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Project Title
"Catalytic Hydrogenation of Carbon Monoxide"

Abstract

The principle objective of this program is toc learn how to utilize the unique
properties of rhodium porphyrins and related metallo’ species in achieving
catalytic hydrogenalion of carbon monoxide at mild conditions. Rhodium
porphyrins react with H2 and CO at pressures less than one atmosphere to
produce a metalloformyl complex which is a primary iniermediate in the
hydrogenation of CO. Several catalytic schemes are proposed which tlake
advaniage of the unique reactivity of rhodium porphyrins coupled with the
aldehyde like character of the metalloformyl intermediate. Multifunctional catalystis
that utilize rhodium porphyrins and a second catalyst known io promote the
hydrogenation of aldehydes are particularly promising candidates for achieving
low pressure hydrogenation of CO. Solvent effects are being explored as one
means of”tuning the thermodynamic and kinetic parameters for optimum catalytic
behavior. Results from studies of the rhodium porphyrin system provide a guide
in ‘designing new materials *that retain the favorable thermodynamic factors but
that ‘have improved reaction kinetics. Comparative studies utilizing wvariation of

the ligand array and central metal (Co,Rh,Ir) are being used to optimize the
desired catalysi behavior.
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Research Progress Report
The principel focus of this project is to develop strategies to accomplish
catalyhc hydrog‘enahon of carbon monoxide at mild: conditions. Initial motivation
for this program came from the observauon that rhodium octaethylporphyrm
dimer, [(OEP)Rh]g, reacts with hydrogen and carbon monoxide,
(Pyz + co < 1 atm.) to produce large equilibrium cc;hceﬁtrations of a metallo
formyl complex, (OEP)Rh—-CHO. {equations 1, 2).

1) (OEP)Rh-Rh(OEP) + Hgz & 2(OEP)Rh-H
2) (OBP)Rh-H + CO & 2(OEP)Rh-CHO

The metallo -hydride, (OEP)Rh-H, also reacts with formaldehyde to form a
hydroxymethyl complex, (QEP)Rh~-CH20H, (equation 3).

3) (OEP)Rh-H + CHoO &2 (OEP)Rh—CHo0H

Metallo formyl and hydroxymethyl species-areé-implicated as the fn:'st two

O it

organometalhc mtermedmtes in the formahon of organic oxygenates :Erom Ho and
l

,,_CO. Formatmn of large equilibrium concentratlon of these orgavometalhc

S

Rz

intermediates (reactions 1~3) 111ustrates the potential 1mportance of t\hese
L
materials in attaining hydrogenation of CO at mild conditions. .
A model scheme for metal complex catalyzed hydrogenation of CO to organic

products (CH30H, (CHzOH)é) is given by reaction steps 1-8.

1. M-M + Ho = 2MH

2. M-H ; + €0 & M-CHO

3. M-CHO- + Hp & MH-+ CH0

4. M-H . Cg0 & M-CH0H

5. Mécuzoxi + M-H & M-M + CH30H

6. M-CHg0H + c0 2 M-*C(O)CszH

7. M-C(O)CHzOH + Hp &  M-CH(OH)CHp0H
—  M-M + (CH20H)9

8. M-CH(OH)CHoOH + M-H
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This s.cheme. is used in guiding and focusing our studies on the most

important intermediate sieps in the hydrogenation of carbon monoxide. Each( of
the st.e'ﬁs 1-8 has been observed as either a thermal or photoprocess for the
rhodiﬁm porphyrin system. Reactions 1, 2, 4, 5 and 8, occur by thermal roules
(T ¢ 80°C) while reactions 3, 6 and 7 occur by photolylic pathways (A > 350 nm).

. The rhodiu‘r’n porphyrin catalysed photopromoted formation of CHo0 and CH30H
from Hy and CO are illustrated in figures 1 and 2.

