PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION

International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 3: (11) International Publication Number: WO 80/01689
C07C 45/50,27/20; COTF 7/08,9/50; B01J | A1
31/02, 31/12 (43) International Publication Date: 21 August 1980 (21.08.80)

(21) International Application Number: ~ PCT/US80/00212 | (74) Agents: MATALON, Jack et al.; Exxon Research and
Engineering Company, P.O. Box 390, Florham Park,

(22) International Filing Date: 12 February 1980 (12.02.80) N7J 07932 (US).
(31) Priority Application Numbers: 011,238 | (81) Designated States: BR, DE, FR (European patent), GB,
043,548 JP,NL, SE.
114,627
(32) Priority Dates: 12 February 1979 (12.02.79) | Published
29 May 1979 (29.05.79) With international search report
23 January 1980 (23.01.80)
Published before the expiration of the time limit foramending
(33) Priority Country: US | the claims and to be republished in the event of the receipt of
amendments.

(71) Applicant: EXXON RESEARCH AND ENGINEE-
RING COMPANY [US/US]; P.O. Box 390, Florham
Park, NJ 07932 (US). :

(72) Inventor: MITCHELL, Howard, Lee, I1I; 5188 Highland
Road, Baton Rouge, LA 70808 (US).

(54) Title: PHOSPHINE AND PHOSPHONIUM COMPOUND AND CATALYST AND THEIR USE IN HYDROCAR-
BON CONVERSION PROCESSES

(57) Abstract

Novel ligand materials and transition metal complexes thereof which are useful as solvents and/or catalysts for various
processes, including catalytic conversion processes for the conversion of hydrocarbons or carbon monoxide, such as the hydro-
carbonylation of olefins, hydrogenation using H2 or CO and H70, dehydrogenation, hydrocarbon synthesis, alcohol synthesis,
and water-gas disproportionation catalysis. Among the novel ligand materials disclosed are compositions containing phosphine |
and arsine coordinating groups along with, e.g., groups comprising fluorines, ethynyl or ethenyl groups, quaternary ammonium,
arsonium and/or phosphonjum groups. Ligands containing M-O-L linkages and complexes thereof are also disclosed wherein
M is selected from, for example, Sior Tiand L is selected from P or As. Also, various ion-exchanged ligand compositions, photo-
reactive compositions and the uses of such compositions are also described.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used toidentify States party to the PCT on the front pages of pamphlets publishing international appli-
cations under the PCT.

. LI Liechtenstein
AT Austria LU Luxembourg
AU Australia MC Monaco

BR Brazil MG Madagascar
CF Central African Republic MW Malawi

CcG Co;lgo NL Netherlands
CH Switzerland NO Norway

M Cameroon RO Romania

DE Germany, Federal Republic of SE Sweden

DK Denmark SN Senegal

FR France SU Soviet Union
GA Gabon D Chad

GB United Kingdom TG Togo

HU Hungary . us United States of America

JP Japan
KP Democratic People’s Republic of Korea




WO 80/01689 PCT/US80/00212

-1-

¢ o e - e - i oot~ £,

- .
" PHOSPHINE AND PHOSPHONIUM COMPOUND AND CATALYST
. AND THEIR USE IN HYDROCARBON CONVERSION PROCESSES

t

TECHNICAL FIELD

The invention relates to ligand materials,
solvents, and complexes used in hydrocarbon and carbon
monoxide conversion reactions. More specifically, the
iﬁvention relates to novel solvents, ligand materials,

S complexes, ilon-exchanged ligand compositions and
photoreactive compositions and to processes of using
these materials, for example, in hydrogenation,
dehydrogenation, hydrocarbonylation, hydrocarbon
synthesis, alcohol synthesis and water-gas dispro-

10 portionation catalysis.

BACKGROUND ART

Various ligands and catalysts are known for‘
hydrocarbon and carbon monoxide conversion reactions.
For example, rhodium catalystg containing triaryl
phosphine ligands have been extensively used for
15 hydroformylation reactions. Likewise, cobalt hydro-
formylation catalysis has been widely used commer-
cially, but the addition of phosphine ligands has
proven of only minor value in such reactions.
Transition metal complexes of both triphenylphos-
20 phine and trialkyl phosphine have been widely studied
as catalysts for hydroformylation, hydrogenation, etc.
For their application in reactions of carbon monoxide,
particularly carbonylations, see the monograph of
Juergen Falbe, "Carbon Monoxide in Organic Synthesis,"
25 springer Verlag, New York, 1970. Also, general

discussion of catalysis of reactions of carbon monoxide
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is included in "Homogeneous Catalysis Involving Carbon

Monoxide" Catalysis, Vol.I, Specialist Periodical

Reports V, The Chemical Society, Burlington House,
London, 1977 by Davidson, et al. In the area of rhodium
catalyzed hydroformylations of alpha-olefins,
homogeneous catalyst -systems employing triaryl
phosphine and other trivalent phosphorus compounds in
complex with rhodium plus excess phosphine ligand were
described by R. L. Pruett and J. A. Smith in U. S.
Patent No. 3,527,809.

Certain transition metal complexes containing phos-
phines covalently anchored to polymeric substrates have
also been disclosed as heterogeneous catalyst systems.
Such polymer-anchored complexes were reviewed by C. C.
Leznoff in Vol.III, pp.65-85, of the Chemical Society

Review in 1974. The polymer-anchored rhodium hydro-
formylation catalysts were also discussed in detail in
the Journal of Organometallic'Chemistry, Vol.134,
Pp.85-94, in 1977 by W. H. Lang, A. T. Jurezicz, W. O.
Haag, D. D. Whitehurst and L: D. Rollmann. Other

complexes covalently anchored to inorganic solids, such
as silica, were disclosed in a number of U. S.

patents such as No. 3,726,809 by K. G. Allum, S.
McKenzie and R. C. Pitkethly and No. 4,151,114 by A. A.
Oswald and L. L. Murrell.

Oswald in U. S. Patents Nos. 4,136,103 and
3,929,849 discloses tetraakylphosphonium aluminosili-
cates and complexes thereof with group VIII transition
metals, e.g., rhodium. There is no suggestion in these
patents of using such catalyst in any hydrocarbon and

carbon monoxide conversion processes.
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Still other patents have described bis-phosphine
compounds as complexes for rhodium. For example, Boothr
in U.-S. Patents Nos. 3,965,192 and 3,560,539 discloses
ethylene bis-(diphenylphosphine) as a ligand for

5 rhodium complexes.

McVicker in U. S. Patents Nos. 3,939,188 and
3,946,082 discloses processes for preparing oxygenated
products such as aldehydes and suggests as catalysts
for his process zero valent rhodium complexes with

10 wvarious ligands thereon. As ligands for such complexes,
McVicker suggests, for example, phosphine ligands with
various substituents selected from a long list of
possibilities among which are included halides such as
fluoride, alkyl, alkoxy, cycloalkyl, cycloalkoxy,

15  phenyl, phenyl substituted with halide, phenyl
substituted with cycloalkyl, phényl substituted with
alkoxy, oxyphenyl, oxyphenyl substituted with alkyl,
oxyphenyl substituted with cycloalkyl, oxyphenyl
substituted with halide and oxyphenyl substituted with

20 cycloalkoxy. :

Kawse .in U. S. Patent No. 4,013,700 discloseé a
process for the manufacture of polyhydric alcohols and
their ether and estér derivatives by reacting oxides of
carbon and hydrogen in the presence of small amounts of

25 a quaternary phosphonium cation and a rhodium carbonyl
complex. Exemplary quaternary phosphonium cations for
the Kawse process are described in Column 4, lines 8-41
of the patent.

Some of the latest advancements in Fischer-Tropsch

30 and water-gas shift reactions are disclosed in

"Advances in Fischer-Tropsch Chemistry" by M. E. Dry in
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Ind. Eng. Chem., Prod. Res. Dev., Vol.15, No. 4, 1976;

"Reductions With Carbon Monoxide and Water in Place of
Hydrogen. 1. Hydroformylation Reaction and Water-Gas
Shift" by H. C. Kang, et al in Journal of the American
Chemical Society, Vol.99, pp.8323-8324 (1977); and
"Coal Research Shifts to Soluble Catalysts" in Chemical

Week, April 19, 1978, pp.63 and 65. Advances in the use
of silicate clusters are discussed in "New Sili-

cate Has Clusfer of Uses," Chemical Week, March 7,
1979, pp.37 and 38. Various aspects of the support of

metal complex catalysts on metal oxide supports as well
as the use of such materials in photo reactions are
discussed in "Chemical Modification of a Titanium(IV)
Oxide Electrode to Give Stable Dye Sensitisation
Without a Supersensitiser" by S. Anderson, et al in
Nature, Vol.280, August 16, 1979 and "Photo-electro-
chemical Conversion of Optical Energy to Electricity
and Fuels," by M. S. Wrighton in Accounts of Chemical
Research, Vol.12, No.9, pp.303-310 (September, 1979).
Other aspects of Fischer—Tropsch synthesis and similar

reactions are discussed in '"Carbon Monoxide-Hydrogen

Reactions," by H. Pichler, Kirk Othmer's Encyclopedia

of Chemical Technology (Second Edition), Vol.4,
PP .446-489 (1964).

DISCLOSURE OF INVENTION
In accordance with the present invention, a series

of novel solvents, ligand materials and transition
metal complexes have been discovered which are
particularly advantageous for use in catalytic
conversion processes for the conversion of hydrocarbons

and carbon monoxide to more desirable products.
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One aspect of the present invention involves
compounds containing ethynyl linkages. These ethynyl
compounds are of the formulas

+ - ,
R4‘bL [QC::CéJ)]c[—QéJ)a]d I

5 and
RS_b.L[C'—_—_‘:CQ(-J)a. T [—Q{-J)a. ]d. II.

In these formulas, the symbols a and a' are integers of
from 0 to 2, while b is an integer of from 1 to 4 and
b' is an integer of from 0 to 3. The symbol ¢ is an

10 integer of from 1 to 4, while ¢' is an integer of from
1 to 3. The symbol d is an integer of from 1 to 3, and
d' is an integer of from O to 2. The sum represented by
c+d equals b and the sum represented by c'+d' equals
d'. Each L is inhdependently selected from a trivalent

15 P, As and N atom. Each R group is independently
selected from the group consisting of alkyl, alkenyl,
alkynyl, aryl, alkoxyalkyl, aryloxyalkyl, alkoxyaryl,
aryloxyaryl, ferrocenyl, and-fluoro groups, wherein the
aryl portions thereof can Be.substituted with a halogen

20 and the alkyl portions thereof can be substituted with
a member selected from halogen and hydroxy groups,
provided that said halogens on said alkyl groups are
not in an alpha-position with respect to L atoms unless
they are fluoro atoms. Each Q group is independ-

25 ently selected from the group consisting of alkyl,
alkenyl, alkynyl, aryl, alkoxyalkyl, aryloxyalkyl,
alkoxyaryl, aryloxyaryl, and ferrocenyl, wherein the
aryl portions thereof can be substituted with a halogen
and the alkyl portions thereof can be substituted with

30 a member selected from halogen and hydroxy groups and
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wherein the Q groups have a+l points of attachment to L

atoms. Each J is selected from the group consisting of

<+

o1 1 1 + 1+
LR2, LR-Q —LRz, LR-Q -LR-Q LRZ, L R3, L RZ—Q ~-L R3’

, LR-Q'-L¥R

+ 1
and L RZ_Q —LRZ,

+ 1 _+ 1.+
L RZ—Q -L RZ—Q -L R3 2

wherein Q1 is a member selec?ed from the same group as
for Q except that said Ql groups héve two points of
attachment to L atoms. The compounds also include
single or multiply charged inorganic or organic,
soluble anions having charges sufficient to balance the
charges from any LY moieties.

