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• STATEMENT OF PROBLEM:

The de,oxygenation of phenols is a conceptually simple, but unusually difficult

chemical transformation to achieve. The phenolic C-O bond energy of 103 kcal/mol is as

strong as a benzene C-H bond and over 10 kcal/mol stronger than the C-O bonds of
methanol and ethanol.

D(C-O)-103 kcal/mo_ O'H _j D(O-H)= 85 kcal/mo]

D(C-H) < 103 kcal/mol

The consequence of this is that the hydrogenatiort/deoxygenation methods in current use

require severe conditions and give low selectivities. The ongoing research described

herein is based on the unprecedented, but thermodynamically promising, use of carbon

monoxide as the oxygen atom acceptor for the catalytic deoxygenation of phenols.

SIG_CANCE OF PROBLEM:

Aryl carbon-oxygen bond cleavage is a chemical transformation of importance in

coal liquefaction and the upgrading of coal liquids 1-9as well as in the synthesis of natural

products 10"17. There have been numerous attempts to discover general methods for the

cleavage of aryl carbon-oxygen bonds 13"15'18-22. Ali the stoichiometric organic methods

for phenol deoxygenation have limited applications and involve expensive reagents.

Catalytic methods for the hydrodeoxygenation (lIDO) of phenols involve supported

transition metal oxides, such as Mo/y-AI203, Ni-Mo/7-A1203, Co--Mo/N-A1203, and

Fe203/SiO2. Typical phenol hydrodeoxygenation conditions involve hydrogen pressures

in excess of 100 atm and temperatures in excess of 200°C. Uuder these conditions arene

ring hydrogenation is generally found to compete with phenol de.oxygenation; and the

coproduct water is found to impair the activity of the catalysts. 1-5,7,8 This proposed

research offers the possibility of effecting the selective catalytic deoxygenation of

phenolic functional groups using CO.
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RESEARCH BACKGROUND:

A program of research for the catalytic de.oxygenation of phenols, via a low energy

mechanistic pathway that is based on the use of the CO/CO2 couple to remove phenolic

oxygen atoms, is underway. The use of readily available CO as the repository for the

phenolic oxygen atom provides both a highly thermodynamically favorable and a

kinetically feasible pathway. The deoxygenation of phenols by CO, eq 1,

OOH(/) + COIg) _ - _H{/) + CO 2 (g) {I}

AG298 = -20.7 kcal/mol

is themaodynamically favorable by over 20 kcal/mol. However, prior to our studies 23,

examples of oxygen atom transfers from phenols to CO did not exist. The key to our

studies involves the exploitation of the insertion of CO into the M-O bonds of metal

phenoxides, eq 2.

O

M--O + CO _ M--C O--_.__2 (21

The subsequent decarboxylation, which affords CO2 and a metal phenyl complex 23, has a

high thermodynamic driving force, eq 3.

0

"-0 - -0M-c-o _ CCh + M (3)

Benzene can be produced by protolysis or hydrogenation, eq 4-5.

M--_ +H. ""------ M+ + O {4}

M--O +H 2 _ "- M-H + O (5)

Althoughourearlierworkontheplatinumcomplex,Pt(dppc)(OPh)2,achievesthe

dcoxygenationofphenols23,thissystemfellshortofourdesiredgoalsbecausethephenyl
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group produced from benzyne is eliminated along with an undeoxygenated

aryloxycarbonyl group to yield the ester, phenylbenzoate. Moreover, the deoxygenation

reaction is stoichiometric instead of catalytic. We are therefore focusing on systems

which have significant promise as catalysts: Ir(triphos)OPh, [Pt(triphos)OPh] + and

Rh(triphos)OPh. {triphos = bis(2-diphenylphosphinoethyl)phenylphosphine }.

/ \
M

Our studies of phenol deoxygenation focus on monitoring the reactions for the

elementary processes upon which catalytic activity will depend: CO insertion into M-OPh

bonds, CO2 elimination from aryloxy carbonyls {M-C(O)-O-Ph}, followed by formation

of a coordinated benzyne intermediate.

RECENT EXPERIMENTAL RESULTS:

Palladium dppm dimeric systems have been shown by this group to deoxygenate

phenols with the unfortunate production of Pd ° clusters

o,,L-c\L ,o
• ,/,Pd Pd 2 CO _,,_a _a__,..L..oI I o\.% To,u°.._ i .o"°I I%.i

_'_2 CO2

__)H _ G.C.-MSofvolitiles , I,C\I ,

/

- rW..T0T0.
Pd ° Clusters _P_P
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Along with the Pt(triphos)(O-Ph)PF6 and Ir(triphos)(O-Ph) systems we are currently

working with several dppm bridged platinum dimers.