Yea +2 Hz——.-u—)- "c H,OH
. »x

a{orm(vens)
Hy

s on

N Beo s Hy—s CH,0
\ - }h(ﬂ[PJ("CHQ el

A A—

. xx{ot)(H)
IJ:H JUH .
v T\

~

ki

o

B—- ﬂ\zﬁ .
k‘. “ Do, me[} '
h : L | e —JL—_L—‘——— -
R R

s T g s ¢ Mo T o 1 dg T 7.6 e
0. ua : . o —
Figure 1. 18 MR specira of rhodiun octmethylporphvrin Figure 2. 14 MR spectra of rhodiun octaethylporpbyrin
species in Cglg under Ha and 13cO. species in Cgdg under ¥ and 13co.
* A. Thermal Eouilibrium (T = 353 K; Pgs + Fl3gg = 600 torr). 4. Themsl Equilibrium (T»298 K; Pgs + Pl3co = 600 torr}.
B. Products from photolysis of solution & A = 300 nm; B. Producis from photolysis of sclution A (3 < 300 nm;
t=36h; T= 353 K). &}3cHa08 = 2.99 ppm; ¢13chz0R = 50.2 t = 45 min; T = 298 K). £I3CE208 = B.68 ppws Jisc-A = 176 Hz.
Ppm: Jasp-p = 140 Ez.
: =N . .

Organometallic reactions of rhodiurﬁ porphyrins have unusual thermodynamic
and mechanistic‘: features'.{{-i"‘he unprecedented organometallic reactivty of rhodium
porphyring is a éonsequence of an unusual set of Rh-C{55-80 kcal) and Rh-H(~60
keal) bond energies. Near equivalence of the Rh-C and Rh-H bond energies
p;’ovides favorable thermodynamics for addition reactions of (por)Rh-H to C-0
multiple bonds. The rigid porphyrin macrocycle occupies the four binding sites
adjacement to the Rh-X (X=H,R) bond and provides a barrier to the pathwa'ys

utilizing a c@_s coordination site that are generally associated with migratory

-t
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insertion, oxidat'ive“addition, reductive eliminiation and f-H eliminations. As a
conseguence, many organometallic' reactions for rhodium porphyrins proceed by
bond homolysis or heterolysis, which are relatively high energy pathways. ‘
Many: of 1.‘he unusual org‘.anqmeta.llic species produced by rhoglium porphyrin
_complexes are key intermediates in the format.iogi and transformation of organic
compounds and waould have c;onsiderable utility if the product forming l
‘ méchanisms were not inhibited by the coordination properties of the porpixyrin
ligand. Our primary goal for next year is to identlify complexes that manifest
favoralbklle t.hermodynamlc factors to produce the desn'ed reaction mtermed1ates
coupled with more favorable kinetic pathways to form organic products. ’I‘he
initial a;:proach ig simply to choose ligands with. donor proper'tles ‘gimilar ,_to that
of a porphyrin ligand, but that have adeguate structural ﬂéxibility’”“%o provide
t',he opplortunity for reaction mehanisms that utilize an open coordination site cis
to the M~H or M-C bonds.
We have. recentl‘y observed thaj:t.. the Rh-Rh bonde:.:l macrocycle complex
‘(Rh(TM;I‘AA)l)? accomplishes the desired r.eac?tivity with Hg and 'CO to produce
. metallohydx"ide and formyl complexes. - ‘ A
2
(Rh(IMTAA))2 + Hp & 2Rh(TMTAA) 3@ @["Ij
Rh(TMTAA) (H) + CO €2 Rh(TMTAA)(CHO) = ~
This system prbvides the first guccessful extension of hhis*typg of reactivity
beyon;i the rhodium porphyrin system, and 1t TIOW Seems evident that a férge -
“class of rhodium complexes with conventional macrocycle and chelating ligand
arr.ay,s may.be _egfective in promoting the initial steps in the hydrogenation of
CO. Ligand arrays are now being selected }E?L can produce open cis

. . . . . PR { .
coordination sites which permil conventionu..reaction pathways and thus more

Rl i

favorable kinetic factors.
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