In a preferred embodiment of this class of
compounds, L in formula II is a phosphorus atom.
Particularly preferred ethynyl compounds are of the
formulas Rz_b,L{CEEC—QL+R3)b, (III) and
R3_b,P4CEC—QP+R3)b, (1v), wherein b' is an integer
from 1 to 3 and R, L and Q are as defined above.

In another preferred embodiment of the invention,
at least one R group on the L atom of formula II is a
fluoro group. Particularly preferred ethynyl compounds
within this class include compounds of the formulas
R, _p  FL4C C—QP+R3)b, (V) and R, , ,FP4C C—QP+R3)b,
(VI), wherein b' is an integer of from 1 to 2 and R, L
and Q are as defined above.

Preferably, the compounds of formulas I and II
contain from 1 to 3 LY moieties. In another preferred
embodiment, the compounds of I and II contain at least
one L* moiety attached through an ethynyl linkage to an
L moiety. In yet another preferred embodiment of the

invention involving ethynyl compounds, only one R group

ey m AT
nﬁa’ﬁ:é
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attached to an LY in the compounds of formulas I and Iz
can be a methyl group, unless L of L* is nitrogen.

The anions balancing the charges from any LT
moieties on the ethynyl compounds of formulas I and II-
should preferably be non-nucleophilic anions such as
carboxylates, phenolates, or halides (the term
"halides" as used in this specification and in the
attached claims is intended to include F , Cl1~ or Br

only), more preferably CH3503~, PhSOS_, PhPosz,
_ = -3

2 7 59, PO 4 or BFZ,

TaF g, (SbF 0,SCF;)", (n-C,Hg) B, or

PhZPO and most preferably

SbF6, FSCSOS’

PhéB-. The more polar solvents, such as water, acetic
acid, dimethylsulfoxide, CHSSOZH’ PhSOSH, FSCCOZH or
propionic acid, render the anions less nucleophilic,

and therefore, even the more nucleophilic of the above
anions becomes best suited for use in any desired
application. This is especially true of F , Cl1~ and Br .

The compounds of formulas I and II should contain
less than 200 atoms other than hydrogen atoms and
halide atoms. Preferably these ethynyl compounds
contain less than 100 atoms other than hydrogen and
halide, more preferably, they contain less than 75
atoms other than hydrogen and halide, and most
preferably, they contain less than 50 such atoms. This
count of atoms in the ethynyl compounds does not
include those atoms which are part of the anions
associated with said compounds.

Suitable combounds of formula I which have been
prepared include (1) (diphenylmethylphosphonium) (di-
phenylphosphino)ethyne methanesulfonate,
[Ph,(CH,)P®cZCPPh, ©0,SCH.]; (2) (diphenylmethylphos-

phoniﬁm)(aifluoréphosphino)ethyne methanesulfonate,

-

BUREAIf

0PI

4% WIFO V
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[th(CHs)PeCECPFz eozsCHSJ; (3) ((diethylmethylphos-
phonium)ethynyl )difluorophosphine trifluoromethanesul-

fonate, [(C_,H_) (CH3)PeC£CPF2 eO3SCF3]; (4) tris((di-

2572
phenylmethylphosphonium)ethynyl)phbsphine tris(methane-
7 T @ e )
sulfonate), [(Ph,(CH,)P C=C-).P ( 0,SCH;) . 1; and (5)
tris((diethylmethylphosphonium)ethynyl )phosphine
tris(methanesulfonate), [((CZHS)2
(SOSSCH3)3]. Other suitable compounds of the formula I

e~_.
(CHL)P~C=C-) P

containing ethynyl linkages between the heterocatom L

and the quaternized heteroatom 1t include (6) (2-(ferro-
cenyl)ethynyl) ( (para-methoxy-phenyl)ethynyl) (2-(tri-
ethylphosphonium)ethynyl)arsine tetrabutylboranate,

[(((CgHg)Fe(IT)(CZH,))C=C-) (p-

p®c=c-)as (n-C,H,),B°]; and

CH,O0(C_H -C=C-) ((C, Hy) 47974

6 4 2°5°3
(7) (2-(trimethylammonium)ethynyl) (ferrocenyl) (2-(tri-
phenylarsonium)ethynyl )phosphine 1,4-bis(tributylboran-

ate)butane,
[((CHS)SN%E c-)( (csns)Fe(c5H4))(Ph3@Asc =c-)P

((n-C H,) 1.

4973

Suitable non-salt ethynyl compounds included with

e
B CHZCHZ_)Z

the scope of formula II which have been prepared
include (8) (diphenyl) (ethynyl)phosphine, [PhZPCEE.CH];
(9) (diethyl) (ethynyl)phosphine, [(CZHS)ZPCEE CH];

(10) tris(2-(diphenylphosphino)ethynyl)phosphine,

[(thpczgcfdzpl; (11) tris(2-(diethylphos-
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phino)ethynyl)phosphine, [((C_H_)

oHs 2PC::C-)3P]; (12)

(diphenylphosphino) (dichlorophosphino)ethyne,
[PhZPCEE CPClZ]; (13) (diphenylphosphino) (difluorophos-

phino)ethyne, - [Ph, PC= CPFZJ; (14) (diethylphos-

2

S phino) (dichlorophosphino)ethyne, [(C H),

and (15) (diethylphosphino) (difluorophosphinoc)ethyne,

[(CZHS)Z

IT are (16) bis(2-(pentafluorophenyl)ethynyl)fluorophos-
pine, [((CSFS)CEE C—)ZPF]; (17) bis(2-(trifluoro-

Pcz—_cpc12];

PCEEECPFZ]. Other suitable compounds of formula

10

methyl)ethynyl)fluorocarsine, [(CF<ZEEC—)2ASF]; (18)

3
(2-(bis(tertiary-butyl)amino)ethynyl) (2-phenoxy-

ethyl)fluoroarsine, ‘

[(( ((CH3)3C)2N)C'._:-—'_ c-) (C6H500H20H2—)AsF] ;o (19)

(2-(pentafluorophenyl)ethynyl) (trifluoromethyl)fluoro-
15 phosphine, [(CF3)((C6F5)CEE(3;)PF]; (20) bis(ferro-

cenyl) (2-(pentafluorophenyl)ethynyl)arsine,
[((C H )Fe(C.H,)),((C FIC= C-)As]; (21) tris(2-(tri-

fluoromethyl)ethynyl)phosphine, [(CF3CEE'C—)3P];.and
(22) tris(2-(pentafluorophenyl)ethynyl)phosphine,

20 = _ '
[(C,FC= C-),P].

Another class of preferred ethynyl compounds are

compounds of the formula R;_beL-C crt (VII). In

this formula III, b represents an integer of 1 or 2.

Each R1 group is independently selected from the group

25 consisting of an R group and a group Q(J)a, wherein

each R group is independently selected from the group

consisting of alkyl, alkenyl, alkynyl, aryl, alkéxy-

B(}REJEU
CHi?
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alkyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl, ferro-
cenyl, and fluoro groups, wherein the aryl portions
thereof can be substituted with a halogen and the alkyl
portions-thereof can be substituted with a member
selected from halogen and hydroxy groups, provided that
the halogens on the alkyl groups are not in an -
alpha-position with respect to the L atoms unless they
are fluoro atoms. Each Q group is independently
selected from the group consisting of alkyl, alkenyl,
alkynyl, aryl, alkoxyalkyl, aryloxyalkyl, alkoxyaryl,
aryloxyaryl, and ferrocenyl, wherein the aryl portions
thereof can be substituted with a halogen and the alkyl
portions thereof can be substituted with a member
selected from halogen and hydroxy groups, wherein said
Q groups have a+l points of attachment to L atoms. The
symbol J is selected from the group consisting of LRZ,
LR-Q'-LR,, LR-Q'-LR-Q'LR,, L'R,, L*R,-Q'-L*R,,
L'R,-@'-LR,-q'-L7R,, LR-Q'-L*R, and L¥R,-Q'-LR, where-
in Ql is a member selected from the same group as for Q

except that said Ql groups have two points of attach-
ment to L atoms and wherein R is defined as herein-
above. These compounds include single or multiply
charged inorganic or organic, soluble anions having
charges sufficient to balance the charges from any

L" moieties on the compounds. Exemplary of suitable
compounds within this class are (23) Bis(2-(pentofluoro-
phenyl)ethynyl)fluorophospinc, [((CGFS)CEE:C—)ZPF]; (24)

Bis(2-(trifluoromethyl)ethynyl)fluoroarsine,
[(c1=3cz C—)zAsF]; (25) (2-(bis(tertiary-

butyl)amino)ethynyl) (2-phenoxyethyl)fluoroarsine,
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[(((CH3)3C)2N)C§ECLJ(C6H50CHZCH2—)ASF]; and (26)

(2-(pentafluorophenyl)ethynyl) (trifluoromethyl)fluoro-
phosphine, [(CF;)((C_F_)C== C-)PF].

Another aspect of the present invention relates to

5 a complex VIII comprising a Group VIB, VIIB, VIIIB or IB
transition metal in complex association with at least
one ligand selected from ethynyl compounds of the
formulas I, IT, and III, IV, V, VI and VII, wherein the
ethynyl compounds contain at least one non-quaternized )

1o L atom.

Transition metals for general use in the complexes

of formula VIII and the other transition metal
complexes described in further detail below include
mono-atomic and clusters comprising transition metal

15 atoms. The particular transition metal atom or cluster
chosen for use in any particular process depends upon
a number of factors, including the conditions of the
process being performed and the properties needed for
the complexes in the desired process, e.g., certain

20 transition metals are better for use as hydroformyla-
tion catalysts than as, say,:hydrogenation catalysts.
The terminology "transition metal cluster,™ as used
in this specification and the attached claims, is meant
to include metal clusters comprising at least one

25 transition metal atom covalently bonded to a member
selected from the group consisting of (1) at least one
transition metal atom, (2) a group covalently bonded to
at least one transition metal atom, which group renders
the transition metal atoms thereby joined electroni-

30 cally contiguous, and (3) combinations of (1) and (2)
above. Examples of such transition metal clusters

(enumerated without specifying the associated ligands
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thereto) include, e.g., Rus, Rh6, Fe3, C°6’ Moz, Rez,
Ptz, C°6’ and Rh4. Suitable atoms for covalently

bonding at least two transition metal atoms in the
clusters, which atoms render the transition metal atoms
thereby joined electronically continguous, include Sn,
N, P, H, C, and occasionally O or S.