I. Preparation of Pt2fS-Phb_(u-S-Ph)fu,-dppm) 2

As a preliminary study Pt2(S-Ph)2(la-S-Ph)(gt-dppm)2 was synthesized by the

reaction of Pt2C12(gt-CO)(_t-dppm)2 with NaSPh according to equation 6.

AO -l a

c,z7 T.F
eq. 6

Pt2(S-Ph)2(gt-S-Ph)(gt-dppm)2

The product has been conf'trrned by elemental analysis and M.S., with a fragmentation

pattern showing three distinct losses of S-C6H5. CO production was confirmed by

headspace G.C. Currently crystallographic studies are underway. To date Pt2(S-Ph)2(gt-

S-Ph)(gt-dppm)2 has shown no reactivity with CO at 100 psi and 55°C, eq. 7. This is

further evidence for a bridging phenyl mercaptide.

T'_I_ 55°C andlOOpsi
+ CO + p-cresol = No Reaction

solvent

_S _1 _ S" p-cresol

Pli p_p Ph eq. 7

II. Attcmpt¢4t synthesis of P!2CI2fu-dppm)fO-Ph-Mc)2

The synthesis of this molecule by metathesis methods has provided either

unidentifiable products or no reaction at all. Outlined below are the combinations of

reagents attempted to force the halide metathesis.
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A

•
Cl--I_l--_--Cl + Na O-Ph-Me = No Reaction

/ /

P_P

A? 1) THF
CI-19I---PI-Cl + Zn(Triflate)2 -_. + Na O-Ph-Me " No Reaction

IV AgPF 6 - 2) Filter
P_/P TMS-Triflate

TIPF 6

,p"_,p

___ _ 1) THF

-_ + Na O-Ph-Me -- No Reaction
CI "_" -Ci + Zn(Triflate)2 2) Filter

The formation of unstable solvento species is the likely stumbling block for these

reactions. The formation of platinum clusters could easily proceed from the anticipated

disolvento species. Currently these methasis reactions are being attempted in the

presence of excess phenoxide to avoid these problems•

III. Chemistry_of Pt2(_12H2(_-H)(tt-dppm)2

The related binuclear hydroplatinum complex, Pt2C12H2(I.t-H)(I.t-dppm)2has been

reported to under go reversible displacement of dihydrogen with carbon monoxide, as

well as Water Gas Shift chemistry and we are now exploring this complex as a catalyst

precursor.

To date Pt2C12H2(_-H)(ILt-dppm)2has not reacted with excess p-cresol in

refluxing benzene, eq.8, nor has the PF6 salt reacted in neat p-cresol at 90°C, underan

active vacuum, eq. 9.

-1a
[ I 20 min Reflux

jH_ + xs p-cresol = No Reaction

H_? _'_H Benzene

eq. 8
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PF6
• p/' pI I

I,/l'l_l +p-cresol(neat) Vacuum _- No Reaction

eq. 9

Although, the chloride salt has shown encouraging 3]p NMR evidence of a partial

reaction with the chloride salt at 90°C, under an active vacuum, eq. 10. The 3lp NMR

spectrum shows an AA'BB" signal centered at 17 ppm with platinum phosphorus

coupling constants indicating the singly substituted molecule, A.

-_CI

I ,/H_ I + p-cresol (neat) Vacuum = Ph- O--l't _.---CI

P_P P_P eq. I0
A

The p-cresol then is not a strong enough acid to attack the hydrido platinum dimer. In

the near future the reactivity of these complexes in the presence of a strong non-

coordinating acid will be examined.

CONCLUSION:

The deoxygenation of phenols by carbon monoxide mediated by Ir(triphos)(OAr )

has provided us with a catalytic phenol deoxygenation pathway, through the elimination

of CO2 and formation of a benzyne intermediate. Although the [Pt(triphos)(O-Ph-

Me)]PF6 system is not expected to be as efficient a catalyst as some of the other transition

metals systems we are currently exploring, it will provide more information about the

deoxygenation mechanism in these triphos complexes. This is due to the presence of the

structurally sensitive 3lp. 195pt coupling constant and comparisons to the extensively

studied Pt(dppe)(O-Ph)2 systems.
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