated diffusion glucose transport system of
human erythrocytes.!® 1In light of these NMR results and the
small energy difference (<2 kcal) between the dissociation con-
stants of cytochalasin A and B, it seems more reasonable to assume
that the two macrocyclic rings are of very similar conformation.!é

The 2D exchange experiment provides access to data that can
identify the trans-annular nonbonded and torsional arrangements
that are inherently present in medium- and large-ring natural
products. This information is critical in establishing the con-
formation and in assigning relative stereochemistry to such sys-
tems. The rapid mapping of these interactions should facilitate
studies directed at understanding the chemical reactivity?!? and
biological activity!® of such systems.
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Heating causes reductive elimination of alkane from (n°-pen-
tamethylcyclopentadienyl)(trimethylphosphine}hydridoalkyliri-
dium complexes, leading to an intermediate capable of undergoing
oxidative addition to the C-H bonds in other alkanes.! We have
used this property to achieve two goals in the C-H activation field
that we wish to report: (a) establishment of reversible equilibrium
between a pair of alkanes and hydridoalkyl complexes, allowing
measurement of the equilibrium constant for this process and
providing a method for determining relative metal-carbon bond
energies, and (b) solution-phase thermal oxidative addition of
methane? leading directly to a stable hydridoalkylmetal complex.

The equilibration studies began with the mixture of dihydride
(1) and alky!l hydrides (2-5) formed on irradiation of 1 in n-
pentane. As reported earlier and illustrated in Scheme I, heatirg
this mixture to 110 °C in n-pentane caused disappearance of all
the resonances in the 'H NMR spectrum due to the secondary
hydrides and a corresponding increase in the signal due to the
primary hydride.! We judged from this observation that isom-
erization of secondary to primary hydridoalkyl complexes is
possible by thermal activation at this temperature and that (as
expected®) the primary complex is thermodynamically more stable.
Evidence that this isomerization occurs by intermolecular reductive
elimination/oxidative addition was obtained by carrying out the
reaction in cyclohexane, rather than pentane, solvent. In this case,
the amount of primary hydride remained constant, and the sec-
ondary hydrides were converted into hydridocyclohexyl complex
6 rather than primary hydridopentyl complex 2 (Scheme I).

This experiment also suggests that both the primary n-pentyl
and secondary cyclohexyl complexes are stable to reductive
elimination at 110 °C. In fact, higher temperatures are required
to bring these materials into the reductive elimination/oxidative
addition equilibrium illustrated in eq 1. The equilibrium constant

X
(‘r]5-C5Me5)(PMe3)Ir/H + CHz(CHy)zCH3 é (nﬁ-csMe"’)(PMEB)I(<(HCH2!4(:H3 + O o
1] 2
[2][cyc\chexcne]

eq” [G][n-pemcne] @

for this process (eq 2) can be conveniently measured by heating
either the primary complex 2 or the hydridocyclohexyl complex
6 in a solvent containing 91.5% cyclohexane and 8.5% n-pentane.
With either starting material, equilibrium is reached after 50 h
at 140 °C; the ratio of 6 to 2 under these conditions® is 1.0 £ 0.1.
This allows calculation of an equilibrium constant of 10.8, which
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corresponds to AG® gyerion = —2.0 kcal/mol at 140 °C. Making
the reasonable assumption that AS® for reaction 1 is close to 0
and using 94.5 kcal/mol for the secondary C-H bond energy in
cyclohexane and 98 kcal/mol for the primary C—H bond energy
in n-pentane,® we calculate® from this AG® that the metal—carbon
bond energy in primary complex 2 is 5.5 kcal/mol stronger than
the secondary metal-carbon bond in 6.

Attempted photolysis of dihydride 1 in perfluoroalkane solvents
under 4 atm of CH,4 gave no detectable methane activation (in
contrast to Graham’s observations? on the methane-activating
photolysis of (CsMes)Ir(CO),), perhaps because of the very low
solubility of 1 in these solvents. Photolysis in cyclooctane, a “slow”
substrate for C-H insertion of the presumed intermediate (n*-
C;sMe;)(PMey)Ir, under CH, gave only the previously observed!
hydridocyclooctyl complex (8). However, we were able to achieve
methane activation thermally and in high yield under reversible
conditions by taking advantage of the presumption that the hy-
dridomethyl complex 7 would be thermodynamically more stable
even than primary alkyl complexes such as 2. Thus, as shown
in Scheme II, heating hydridocyclohexyl complex 6 in cyclooctane
solvent in a sealed Pyrex vessel under 20 atm of CH, at tem-
peratures between 140 and 150 °C for 14 h led to a 58% yield
(NMRY)’ of hydridomethyl complex 7 (*H NMR § 1.87 (dd, J
= 2.0, 0.7 Hz, CsMe;), 1.22 (d, J = 9.8 Hz, PMe3), 0.71 (d, J
= 5.8 Hz, IrMe), -17.22 (d, J = 35.9 Hz, IrH)) along with 8%
of dihydride 1. Attempted isolation of the hydridomethyl complex
by crystallization or chromatography proved difficult, as it has
in other cases,! and so the material was treated with CHCl;,
converting it to the corresponding chloromethyl complex 9, which
could be purified and characterized by conventional means.®? The
isolated yield of 9 from starting hydridocyclohexyl complex 6 was
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50%. Confirmation of these structural assignments was obtained
by independent synthesis: chloromethyl complex 9 was prepared
by either ligand interchange between the corresponding dichloro
and dimethyl complexes (82% yield) or treatment of the dichloro
complex with methyllithium (80% yield) (Scheme II); it was
converted to hydridomethyl complex 7 in >90% yield by treatment
with excess LiBH, in THF.

In the methane experiment, we assume that the hydrido-
cyclohexyl complex 6 and hydridocyclooctyl complex 8 are formed
reversibly but do not build up due to their thermodynamic in-
stability relative to the hydridomethyl complex 7; i.e., 7 is the
“thermodynamic sink” for the system. The ability to functionalize
methane thermally and convert it quantitatively to a metalated
species is an essential step in the development of possible catalytic
functionalization schemes for this molecule; work along these lines
is continuing. Efforts are also under way aimed at applying our
method for determining relative metal—carbon bond energies to
additional pairs of alkyliridium complexes.
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Intense current interest is focused on understanding the elec-
tronic origins and consequences of = bond deformation in nor-
bornenes and methylenenorbornanes. Crystallographic data? and
supporting theoretical calculations® reveal that internally positioned
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