Among the preferred ligands for use in the
complexes of the formula VIII are included the
preferred ethynyl compounds described in greater detail
above. Thus, exemplary of suitable complexes of formula
VIII which were synthesized, include (27) (tris((di-
phenylmethylphosphonium)ethynyl)phosphine)tetracar—
bonyliron(0) tris(methanesulfonate),

Q. __ e .
[((th(CHS)P C:C)sP)Fe(CO)4 (CH3803 )3], (28)

((diphenylmethylphosphonium)(diphenylphosphino)—
ethyne)tetracarbonyliron(0) methanesulfonate,

e
3

ethylmethylphosphonium)ethynyl)-phosphine)tetracarbonyl—
iron(0) tris(methanesulfonate),

[(th(CHz)P@C—E CPth)—Fe(CO)-‘; CH,S0.°1; (29) (tris((di-

@ — 9 .
[((CZHS)Z(CHS)P c_c-)s(rre(co)4 ( 0;SCH;) 1; (30)
bis(tris((diethylmethylphosphonium)ethynyl)phos-
phine) (acetylacetonato)-rhodium(I) hexakis (methanesul-~

@, —
fonate), [((CZHS)Z(CHS)P c= C)—SPRh—(CSH,?OZ)

(CH35039)6] ; (31) tetrakis(tris((diethylmethylphos—
pPhonium)ethynyl)phosphine)platinum(0) dodeca-

. D,
kis(methanesulfonate), [((CZHS)Z(CHS)p C,:;C—)SP)APt°

39)12]; (32) bis(tris((diethylmethylphos-

phonium)ethynyl)phosphine)dichloroplatinum(II)

(CHSSO

BUREZ D,
OL!PT -
%\wﬁir N
Eramisiil
o
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hexakis (methanesulfonate),

e . __ ey .
[((CZH5)2(CH3)P —C;=:C—)3P)2Pt012 (CH3803 )6], (33)

tris((diphenylmethylphosphonium)ethynyl)difluorophos-
phine)carbonylhydridorhodium(I) tris(methanesulfonate),

@, __ . . o )
[ (Ph,(CH,)P C = CPF,),Rh(CO)H (T0,SCH;).1; (34)

tris(((diphenylmethylphosphonium)ethynyl)(difluofophos—
phine)carbonylhydridoiridium(I) tris(methanesulfonate),

@ —_—= o .
[(th(CH3)P C_—-CPFZ)SII‘(CO)H ( O3SCH3)3], (35)

tris(((diethylmethylbhosphonium)ethynyl)difluorophos—
phine)carbonylhydridorhodium(I) tris(trifluoromethane-

sulfonate), [(C.H_) (CH3)p@c:—:—= C~PF ) ;Rh(CO)H

2572

(903SCF3)31; (36) (((diphenylmethylphosphoni-

um)ethynyl)difluorophosphine)tetracarbonyliron(0)

methanesulfonate, [(th(CHg)P-@C":E-':CPFZ)Fe(CO)4
gOgsCHSJ; (37) (((diethylmethylphosphonium)ethynyl)di-
fluorophosphine)tetracarbonyliron(0) trifluoromethane-

sulfonate, [(C2H5)2

(38) tris(tris((diphenylmethylphosphonium)ethynyl)phos-

@ e ,
(CH, )P C=== CPF,)Fe(C0), ~O,SCH,I;

phine)carbonylhydridorhodium(I) nonakis(methanesul-

0

3 )9];
and (39) (tris((diphenylmethylphosphonium)ethynyl)phos-

Q.
fonate), [((th(CHS)P CWC)-S.P)SRh(CO)H (CHSSO

phine)tetracarbonyliron(0) tris(methanesulfonate,

D e e
[((Czﬂs)z(CHs)P C.___.C—)3P)Fe(co)4 ( OSSCHS)S].
Other suitable complexes of formula VIII are (40)

bis(tris(2-(diphenylphosphino)ethynyl)phenylphosphoni-




WO 80/01689 ’ PCT/US80/00212

10

15

20

25

—14~

um)decacarbonylhexacobalt(0) 1,8-octanedisulfonate,

e -
2 2503 )2]’

bis((2-(bis(2-methoxyethyl )phosphino)ethynyl)bis(2-methoxy-

— @
[((thPC___C—)SP Ph)2C06(CO)10 (—CHZCH CHZCH (41)

ethyl)methylphosphonium) )tetracarbonylchromium(0)
oxalate,

—_— ~pn®
[ ((CH_,OCH_CH )2PC===CP (CHZCHZOCHs)z(CHS))ZCr‘(CO)4

3 2772
0204=]; (42) ((2-(pentafluorophenyl)ethynyl)difluoro-
arsine)hexakis(tertiary-butylisocyano)tetranickel(0),
[(C6F5CEEC—ASF2)N14(CNC(CH3)3)6]; (43) ((tertiary-
butyl) (2-(para-methoxyphenyl)ethynyl)fluorophos-
phine)nonacarbonyldirhenium(0), [(((CH3)3C)(p—CH30—
(06H4)CEEC—)PF)Re2(CO)9]; (44) (cyclopentadienyl)(dicar-
bonyl) (2-(bis(4-hydroxybutyl )methylphosphon-
ium)ethynyl)difluorophosphine)manganese(I) tetrakis(pen-
tafluorophenyl )boranate, [(CéHS)Mn(CO)z(PFz(—CEEC—

Pe(CHS)(CH CH,CH,CH,O0H))) (C.F.) B®1; (45) (cyclo-

2772772 6 5
pentadienyl) (carbonyl) (((trifluoromethyl)ethynyl)difluo-

4

rophosphine)bromoiron(II),

[ (C5Hg)FeBr(CO) (PF,(-C=C-CF;))]; and (46) bis(((ferro-
cenylethynyl) (2-(triethylphosphonium)ethynyl)fluorophos-
phine) (tri-n-butylphosphine) (triphenylarsine) (triethyl-
phosphite)octacarbonyltriruthenium(O) benzenephos-

phonate,
—-— [3:J—,
[(((((CSHS)Fe(II)(CSH4))C::C—)((CZH5)3P C=C-)PF) ((n-

C4H9)3P)(Ph3As)((CZHSO)sP)RuS(CO)S)Z Phpo3‘]
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Other suitable complexes of formula VIII are (40)
bis(tris(2-(diphenylphosphino)ethynyl )phenylphosphoni-
um)decacarbonylhexacobalt(0) 1,8-octanedisulfonate,
[((?hZPC._.C )3P Ph)2C06(CO)10 ( CHZCHZCHZCHZSOS )2];
(41) bis((2-(bis(2-methoxyethyl)phosphino)ethynyl)bis(2-
methoxyethyl )methylphosphonium))tetracarbonyl-

chromiuﬁ(o) oxalate, -

— @
[((CH3OCHZCH2)2PC'—‘CP (CH CHZOCHZ)Z(CHS))ZCP(CO)4

2

0204=]; (42) ((2-(pentafluorophenyl)ethynyl)difluoro- .

arsine)hexakis(tertiary-butylisocyano)tetranickel(0),
[(C6FSCEEC—ASF2)N14(CNC(CH3)3)6]; (43) ((tertiary-
butyl) (2-(para-methoxyphenyl)ethynyl)fluorophos—
phine)nonacarbonyldirhenium(0), [(((CHi)SC)(p—CHSO—
(C6H4)CEEC—)PF)Re2(CO)9]; (44) (cyclopentadienyl) (dicar-

bonyl) (2-(bis(4-hydroxybutyl)methylphosphon-
ium)ethynyl)difluorophosphine )manganese(I) tetrakis(pen-

tafluorophenyl)boranate, [ (CéHS )Mn ( CO)2 (PFOI( -C=C-

o+ o, _
P (CH3)(CH2CH2CH2CHZOH)2)) (C6F5)4B 1; (45) (cyclo

pentadienyl) (carbonyl) (((trifluoromethyl)ethynyl)difluo-

rophosphine)bromoiron(II), [(CSHS)EeBr(CO)(PFz(—Cszc—
CFSJ)]; and (46) bis(((ferrocenylethynyl)(2~(triethyl-

phosphonium)ethynyl)fluorophosphine) (tri-n-butylphos-
phine) (triphenylarsine) (triethylphosphite)octacarbonyl-

triruthenium(0) benzenephosphonate,

[(((((C.HIFe(II)(CH,))CZEC-) ((C, H) PPCEC-)PF) ((n-

C . H.) P)(PhSAs)((CZHSO)SP)§u3(00)8)2 PhP03=]

4°9°3
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These compounds and complexes of formulé I-VIIT
are useful as solvents and co-solvents and as catalysts
in catalytic conversion processes for the conversion of
hydrocarbons and carbon monoxide, to desired products,
e.g., hydrogenation using as reagents either hydrogen
or carbon monoxide and water, dehydrogenation,
hydrocarbonylation of olefin, hydrocarbon synthesis,
alcoﬁol synthesis, and water-gas disproportionation
catalysts (sometimes called water-gas shift. The choice
of the particular compound and/or complex depends
upon the process desired and the conditions of such
process under which it is to be run.

Another aspect of the invention involves ethenyl

+ 1 2
compounds of the formulas R, , L [CR™=CR ]c[—Q(—J)a]d IX
and

R, . LICR'=CR®]_,[-q¢J)_,T,, X
In the compounds of formulas IX and X, the symbols a,
b, ¢, 4, a', b', ¢', 4d', R, Q, and J are the same as
defined above for compounds 5f formulas I and II. The
symbol R1 in the compounds of formulas IX and X
represents a member selected from the group consisting
of R as defined above and the group Q(J)a as defined
above. The symbol R2 in the compounds of formulas

IX and X represents a member selected from the grdup of
R as defined above, J as defined above, Q(J)a as
defined above and F. The compounds of formulas IX and X
also contain single or multiply charged inorganic or
organic, soluble anions having charges sufficient to
balance the charges from any LT moieties on these

compounds.

SUREZ
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The preferred compounds of X are those in which L
is a phosphorous atom and/or at least one R group on
the L atom of formula X is a fluoro group. Exemplary of

the preferred ethenyl compounds of this class are of

the formulas R L%CR1=CR2L+R3)b, (XI) and

3-b'
2.+

Ry _pr L RS)b' (XII), wherein b' is an integer
1 2

of from 1 to 3 and Ry R7, R™, L and Q are as defined

P%CR1=CR

above. Another group of preferred compounds within this ,

class are those of the formulas FRz_b,L4(CRl=CR2—

PL(CRY=CRZ_QP™R_)

+
QP Ry) 2-b" 370

3°b!

wherein b' is an integer of from 1 to 2 and the other

(III) and FR (XIV),

symbols used therein have the definitions given above.
(47) (Diphenylphosphino-trans-ethenyl)diphenyl-
methylphosphonium methanesulfonate, [PhZP—t—

35036] was made and is representa-

CH=CH-"P (CH,)Ph, CH
tive of suitable compounds within this class. Other
suitable compounds of this class are (48) (Trans-2-(di-
ethylphosphino)propenyl)dietﬁylmethylphosphonium

(2-ethylhexyl)tri-secondary-butylboranate,

[E-((C.H_)

@
oHg P)(CHS)C=CHP (C.H.) (CHS)

27572

e v ) .
(S—C4H9)SB (CHZCH(CHZCH3)CHZCHZCHZCH3)]’ (49) ((Dpi

phenylarsino)-cis-ethenyl)diphenylbenzylarsonium

2

pentachlorobenzoate, [thAs—cis-CH=CH—Ase(CHZPh)th

o ClSCO ©31; and (50) (2-(dicyclohexylphosphino)-2-(di-

6 2

octylamino)ethenyl )triemethylammonium nonafluorobu-

. B o)
tanesulfonate, [((C—C6Hll)zp)((n‘C8H17)2N)C‘CHN+(CH3)3

n—C4F98036]; and other similar materials.
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The compounds of formulas IX and X can be used as
ligands in cbmplex association with a group VIB, VIIB,
VIIIB or IB transition metal atom to form complexes of
formula XI. In these complexes, at least one L atom in

5 the compounds of formulas IX and X is a non-quaternized
L. The preferred ethenyl-containing ligands for use in
these complexes have already been discussed above.
Again, the transition metal includes individual atoms
and clusters of transition métal atoms as defined

10 above. The ligand in the complexes of formula XV varies
depending upon the choice of the reaction, reaction
conditions, economics and other similar factors for
each instance of use.

(51) (Diphenylphosphino)-trans-ethenyl(diphenyl-
15 methylphosphonium)tetracarbonyliron(0), [PhZQP(CH3)—t—

[S]
CH=CH-PPh,)Fe(CO) 035CHz 1 yas prepared and is a

typical example of complexes of formula XV. Other
suitable members of this class include (52) bis((2,2-
bis(triethylphosphonium)ethenyl)diphenylarsine)dichloro-
20 palladium(II) bis(bis(1l,4-(tri-n-butylboranate)bu-
;3
tane)), [(((CZHS)SP )ZC-CH(ASth))deClz ((n-—

Y.1; (53) (((bis(ferrocenyl)phos-

e
C4H9)3B CHZCHZ— o

phino)-cis-ethenyl)tris(para-methoxyphenyl )phos-

phonium)pentacarbonyltungsten(0) trifluorocacetate,
®
25 [((p-CHLOC_H )P —t-CH=CH-P ((C_H,)Fe(II)(C_H.)),IW(CO)

CFSCOZGJ; and other similar materials.

In a similar manner for that discussed above with
the ethynyl-containing ligands and catalysts, the
present ethenyl-containing ligands and catalysts can be

z0 employed as solvents and catalysts in conversion

BUREAQ
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reactions for hydrocarbons and carbon monoxide,

hydrogenation using H_, or CO plus water, dehydrogena-

tion, hyd}ocarbonylation of olefins, hydrocarbon
synthesis, alcohol synthesis, or water-gas dispropor-
tionation. These ethenyl-containing ligands and
complexes are in most instances less preferred than the
ethynyl ligands and complexes discussed above since the
extent of conjugation or elegtronic contiguity or the
extent of the effects on the heteroatoms L through the
C2 moiety on the heteroatoms L by the quaternized LY
salts on the opposite end of the C2 moiety are

considerably less when the C_, moiety is and ethenyl

moiety, rather than an ethyn?l moiety. Moreover, the
conjugation is 2-dimensional for the ethenyl moiety,
while it is 3-dimensional for the ethynyl moiety.
Still another preferred embodiment of the
present invention relates to salt ligand complexes of ~
formula XVI comprising a group VIB, VIIB, VIIIB or IB
transition metal in complex association with a ligand

selected from compounds with structures with the formula

+ .
R, pL [-@EJ) 1 XVIT and

R,y LEQEI) 1y, XVIII

In the compound of formula XVII and XVIII, b is an

integer of from 1 to 4, while b' is an integer of from
1 to 3. The symbols a and a' represent integers of from
0 to 2. Each L is independently selected from the group
consisting of P, As, and N, J is selected from the

LR-QlLRz, LR—Ql—LR~QlLR
l—L+R2—Q1—L+R

group consisting of LR 9
L*R,, L'R_-Q*-L*R

27
+ 1 T+
30 21 7 L RZ—Q 3 LR-Q"~L R3

and L+R2—Q —LRZ. Each R group is independently selected

from.the.group consisting of alkyl, alkenyl, alkynyl,
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aryl, alkoxyalkyl, aryloxyalkyl, alkoxyaryl, aryloxy-
aryl, ferrocenyl, and fluoro groups, wherein the aryl
portions thereof can be substituted with a halogen and
the alkyl portions thereof can be substituted with a
member selected from halogen and hydroxy groups,
provided that said halogens on said alkyl groups are
not in an alpha-position with respect to said L

atom unless they are fluoro atoms. Each Q group is
independently selected from the group consisting of
alkyl, alkenvyl, alkynyl, aryl, alkoxyalkyl, aryloxy-
alkyl, alkoxyaryl, aryloxyaryl, and ferrocenyl, wherein
the aryl portions thereof can be substituted with a
halogen and the alkyl portions thereof can be substi-
tuted with a member selected from halogen and hydroxy
groups and wherein said Q groups have a+l points of
attachment to L atoms. Ql is a member selected from the
group as for Q except that said Q1 groups have two
points of attachment to L atoms. The compounds of
formulas XVII and XVIII also include single or multiply
charged inorganic or organic, soluble anions having
charges sufficient to balandé the charges from any Lt
moieties on the compounds.

In the compounds of formulas XVII and XVIII, L
preferably represents phosphorus, both in the L and Lt
moieties. The number of L” moieties in the compounds of
I and II is preferably a maximum of 3, more preferably
2 and most preferably 1. The total number of non-hydro-
gen and non-halide atoms in the compounds of formulas I
and II is preferably less than 200, more preferably
less than 150 and most preferably less than 75.

HULEA
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Suitable ligands of formulas XVII and XVIII which -
have been prepared include (54) (2-(diphenylphos-
phino)ethyl)diphenylmethylphosphonium methanesulfonate,

%) e . .

[pth (CH3)CH2CH2PPh2 0,SCH,]; (55) tris((diphenyl-

methylphosphonium)ethynyl)phosphine tris(methanesul-

Q... e i .
fgnate), [(th(CHS)P‘C-C%3P (to SCH3)3], (56) (2-(di-

3
phenylphosphino)ethynyl)diphgnylmethylphosphonium

methanesulfonate, [th(CHS)P@CECPth ©

0,SCH,]; (57)
(2-(diphenylphosphino)-trans-ethenyl)diphenylmethyl-

pﬁosphonium methanesulfonate, [thP;t—CH=CH—®P(CH3)Ph
e

2
OSSCH3]; (58) tris((diethylmethylphosphon-
ium)ethynyl)phosphine tris(methanesulfonate),

.~ e . .
[((C2H5)2(0H3)P c:c+3P (Yo SCHS)S], (59) ((difluoro-

-~

3
phosphino)ethynyl)diphenylmethylphosphonium.methanesul—
fonate, [Ph,(CH,)PPcZcPF, %0.SCH.]; (60) ((difluoro-

phosphino)ethynyl)diethylmethylphosphonium trifluoro-

. O e, .
methanesulfonate, [(C2H5)2(0H3)P C_C—PF2 CF3503 1;

(61) ((bis(2-cyanoethyl)phosphinoxy) (di-sec-butoxy)sili-
coxy) (tris(sec-butoxy)silicoxy) ((di-sec-butoxy) ((di-2-
cyanoethyl) (methyl)phosphoniumoxy)silicoxy)methylsilane
methanesulfonate, [(((NCCHZCHZ)ZP—O%(s—C4H90)251O)((s—

. @ . .
C4H90)351O)—((S—C4H90)2—((NCCHZCHZ)Z(CHS)P O)SlO)SlCH3
gO3SCH3]; (62) (2-(diphenylarsino)ethyl)diphenyl-
methylphosphonium methanesulfonate,
©

' ® ) .
2CHZP (CHS)Ph2 OSSCHSJ, (63) 1-(diphenylphos-

phino}1'-(diphenylmethylphosphonium)ferrocene (II)

[PhZAsCH
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(2]
methanesulfonate, [thP(CSH4)Fe(II)(C5H4)P (CHS)Ph2

gO3SCH3]; (64) tris(para-trimethylammoniumphenyl)phos-
phine tris(benzenesulfonate), [((CH3)3N@(p—C6H4))3P

(Phsosg) 1; (65) bis(para-trimethylammonium-

3
phenyl) (para-dimethylaminophenyl)phosphine bis(benzene-

(2]
sulfonate}, [((CHS)SN (p—CGH4))2((CH3)2N(p—CeH4))P

e

(PhSO3 ) (66) bis(para-diméthylaminophenyl) (para-

2;

trimethylammoniumphenyl)phosphine benzenesulfonate,

2] e
[[((CHZ) N(p-C.H,)),((CHy) N (p-C.H,))P (PhSO")1; (67)
(2-(diethylphosphino)ethyl)diethylmethylphosphonium

@
methanesulfonate, [(CZHS)ZPCHZCHZ P(CH3)(C2H5)2

CHSSOSQ]; (68) (2-(diethylphosphino)ethyl)benzyldi-

ethylphosphonium benzenesulfonate,
=]
]

[(C,H.) ; (69) bis(2-(di-

252
phenylphosphino)ethyl)methylphenylphosphonium methane-
e

)
PCHZCH2 P(CZHS)(CHZPh) PhSO3

@, .
sulfonate, [(PhZPCHZCHz)ZP (CH3)Ph CH,SO, 1; (70)

ﬁris(2—(diphenylphosphino)ethyl)methylphosphonium

<] (2]
methanesulfonate, [(thPCHZCH2)3P CH3 CH 803 1; (71)

3
tris-(2-(diethylphosphino)ethyl)methylphosphonium

. e
trifluoromethanesulfonate, [((CH3 2CH2)3P CH3
2]

CF,S0, 1;: (72) tris(2-(diphenylphosphino)ethyl) (3~

CHZ)ZPCH

methylbutyl)phosphonium methanesulfonate,

e e .
[(phZPCHZCHZ)SP CHZCHZCH(CH3)2 CH3503 1; (73) (2-(di-

phenylphosphino)ethyl )diphenylmethylphosphonium
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trifluoromethanesulfonate, [thPCHZCHZPQ(CHS)th

CFssOSG]; (74) (4-(diphenylphosphino)butyl)diphenyl-

methylphosphonium methanesulfonate,

' @ -)
[?hZPCHZCHZCHZCHZ P(C‘ZH,:S)Ph2 CH3503 ;
phenylphosphino)hexyl)diphenylmethylphosphonium

(75) (6-(di-

) (€] 2]
methanesulfonate, [PhZP(CHz)6 Pth CH3503 1; (786)

tris(2-(diphenylphosphino)ethyl) (3-methylbutyl )phos-

. X o}
phonium bromide, [(PhZPCHZCHz)SP (CHZCHZCH(CHs)z)

Brg]; (77) 2,2-bis((diphenylphosphino)-
methylene) (methyl) (diphenylmethylphospho-
nium)methylene )methane methanesulfonate,

@ . e..
[(PhZPCHZ)z(CH3)CCHZ P(CH,)Ph, CH,SO."]; and (78)

(2-(diphenylphosphino)ethyl) (diphenyl) (3-

methylbutyl)phosphonium formate,

e

5 1

[thPCH CH QP(CH

5CH, ZCHZCH(CHS)Z)PhZ HCO

These listed ligand materials are typical of the types
of ligands used in the formation of the new complex
compositions below. Other similar ligands can also be
employed in such complexes.

These ligands of formulas XVII and XVIII are
useful as solvents and cosolvents for various catalytic
conversion processes of hydrocarbons and carbon
monoxide. For example, they can be employed as solvents

in a catalytic conversion process comprising contacting
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a reactant selected from hydrocarbon, hydrocarbon
precursors, and mixtures of carbon oxides and water
with a catalyst so as tocatalytically convert the
reactant to the desired product. In such a process the

5 compound of formula XVII and/or XVIII may be used with
a cosolvent with which it is miscible, wherein the

" cosolvent preferably has a pH of greater than about
6.5. Preferably, the compound of formula XVII NS?0E
XVIII is the same as the ligand complexed with the

10 catalyst. Examples of such catalytic conversion
processes include hydrogenation, dehydrogenation,
hydrocarbon synthesis, hydrocarbonylation of olefins or
water—-gas disproportionation catalysis. In these
processes, a catalyst suitable to provide the desired

15 reaction is, of course, employed.

The transition metals of the complexes of formula
XVI include single transition metal atoms and clusters
thereof as discussed above. The choice of the transi-
tion metal, like the choice 6f ligand, is dependent

20 upon a number of factors including the properties of
the ligand attached to the transition metal, the
process in which the complex will be used and the
conditions of such process, and the costs of the
various ligands, metals, catalysts, solvents, etc.

25 Complexes of formula XVI which were prepared
include (79) Tris(2-(diphenylphosphino)ethyl)diphenyl-
methylphosphonium)carbonylhydridorhodium(I)
tris{methanesulfonate), [(PhPQ(CHS)CHZCHZPth)3Rh(CO)H

(®0,5CH,).1; (80) (Tris(2-(diphenylmethylphos-
30 phonium)ethynyl)phosphine)tetracarbonyliron(0)

tris(methanesulfonate), [(th(CHZ)P@CEC-}SP)Fe(CO)4

RUREAZ U
OMPI
WIPO
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(QOSSCHS)S)]; (81) (2-diphenylphosphinoethynyl)di-

phenylmethylphosphonium)tetracarbonyliron(0) methanesul-

Q. e .
fonate, [(th(CHZ)P C;CPPhZ)Fe(co)4 oSSCHS)], (82)

(Tris(2-(diethylmethylphosphonium)ethynyl)phos-

phine)tetracarbonyliron(0) tris(methanesulfonate),

(o I A e ;
[((CZHS)Z(CHS)P c:c;«zp)Fe(co)4 ( 0350H3)3)], (83)

Bis(tris(2-(diethylmethylphosphonium)ethynyl)phos—

phine) (acetylacetato)rhodium(I) hexakis(methanesul-

fonate),

[((C,H),

Tetrakis(tris(2-(diethylmethylphosphonium)ethynyl)phos-

o )
(CHS)P C:C%SP)Rh(C H_O )(CHZSO3 )

sH,0, 1; (84)

6

phine)platinum(0) dodecakis(methanesulfonate),

- e - ) )
[((C3Hg) ,(CH;)POCECH P) PE(0) (TO5SCHZ) ;15 (85)

Bis(tris(2—(diethylmeﬁhylphogphonium)ethynyl)phos—

phine)dichloroplatinum(II) hexakis(methanesulfonate),
o . (® .
[((CZHS)Z(CHS)P C—C-}SP)ZPtCI2 ( QSSCHZ)SJ’ (86)

Tris((2-(difluorophosphino)ethynyl)diphenylmethylphos-

phonium)carbonylhydridorhodium(I) tris(methanesul-

@ . e .
fonate), [(th(CHS)P C,CPFZ)th(CO)H ( 0350H3)3],
(87) Tris(2~-(difluorophosphino)ethynyl)diethylmethyl-

phosphonium)carbonylhydridorhodium(I) tris(trifluoro-

(ST
methanesulfonate), [(CZHS)Z(CHS)P C:C—PF2)3Rh(CO)H
(2]

(CF3503 )3]; (88) Tris(2-(difluorophosphino)ethynyl)di-

phenylmethylphosphonium)carbonylhydridoiridium(I)

tris(methanesulfonate), [(th(CHS)PQCECPFZ)Ir(CO)H




WO 80/01689 PCT/US80/00212

10

15

- 20

25

-26-—

(gossCHs)S)]; (89) Tris(((bis(2~-cyanoethyl)phos-

‘phinoxy) (di-sec-butoxy)silicoxy)-(tris(sec-butoxy)sili-

coxy) (((di-sec-butoxy) ( (bis(2-cyanoethyl) (methyl )phos-—
phoniumoxy)silicoxy)methylsilane)carbonylhydri-
dorhodium(I) tris(methanesulfonate),
[((((NCCHZCHZ)ZP—O—)(2—C4H90é3510—)
(S~C4HQO)2((NCCHZCHz)z(CHS)P O)SlO)SlCHS)SRh(CO)H

(QOSSCHS)S]; (90) Tris(2-(diphenylarsino)ethyl)di-

phenylmethylphosphonium)carbonylhydridorhodium(I)

tris(methanesulfonate),

9 e .
[ (Ph,AsCH,CH,P"(CH,)Ph,)Rh(CO)H (T0.SCH,).]; (91)

3
Tris(l-(diphenylphosphino)-1'-diphenylmethylphos-
phonium)ferrocene(II)carbonylhydridorhodium(I)

tris(methanesulfonate),
e
[(thP(CSH4)Fe(II)(CSHA)P (CHS)th)SRh(CO)H

(QOSSCH3)3]; (92) Tris(tris(para-(trimethylam-
monium)phenyl)phosphine)carbonylhydridorhodium(I)

nonakis (benzenesulfonate),

o

[(((CH3)3N@(p-CSH4))3P)3Rh(CO)H (Phso, ) 7. (93)

3

Tris(2-(diethylphosphino)ethyl)diethylmethylphos-—

phonium)carbonylhydridorhodium(I) tris(methanesul-
e

fonate), [((C2H5)2PCHZCH2 P(CH3)(CZH5)2)3Rh(CO)H

39)3]; (94) (Tris(2-(diphenylphos-—

phino)ethyl) (3-methylbutyl)phosphonium)carbonylhydrido-

(CH3SO

rhodium(I) methanesulfonate,

o o,.
[((cgz)ZCHCHZCHZ? (CHZCHZPth)S)Rh(CO)H CH.SO, 1; (95)

2, WIFO
P rr s mai ™
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Bis(tris(2-(diphenylphosphino)ethyl)methylphos-
phonium)octacarbonyldihydridohexarhodium bis(methanesul-

@ e .
fonate), [((thPCHZCHZ)SP CHL)Rhg (CO) gH, (CH,SO, P

(96) (Tris(2-(diphenylphosphino)ethyl)methylphos-
phonium)octacarbonylhydridorhodium methanesulfonate,

QCHS)RhA(CO)BH CH,50.°1; (97) (Tris(a-

[ (PhPCH 250+

2 2
(diphenylphosphino)ethyl)methylphosphonium)octacarbonyl-

CH2)3P

hydridoiridium methanesulfonate,

e 1) .
[((PhZPCHZCHZ)SP CHS)IF4(CO)8H CH3503 1; (98) (Tris-(2-

(diethylphosphino)ethyl)methylphosphonium)carbonyl-

hydridorhodium(I) trifluoromethanesulfonate,

o

o]
[((CHSCHZ)ZPCHZCHZ)SP CHS)Rh(CO)H CF3503 1; (99)

(Tris(2-(diethylphosphino)ethyl)methylphosphonium)nona-

carbdqyltetrarhodium(o) methanesulfonate,

(o} o,.
[(CHSP (CHZCHZP(C H ).) )Rh4f00)9 CH3503 1; (100)

27572

Tris(2-(diphenylphosphino)ethyl)diphenylmethylphos-

3

phonium)carbonylhydridoidridium(I) tris(methanesul-
, @ e .
fonate), [(thp,(CHZ)CHZCHZPPh2)31r(co)H ( OSSCHZ)S],

(101) Trans-bis((2-(diphenylphosphino)ethyl)diphenyl-
methylphosphonium)dichloroplatinum(II) bis(methanesul-

@ o .
fonate), [(t—thP (CHS)C_CHPPh2)2PtClz ( OzsCHS)z],

(102) Tetrakis(2-(diphenylphosphino)ethyl)diphenyl-
methylphosphonium)platinum(0) tetrakis(methanesul-

@ [o] g -
fonate), [(Ph,P" (CH;)CH,CH PPh,) Pt° ( 0,SCH;) ,1;

(103) Tetrakis((2-(diphenylphosphino)ethyl)diphenyl-

methylphosphonium)octacarbonyltetrairidium(0) tetra-

kis(methanesulfonate),

0
[(Ph.P+ 0
2 (CHS)CHZCH PPh2)41r4(00)8 (_O

2 3

SCH3)4]; (104)
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((2-(diphenylphosphino)ethyl)diphenylmethylphos-
phonium)tetracarbonyliron(0) methanesulfonate,

o) 12 .
[(pth (CH3)CHZCH2pph2)Fe(co)4 O3SCH3], (105)

Bis ((2-(diphenylphosphino)ethyl)diphenylmethylphos-
5 phonium)tricarbonyliron(0) bis(methanesulfonate),
: ® . ) ]
[ (Ph,P (CHS)CHZCHZPth)zFe(C?)z ( OSSCHs)Z], (106) |
Hexakis ( (2-(diphenylphosphino)ethyl)diphenylmethylphos-

phonium)hexacarbonyltriruthenium(0) hexakis(methanesul-

@ 0
fonate), [(PhZP (CH3)CHZCHZPPh2)6Ru3(CO)6 (CH3SOS—)6];
10 (107) Bis((2-(diphenylphosphino)ethyl)diphenylmethyl-

phosphonium)bis(acetylacetate)ruthenium(II) bis(methane-
12

sulfonate), [(thp (CH3)CHZCHZPth)zRu(CSHZOZ)2

(CH35039)2]; (108) Bis ((2-(diphenylphosphino)ethyl)di-

phenylmethylphosphonium)carbonyldichlororuthenium(II)

15 bis(methanesulfonate),
2 2}
[(Ph2P (CH3)CHZCHZPth)ZRu(CO)Cl2 ( O3SCH3)2], (109)
Bis(triphenylphosphine) ( (2-(diphenylphosphino)ethyl)di-
phenyl (3-methylbutyl)phosphonium)carbonylhydrido-
rhodium(I) formate,

@
20 [(ph3p)2(Ph2PCHZCH2 P(CHZCH2
o

HCO2 1; (110) Tris((2-(diphenylphosphino)ethyl) (di-

phenyl) (3-methylbutyl )phosphonium)carbonylhydrido-

CH(CH3)2)Ph2)Rh(CO)H

rhodium(I) tris(formate),

0
CH(CHB)Z)th)SRh(CQ)H (HCOZ—) ]

[ (Ph.PCH_CH.®p(cH_cH
2 272 z ;

22

25 and (111) Tris((2-(diphenylphosphino)ethyl) (di-
phenyl) (3-methylbutyl )phosphonium)carbonylhydrido-

rhodium(I) tribromide,
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cH_ ®p(cH_CH

[ (Ph,PCH,CH, )

CH(CH,),)Ph,) ,Rh(CO)H (Br ) .1,
The structures and compositions of the listed
complexes represent the wide variety of structures and
compositions which are suitable for inclusion in these

cémplexes, but other similar materials can also be
employed. The complexes of formula XVI are useful as
solvents and cosolvents, and as catalets in catalytic
conversion reactions of hydrocarbons and carbon
monoxide, such as hydrogenation using, as reagents, H2
or CO plus HZO, dehydrogenation, hydrocarbonylation of
olefins, hydrocarbon synthesis, alcohol synthesis

and/or water-gas shift disproportionation catalysis.
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Yet another aspect of the present invention
relates to novel compositions of matter (XIXI)
comprising surface tetravalent metal oxide selected
from the group consisting of Sioz, Tioz, Zroz, Hfoz,
Thoz, Geoz, SnO2 and mixtures thereof and with other
metal oxides, and attached to the surface of said
tetravalent metal oxide, a coordinating group of a
formula selected from —Lle(XX) and —Lle_b£Q%J)a]b
wherein the coordinating group is attached to the
tetravalent metal oxide through an oxide linkage. In
these new compositions of matter (XIX), each L1 atom
is selected from the group consisting of trivalent P
and As. The symbol a is an integer of from 1 to 2,
while b is an integer of from 1 to 2. Each R is indepen-
dently selected from the group consisting of alkyl,
alkenyl, alkynyl, aryl, alkoxyalkyl, aryvloxyalkyl,
alkoxy aryl, aryloxyaryl, ferrocenyl, and fluoro
groups, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions
thereof can be substituted with halogen groups,
provided that said halogens on said alkyl groups are
not in an alpha-position with respect to said L atom
unless they are fluoro atoms. The symbol Q is a member
selected from the group consisting of alkyl, alkenyl,
alkynyl, aryl, alkoxyalkyl, aryloxyalkyl, alkoxyaryl,
aryloxyaryl, and ferrocenyl, wherein the aryl portions
thereof can be substituted with a halogen and the alkyl
portions thereof can be substituted with halogen groups
and wherein said Q group has a+l points of attachment
to L atoms. The atoms J is selected from the group
LR—Ql—LRz, LR-QT-LR-Q LR L+R3,

consisting of LR 27

LR-Ql—L+R3 and

2i

+ 1 _+ + 1 .+ 1 .+
L R2-Q -L R3, L RZfQ -L RzﬁQ -L R3,
L+R2—Q1—Lh2, whefein Ql is a member selected from the
same group as Q except that said Ql groups have two

points of attachment to L atoms and L is a member
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independently selected from P, As and N. In these new
compositions, L is preferably phosphorous, and the
surface tetravalent metal oxide is preferably Sio

2

or TioO depending on the use to which the novel

)
5 composition of formula XIX will be put and the
conditions to which they will be subjected. The surface
tetravalent metal oxide can exist as a coating
on a substrate. The surface area of the surface
tetravalent metal oxide is preferably greater than 5
10 square meters per gram, more preferably greater than 50
square meters per gram and most preferably greater than
100 sgquare meters per gram. The average area occupied
by each equivalent of L atom should preferably be less
than 125 square angstroms per L atom, more preferably
15 less than 100 and most preferably less than 75 square
angstroms per equivalent of L atoms wherein the lower
limit is the area occupied by a single L atom with a
monolayer coverage. These last two statements are true
of all the surface tetravalent metal oxide compositions
20 included within the scope ofrthe present invention
discussed further below. The R groups on these
tetravalent metal oxide compositions and the other
‘tetravalent metal oxide ¢ompositions discussed further
below should be thermally stable, i.e., they should not
25 include any substituents which would render them
thermally unstable such as hydroxy groups because of
the methods of preparation of these compounds which
involve heating to 200°¢c. or higher.
Examples of exemplary compounds within this class
30 which were prepared include:
(112) titania-oxydiphenylphosphine,
[Tioz/Ti~O—Ph/2];
(113). n-titariia-oxydiphenylphosphine,
[n—TiOz/Ti—O—Ph/z]; and
35. (114) silica-oxydiphenylphosphine,
[si0,/S8i-0-Ph/,]
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Other suitable compounds within this class are (115)
Titania-oxy-bis(2-cyonoethyl)phosphine,
[Tioz/Ti—O—P(CHZCHZCN)z]; (116) Silica-oxy-
bis(2-cyanoethyl )phosphine, [Sioz/Si—O—P(CHZCHZCN)z];
(117) Titania-oxydiethylphosphine,
[TiOz/Ti—O—P(CHZCHZ)Z]; (118). Thoria-oxy-bis(2-phenyl-
ethynyl )phosphine, [ThOz/Th—O-P(CE;C-Ph)z]; (119)
Silica-oxy-bis(ferrocenyl)arsine,
[SiOz/Si—O~AS((C5H4)Fe(II)(C5H5))2];

(120) Zirconia-oxybenzylphenylphosphine,
[Zroz/Zr-O—P(Ph)(CHZPh)]; (121) Titania-oxydifluoro-
phosphine, [Tioz/Ti—O—PFz]; (122) n-titania-oxy-
(2-bis(diethylmethylphosphonium)ethynyl)phosphine ben-
zenephosphonate, [n—TiOz/Ti—O.-P(C'E:-:CPQ(CHS)(CZHS)Z)2
(PhPozz)]; (123) n-titania-oxydifluorophosphine,
[n—TiOz/Ti—OPFz]; (124) silica-oxytrifluoromethylfluoro-
phosphine, [SiOZ/Si—O—PF(CFS)]; (125) silica-titania
mixed oxide-oxypentafluorophenylfluoroarsine,

[sio —Tioz/"M"—O—AsF(CGFS)]; and (126) alumina-silica

2
mixed oxide-oxy(2-(tri-n-butyl)silyl)ethyl)fluoro-

phosphine, [A1203_ M Oz/Sl—O—PF(CHZCH251(n—CAHg)s]; and

other similar materials.

The Composition of XIX can be used to trapr metal,
especially transition metals, from liquid or gas
streams. They are also useful as intermediate or
catalyst precursors in the-production of metal

complexes as shown below.
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Still another aspect of the present invention
involves a complex (XX) of a group VIB, VIIB, VIIIB, or
IB transition metal in complex association with a
ligand of formula XIX as defined above. As with the
compounds of formula XIX described above, in the
present complexes, the metal oxide comprises a
semi-conductor or semi-conductor coated electrode.
Preferably, the semi-conductor or semi-conductor coated
electrode comprises an n-type TiOz.

These so0lid ligand materials have as supports
materials of low or high surface area in which the
surface is a tetravalent metal oxide. The bulk material
may or may not be the same material, it can be a metal
or a metal oxide or alloy or mixtures of metal oxides
which are coated with either the mixture or pure metal
oxides such as, titanium dioxide, silicon dioxide,
thoreum dioxide, zirconium dioxide, germanium dioxide
or hafnium dioxide. It is posgible to use tin dioxide
as well but this is less preferable. In addition, the
support material can be eithér a conductoeor, insulator
or semiconductor, and for some purpbses, it can be
partially reduced materials such as n-type titanium in
which some of the titanium is reduced to titanium Ti+3
to make the titanium dioxide into a semiconductor. The
three examples actually employed were silicon dioxide
or silica (Sioz), titanium dioxide or titania (Tioz),
and (n—TiOz) or semiconductor titania in which some
of the titanium has been reduced. In the discussions
and formulas that follow only the metal part of
the support such as titanium Ti or silicon Si will
be shown as the formula in showing thé reactions
with and structures with the materials on the surfaces.

The primary,lihkage which characterizes the
material is a structure with an M-0-L linkage. The L
atoms are specifically either phosphorus or arsenic in

their trivalent states and in which the other two
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substituents on the phosphorus or arsenic are organic
substituents, that is, they are bonded through a carbon
to the atom L. The primary group thus attached

on the support for the formation of such a ligand

can be diphenylphosphine-oxy group. Thus, preferred
ligand structures are Tioz/Ti/Ti—O-PRz, Sioz/Si-O—PR2

and n—Tin/Ti—O—PRz. )
These materials act as if there were phosphine
ligands even though they have an oxygen attached to the
phosphorus, making them somewhat like esters of
phosphonic acids. However, because there is a metal M
attached on the other side of the oxygen, they cannot
be called normal esters, nor can they be thought of as
ester type materials because they do not act like
phosphate materials in their reactions with metals and
the formation of catalysts. A useful way in which these
materials are very like phosphines rather than
phosphinic acid esters is that they can still form
salts such in a very similar manner to phosphonium
salts. In the salt preparatiéns they are reacted with
a quaternizing addition compound such as methylmethane
sulphonate, methyltrifluoromethanesulfonate, methylbro-
mide, methylbenzenesulfonate or other similar materials
form simple addition compounds to form a quaternized
phosphonium salt with the appropriate anion such
as methanesulfonate, bromide, benzenesulfonate,
triflouromethanesulfonate, etc. Furthermore, such
ligands and salts of such ligands do not decompose
in the same fashion that other organoxy-phosphorus
derivatives. This is because the rearrangements:
involving oxygen migration allowing the phos-
phorus/oxygen double bond linkages are essentially
blocked by the electron withdrawing nature of the
metals on the other side of the oxygen in the case of
the present types of ligands and salts. Thus, for all

intents and purposes, including naming purposes, it is
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quite appropriate to consider these materials as

pseudo-phosphines, pseudo-arsines, pseudo—-phosphonium

salts and pseudo arsonium salts. Within these mater-
ials, it is preferable to have the atom L be a
phosphorus, rather than arsenic.

The preferences expressed with respect to the
coﬁpound of formula XIX above includes some of the
preferred ligands for the complexes of formula XX.
Other preferred ligands for these compléexes include com-
pounds wherein at least one R group is a fluoro group.
In another preferred embodiment, the density of ligand
functions on the surface is such that the L atoms are
sufficiently close together on the surface to allow
ligand functions attached to the surface of the
tetravalent metal oxide to function as a chelating
ligand, wherein two or more L atoms can attach to a
given metal atom or cluster thereof.

Preferred metals for use in the complexes of
formula XX include ruthenium, rhodium, iron and
platinum. Transitipn metal ciusters as defined above
can also be employed. The preference for any of these
transition metals is dependent upon the use to which
the complex material is to be put. For instance, for
photo reactions using the complexes of formula XX, the
transition metal is most preferably ruthenium. A
preferred complex of this last class useful for photo
reactions is n—TiOzsupported bis(Titania-
oxydiphenylphosphine)bis(2,2'-bipyridine)dichloro-
ruthenium(II). This is a cationic material and will
change valence during the courses of such reactions
so for obvious reasoﬁs the appropriate anions are
necessary to counterbalance the charge. The associated
anions can and typically do change even during the
course of the reactions because of the change in
valence state of the transition metal.

Thus, in one application of the complexes of

formula XX, they can be used in a photoreaction process
BUREAU
- OMPI
4¢J_ﬁiﬁ5"
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comprising contacting the complex in thé.presence of
water with visible or ultraviolet light to thereby
decompose the water. Preferably, such a process is
conducted at a pH of between about 5 and about 95. The
preferred metal is ruthenium complexed by at least two
bipyridinic ligands and preferably complexed by a
chelating ligand attached to a semiconducting support.
The attachment is preferably by way of covalent
attachments or linkages which render the metal complex
electronically contiguous with the semiconductor
electrode. The said semiconductor electrode or
semiconductor coated conduéting electrode to which the
metal complex is linked is preferably connected to a
counterelectrode by way of an external circuit through
which an electrical load may be applied in order to
extract work from the catalyzed photoreaction of water.
Alternatively, the obverse situation may be utilized to
generate hydrogen, Hz, at an electrode by the photo-
reaction of water either directly or with the applica-
tion of a small bias voltage: In any case, the net
energy available and usable as hydrogen or electrical
energy is considerably larger than without such a

photoreaction.
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Suitable complexes of formula XX which were pre-
pared include (127) (Titania-oxydiphenylphos-
phine)iron(0)tetracarbonyl, [TiOz/Ti—O—(th)P—Fe(CO)4];

(128) Silica-bis(oxydiphenylphos-
phine)rhodium(I)acetylacetonate, [Sioz/(si—
O—(th)P)z—Rh(I)(C5H702)]; (129)Titania-bis(oxydi-

phenylphosphine)tetrarhodium(0)decacarbonyl,
[TiOz/(Ti—O—thP)z-Rh4(O)(CO)lO]; (130) Titania-bis(oxy-
diphenylphosphine)triruthenium(0)decacarbonyl,
[Tloz/(Tl—O-(Ph)zP)z—Rus(CO)10] (131) Titania-bis(oxydi-

phenylphosphine)dichloroplatinum (II),
[Tioz/(Ti—O—(th)P)z—cis-PtCIZ]; (132) Titania-(oxydi-

phenylphosphine)carbonylrhodium(I)acetylacetonate,
[TiOZ/Ti—O—(Ph)ZP—Rh(CO)(CSHZOZ)]; (133) Titania-(oxydi-
phenylphosphine)dicarbonyldichlororuthenium(II),

[Tloz/Tl-O—(Ph)zP—Ru(CO)2C12]; and (134)
n-titania-bis (oxydiphenylphosphine)bis (2,2 -bi-
pyridine)dichlororuthenium(II),
[n—Tloz/(Tl—O—(Ph)2P)2(H5NCS-CSNH5)2RuClz}.

Other suitable complexes within this class are (134)

Thoria-bis(oxy-bis(pentafluorophenyl)phosphine)tricar-

bonylhydridorhenium(I), [ThOz/(Th—O-

(FSC6)2P)2—Re(CO)3H]; (135) Zirconia-(oxybis(2-cyano-
methyl)phosphine)pentacarbonylmolybdenum(0),

[ZrOZ/Zr—O—(NCCHZCHZ)2P—M0(CO)5]; (136) Germanium- (oxy-—

diethylphosphine)copper(I) trifluoromethanesulfonate,

® o ] . .
[GeOz/Ge—O—(CzHS)ZP—Cu OSSCFSJ, (137 ) Titania-(oxy-

diferrocenylarsine)tricarbonylnickel(0), [TiOZ/Ti-O—

((CSHS)Fe(II)((C5H4))ZAs—Ni(CO)S]; (138)

Titania-bis(oxydifluorophosphine)tetradecacarbonylhexa-
rhodium(0), T102/(T1—O—PF3)2Rh6(CO)14]; (139)
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Titania-bis(oxy(bispentafluorophenyl)fluorophosphine)di-
carbonylnickel(0), [T102/(Ti—O—PF(C6F5)2)2N1(CO)2]; and

other similar materials.
The complexes of formula XX can also be used as

5 catalysts iﬁ conversion reactions of hydrocarbons and
carbon monoxide, e.g. in reactions such as hydrogena-
tion with hydrogen or CO plus water, dehydrogenation,
hydrocarbonylation of olefins, hydrocarbon synthesis,
alcohol synthesis, water-gas disproportionation or

10 photo reactions as discussed above, for example, photo
reactions of water, including photoelectrolysis of
water for the purpose of producing electrical energy or

the production of hydrogen, Hz.

Still another embodiment of the present invention
15 is directed to a composition of matter (XXI) comprising
surface tetravalent metal oxide selected from the group

Zro HfOz, ThOz, GeO Sno

consisting of 5102, TioO 27 2

2’ .2’
and mixtures thereof, said metal oxide having a salt
group bonded to said metal through an oxide linkage

20 wherein said salt group is a member selected from the

+.1

+.1
formulas -0-'L R3 (XXII) and -0-"L R3_b£Q4J)a]b

(XXIII). Each L atom is selected from the group
consisting of trivalent P and As. The symbol a is an
integer of from 1 to 2, while b is an integer of from 1
25 to 3. Each R is independently selected from the group
consisting of alkyl, alkenyl, alkynyl, aryl, alkoxy-
alkyl, aryloxyalkyl, alkoxy aryl, aryloxyaryl,
ferrocenyl, and fluoro groups, wherein the aryl
portions thereof can be substituted with a halogen and
30 the alkyl portions thereof can be substituted with
halogen groups, with the proviso that said halogens on
said alkyl groups are not in an alpha—position with

respect to said L atom unless they are fluoro atoms.

BUREAIJ
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The symbol Q is a member selected from the group
consisting of alkyl, alkenyl, alkynyl, afyl, alkoxy-
alkyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl, and
ferrocenyl, wherein the aryl portions thereof can be
substituted Qith a halogen and the alkyl portions
thereof can be substituted with halogen groups and
wherein said Q group has a+l points of attachment to L
atoms. The symbol J is.selected from the group

consisting of LR LR—Ql—LR LR-Q1~LR—Q1LR L+R3,

27

LR—Ql-L+R3 and

2’ 2’
L*R,~q"-L R, L'R,-Q*-L*R ~a -L*R,
L+R2—Q1—LR2, wherein Q is selected from the same group
as for Q except that said Ql groups contain two points
of attachment to the atoms, and wherein L is indepen-
dently selected from P, As and N. The compounds of
formula XXI also include single or multiply charged
inorganic or organic, soluble anions having charges
sufficient to balance the charges from any L" moieties.
In a preferred embodimen% of the compounds of
+.1

formula XXI the salt group is -0-"L R3. Another

preferred embodiment comprises a compound of XXI .

wherein the +Ll

moiety attached to the metal oxide
through the oxide linkage contains at least one, more
preferably two, and most preferably three aryl groups,
preferably phenyl groups. Another preferred group of
compounds of formula XXI are those in which a methyl or
ethyl group attached to the +Ll,bonded to the metal
oxide through the oxide linkage.

The discussion above with respect to the concentra-
tion of L atoms of the metal oxide surface likewise
applies here. This concentration is greater than 0.2 of
a milliequivalents per gram when the titania has a
surfaqe area of 123 square meters per gram. That
concehtraﬁion is-barely sufficient for chelation.
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The anions associated with these compounds of

formula XXI can be essentially any anion balancing the
charges of the L+ moieties. Unreactive anions, i.e.,
anions that are not strongly oxidizing or reducing; are
most preferable. In some instances, such as when the
materials are to be used as intermediates for subse-
quént exchange of anions for another use, it is
preferred to have small, relatively polar anions such
as chloride, bromide, sulfate, methanesulfonate, BF4—,

SbF6— and other similar anions.

The solid materials of the type in which there is
an M-O-L type bond attaching the "phosphine" can be
quaternized as mentioned previously by reaction with
quaternizing addition compounds. Such quaternizing
addition compounds cannot be acids; they must be ester
or halide materials of the sorts that are used
to make conventional quaternized salt compounds.
Typical examples of quaternizing addition compounds
include methyl methanesulfonate, methyl trifluoro-
methanesulfonate, methylbenzénesulfonate, methyl
bromide, benzyl bromide, benzyl methanesulfonate,
benzyl benzenesulfonate, butyl methanesulfonate, etc.
Such quaternizations are accomplished just as if the
material being quaternized were a true phosphine rather
than the pseudo-phosphine or pseudo-arsine type

materials which are actually being quaternized. Thus,

in this instance the oxygen moiety on the phos-

phorus are oxygen need not be considered different than
the substituents in which carbon is attached directly
to the phosphorus or arsenic. These quaternized solid
materials then become very much equivalent to the other
organic and inorganic ion exchange materials in which
the solid material has large numbers of quater-

nary salt functionalities allowing anions to be

SURLEL
QnPI
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exchanged at_will. The best quaternization agents
typically are those which are very reactive and form
very stable quaternary salts. Thus, the methyl
and phenyl derivatives are particularly useful in this
regard. Other reagents that are particularly useful for
quaternizing the pseudo-phosphines and pseu&o—arsines
inélude the oxonium and sulfonium salts. Thus,
trimethyloxonium and triethylbxonium tetrafluoroborate,
triphenyloxonium fluoroborate, trimethylsulphonium and
triphenylsulphonium chlorides are all useful in this
regard. In fact, the oxonium and sulfonium salts were
the reagents of choice used in the preparation of these
species of formula XXI.

Suitable compounds of formula XXI, which were
synthesized, include (140) Silica-oxytriphenylphos-—
phonium tetrafluoroborate, [Sioz/Si—O-—PQﬂ3 eBF4];

(141) Silica-oxydiphenylmethylphosphonium tetrafluoro-

. . ® © .
)borate, [8102/51—0—P ¢2(CH3) BF4], (141a)

~Silica-oxydiphenylethylphosphonium tetrafluoroborate,

. . ® e ) ’
[SlOz/Sl-O—P ¢2(c2H5) BF4], (142)
Titania-oxytriphenylphosphonium tetrafluoroborate,
Tioz/Ti—O—Peﬂ3 eBF4]; (143) n-Titania-oxytriphenyl-

phosphonium chloride, [n-TiOz/Ti-O-—ePﬁ3 eCl]; and (144)

_Titania-oxydiphenylmethylphosphonium methanesulfonate,

[TiOz/Ti-O—ePﬁz(CHs)CHssOse]. Other suitable compounds
within this class are (145) Silica-oxydiphenylmethyl-

phosphonium methanesulfonate

gO3SCH3]; (146) Titania-oxydi-

benzy}phehylarsonium tetrafluoroborate,

e

[Tioz/Ti-O—As@(CHZPh)zPh BF4]; (147) Thoria-bis(oxy-

Eri-n-butylphosphonium) sulfate,
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@ , 84,
[ThOz/(Th—O— P(n—C4Hg)3)2 so4 1;

methylphosphonium triethyl-2-ethylhexylboranate,

(148) silica-oxytri-

. . ®
[SlOz/Sl—O- P(CH3)3 _
e X
(C2H5)3B (CHZCH(CHZCH3)CHZCHZCHZCHS)], (149)
Zirconia-oxytriphenylphosphonium hexafluoroantimonate,

[ZrOZ/Zr—O—QPPh3 eSbFs]; (150) n-Titania-oxybenzyldi-

phenylphosphonium bromide, [n—TiOz/Ti—O—QP(PhZ)(CHzPh)

Brg]; (151) Titania-bis(oxy(bis(2-chloroethyl)phos-
phonium)-M -(para-xylylene) bis(tetrabromoaluminate),

. ) ®
[Ti0,/(Ti-0-(CICH,CH,) P ), (~CH,-p~(CH, )~

CHz-)(_AlBr4)2)]; and other similar materials.

The compounds of the formula XXI are useful as ion
exchange materials for cleaning of liquid streams,
recovery of anionic materials from liquid streams, and
ion exchangeable supports for -exchangeable ligand
materials and catalysts made from such materials as
discussed below. )

The compounds of the formula XXI above are useful
in essentially similar, but oppositely changed roles
and uses to the cation exchangeable solid materials
discussed above. Thus, these materials can be the
preferred choices for many uses in which the cation
exchangeable materials are unsuitable or in which less

than optimal performance or stability is obtained.
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The present invention also involves ion-
exchanged ligand compositions in which an anion
of formulas x‘QLR; (XXII) or R:

3
onto a solid cationic support comprising a composition

B-QLR% is ion-exchanged

of formula XXI as defined above. In formula XXII,

each Rl group independently represents a memﬁer
selected from an R group and a group Q(J)a, wherein
said R group is selected from alkyl, alkenyl, alkynyl,
aryl, alkoxyalkyl, aryloxyalkyl, alkoxy aryl, arylox-
varyl, ferrocenyl, and fluoro groups, wherein the

aryl portions thereof can be substituted with a
halogen and the alkyl portions thereof can be sub-
stituted with a member selected from halogen and
hydroxy groups, provided that said halogens on said
alkyl groups are not in an alpha position with respect
to said L atom unless they are fluoro atoms. The

symbol Q is a member selected from the group ¢onsisting
of alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl, aryl-
oxyalkyl, alkoxyaryl, aryloxyaryl, and ferrocenyl,
wherein the aryl portions thereof can be substituted
with a halogen and the alkyl ‘portions thereof can

be substituted with a member-selected from halogen

and hydroxy groups, wherein said Q group has a+l

points of attachment to L atoms, and wherein said

Q group can be substituted with -X groups, said
X and R being as defined above. The symbol J is
5+ LRQLR
and LRQLRQLRZ, wherein L, Q@ and R are as defined

selected from the group consisting of LR 2
above.

In the foranate anions of the formula
XXIII, X is a member selected from -Co;, —so;,
—sog, —POE, and —RPOE. Each R1 group independently
represents a member selected from an R group and

a group Ql(Jz)a, wherein said R and a symbols being
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as defined in the formula of XXII. The symbol Q2 represents
a group Q as defined above except that Q2 can be sub-

stituted with -X  or -A R,
as defined above. The symbol J2 represents a member

groups, wherein X, A, and R are

selected from the group consisting of LRz, LRQlLR2 and
LRQLRQLR,, wherein L, Qz and R are as defined above for
formula XXII. Preferably, L represents phosphorus in the
foranate anionic quaternary salt ligands of formula XXIII.
Also, X is preferably selected from the group consisting.
of Co; and SOE. These quaternary anionic salt ligand

can also be supported by deposition onto a solid Lewis acid
27 Tioz, A1203, mixtures, etc.

These ion-exchanged ligand compositions of
formulas XXII and XXIII can be and were formed by con-
ventional ion-exchange techniques. Moreover, they can form
complexes with transition metal atoms of Groups V1B, VIIB,

VIIIB and IB. These ion-exchange ligand compositions have

support such as SiO

been found to be suitable for use in various catalytic
conversion processes, and particularly in catalytic
conversions of hydrocarbons and carbon monoxide, especially
those employing a mixture of .carbon monoxide and water.
They are particularly useful "in those situations where
there is a desirability to attach the ligand functional
group L to the anion moiety rather than to the cationic
moiety. '

Suitable complexes for these catalytic reactions,
which have been prepared, include (152) titania-tris-
(oxy(triphenylphosphonium)) tris(4-(diphenylphosphino)-
butanesulfonate)carbonylhydridorhodium(I),
[Ti0,/(Ti-0-P®Ph,), (Ph,PCH,CH,CH,CH,S0,®) ,Rh(CO)H];

(153) silica-oxy({triphenylphosphonium) ((2-(di-n-butylphos-
phino)ethyl)-para-benzoate)tetracarbonyliron(0},
[Sioz/Si-o—Peph3 (eOZC(p—C6H4)CH2CH2P(n—C4Hg)z)Fe(CO)4];
(154) n—titania—bis(oxy)(mgthyldiphenylphosphonium))
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bis(4-(diphenylphosphino)butanesulfonate)bis(acetylace—
tate)ruthenium(II) mixed with (1:1)n-titania-bis(oxy(methyl-
diphenylphosphonium)) bis(4-(diphenylphosphino)butanesulfon-
ate)dicarbonylnickel(0), and (155) n-titania/-

. @ e .
5 (Ti-0-P (CH3)Ph2)2 (7SCH,CH CHZCH Pth)le(CO)z.

272 2
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Still another aspect of the present invention
involves silicate cluster compositions of matter of

the formula

-Rg

9 { :
R M-0 4 L'R [Q(J)_1, o XXIV

é9
In this formula, the symbol a is an integer of from
0 to 2, while b is an integer of from O to 2. Each
L is selected from the group consisting of
trivalent P and As. Each R group is independently
selected from the group consisting of alkyl,
alkenyl, alkynyl, aryl, alkoxyalkyl, aryloxyalkyl,
alkoxyaryl, aryloxyaryl, ferrocenyl, and fluoro
groups, provided that (1) the aryl portions of said
R group can be substituted with a halogen and the
alkyl portions of said R group can be substituted
with a member selected from halogen and hydroxy
groups, (2) said halogens on said alkyl groups
are not in an alpha-position @ith respect to said L
atom unless they are fluoro atoms; and (3) the
fluoro groups are not attached directly to the M
atom. Each Q group is independently selected from
the group consisting of alkyl, alkenyl, alkynyl,
aryl, alkoxyalkyl, aryloxyalkyl, alkoxyaryl,
aryloxyaryl, and ferrocenyl, wherein the aryl
portions thereof can be substituted with a halogen
and the alkyl portions thereof can be substituted
with a member selected from halogen and hydroxy
groups. The symbol J is selected from the group

consisting of LR LR—Ql—LRz, LR—Ql—LR—QlLRz, L*R,,

27
+ 1 _+ + 1 _+ 1 _+ 1 .+
L Rz—Q -L 'R L RZ_Q ~-L R2~Q -L R3, LR-Q-L R3 and

wherein Q1 is a member selected from

39
+ 1 -
L RZ-Q —LRZ,

the same group as Q except that said Ql groups have
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fwo points of attachment to L atoms, and wherein L

is selected from P, A, and N. M is a member

selected from the group consisting of Si, Ti and

mixtures thereof. Rg is a member selected from the
5 group consisting of an R group, an OR group, a

group Q(J)a, a group OQ(J)a, and an

g10 )
1
1O 4 M-0
1]
Rlo m

group wherein Rlo is a member selected from R, OR,
Q(J)a and OQ(J)a, wherein R, Q, J and a are as

10 defined above for formula XXIV, and wherein m is an
integer of from 0O to about 200. These compounds
also include single or multiply charged inorganic
or organic, soluble anions having charges suffici-
ent to balance any charges from LT moieties

15 contained in the compounds. )

In these compounds M prgferably comprises Si. In one
preferred group of compounds within this class M comprises

Si and Rg comprises

R m

20 wherein m is an integer of from 1 to 5. Another group of
preferred compounds within this class include those in

which at least one R9 comprises

RlO
7

Rlo M-0O

Rlo ‘m
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wherein m is independently chosen for each R9 as an integer
from 1 to 5. In this last group of compounds, each of the
Rg and Rlo preferably independentiy are selected from R
and/or OR groups. Still another preferred group of com-
pounds within this class are those in which L comprises
trivalent P, while another group of preferred compounds are
thése in which the L'group comprises trivalent phosphorus
and the J group comprises a Qhatarenized Lt group. In ‘
general, the silicate cluster compounds of formula XXIV
preferably contain less than 250 non-hydrogen and non-
halide atoms, more preferably they contain less than 150
such atoms, and most preferably they contain less than 100
of such atoms.

With the silicate cluster ligands and for that matter
to a somewhat lesser extent with all the ligands discussed
in the present application, the proper choice of ligands
for a desired catalyst and catalyst application includes
consideration of the steric bulk of the ligand which might
be used. It should be pointed out that the silicone or
titanium "cluster" type materials discussed above are among
the exceptionally bulky ligands, especially when the total
number of non-hydrogen and non-halide atoms is in the upper
portion of the range discussed above, and also in instances
when m in the range of from 3, 4, 5 and likewise when the
various R groups (such as R, Rl, Rz, R9 groups etc. are
bulky groups.

The compounds of formula XXIV can be prepared by a nov-
el process in accordance with the present invention. In
this novel process an addition reaction is performed be-
tween a compound selected from RzP—PRZ, RZPOH, RZPH and
R2PH on the one hand, and a material having M-0-C or M-0-M
bonds on the other. The materials containing M-0-M bonds
also 4include the.surface tetravalent metal oxides discussed
above. This reaction is conducted at a temperature suffi-

cient to cause the desired reaction between said compounds
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and said material to thereby férm the compound of
formula XXIV, wherein the R groups are as defined
above, provided that the R groups are stable at the
reaction temperature. For example, the R groups cannot
contain alkyl hydroxyl groups. It should be noted that
the compounds of the formulas RZP—OH and RZPH are in
equilibrium with each other, the equilibrium depending
upon the temperature of the reaction and the nature of
the R substituents. Typically, the temperature of this
preparation reaction is in the range of from 200 to
400°C, depending upon the nature of the R substituents
and the nature of the substrate material having M-0-C
or M-0-M bonds. In this reaction, the preferred
M atoms are silicone or titanium, although where the
starting material is a solid metal oxide surface, the
metals can also be hathium, zirconium, thorium,
germanium, and sometimes tin. The conditions of this
reaction also depend upon how_ thoroughly the solid
metal oxide surface is dried and calcined, also upon
the surface area of the metai oxide and upon the phase
or physical structure of the metal oxide reactant, that
is, on the extent of surface defects which are the most
reactive sites.

Suitable compounds of formula XXIV which have been
prepared include (153) bis(tri-sec-butoxysilic-
oxy) ( (diphenylphosphinoxy)di-sec-butoxysilicoxy)methyl-

silane [((s-C Hy-0+,5i0),51i(CH,)40-Si-

4

'%O—s—C4H9)2é0~PPh2)); (154) bis(tri-sec-butoxysilic-

oxy) (bis(2-cyanoethyl)phosphinoxydi-sec- butoxysilic-
oxy)methylsilane [((s—C4H9—O%381-O%251(CHs)%O—

Si4O~S-C4H9)Z(QO—P(CHZCHZCN)Z))]; (155) bis(bis(2-
cyanogthyl)phosphinoxydi—sec—butoxysilicoxy)(tri—sec—
butoxy silicoxy)methylsilane
[((NCCHZCHZ)ZP—O—)(S—CAHQ—O—)251—O—)2((S—

C4H9—O—)SSi—O%SiCH3]; and (156) (bis(2-cyanoethyl )phos-
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phinoxydi-sec-butoxysilicoxy) ((bis(2-cyanoethyl)methyl-
oxyphosphonium)di-sec-butoxysilicoxy) (tri-sec-butoxy-

silicoxy)methylsilane methanesulfonate

(CH3)P@—O—Si%O—S—C4H9)2—04Si(CH3)(O—

e

[((NCCHZCHZ)Z

Si%O—s—C4Hg)2(O—P(CHZCHZCH)Z)) OzsCHS].

Other suitable compounds within this class are

(157) (tributylsilicoxy)diphenylphosphine,
[(n—04H9)351—o—PPh2]; (158) (bis

(3—(trimethylammonium)butyl)(bis(2—methoxyethyl)silic-
oxy) (bis(4-hydroxybutyl)phosphine)
(4-sulfonato-n-butyl) (tri-n-butyl) boranate,

® .
[ ((CH,N CH(CH)CH,CH,Si(CH,OCH,CH,)0-P(CH,CH,CH,CH,0H) _

) e ) .
5 OSCH,CH,CH,CH,B" (n-C,Hg) 1; (159) (2-((trimethyl-
silicoxy) fluoro-phosphino)ethynyl)triphenylarsonium
hexafluorosilicate, [((CHS)zsiO—PF(—C C—ASQPhS))2

SiFse]; (160) tris(trifluoromethylsilicoxy)phosphine,
[((CF.).Si0-),P]; (161) tris(tris(2,4,6-
trimethylphenoxy)silicoxytitanoxymethylfluorophosphine,
[((214)6_

(CHS)S(C6H2)—O—)SSi—O—)zTi—O—PF(CHS)]; and similar

materials.
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Another aspect of the present invention comprises
the use of the compounds of formula XXIV as ligands in
complexes of formula XXV of Group VIB, VIIB, VIIIB, or
IB transition metals. Agaiﬂ, the metals used in these
complexes include the individual transition metals and
transition metal clusters as discussed above. The
preferred ligands for use in these complexes include
the preferred coﬁpounds of formula XXIV as discussed
above. Considerable numbers of complexes of formula
XXIV have been prepared. Other suitable complexes of
formula XXV are (164)
tris((tributylsilicoxy)diphenylphosphine)carbonyl-
hydridorhodium(I), [((n~CAH9)SSi—O—PPh2)3Rh(CO)H]; (165)

tris(((trihexylsilicoxy)-2-ethyl)((dimethyl)silicoxy)di-

phenylphosphine)carbonylhydridorhodium(I), [((n—Cele)gsi—

O—Si(CH3)2-O—PPh2)Rh(CO)H]; (166) tris(((tributylsilicoxy)-

2—ethy1)((dibutyl)silicoxy)diphenylphosphine)carbonyl—
hydridoiridium(I), [((n—CAHg)351—O—Si(n—C4Hg)2—O—
Pth)Ir(CO)H]; (167) trimethylsilyloxy(pentadeca(dimethyl-
silicoxy))diphenylphosphine)tricarbonylnickel(0); (168)
[((CHy),5i-(0-51(CH,))-0-PPh,)Ni(CO),1; (169)
tris((tris(phenoxy)titanium)oxy-bis(ferrocenyl)arsine)nona-
carbonyltetrarhodium(0) [((Ph—O-)3Ti-O—
As((CSH4)Fe(II)(C5H5))2)3Rh4(CO)9]; (170) (((tri-n-butyl-
phosphoniumoxy) (diphenoxy)silicoxy) (di-para-methoxyphenoxy-
titanoxy) (diphenoxysilicoxy)dibutylphosphine) (tri-n-butyl-
phosphine)bis(acetylacetato)ruthenium(II) triethyl-2-ethyl-

e .
hexylboranate, [((n'C4H9)3p —O—Sl(Ph—O—)z—O—

Ti(CH3O(p—06H4)—o—)Z—O-Si(Ph-o—)z—o-P(n—c H,),) ((n-

4°9°2
e -
C4H9)3P)Ru(C5H702)2 (C2H5)3B (CH CH(CZHS)CH CH_,CH CHS)]’

2 22772
(171) tris(((1-((2-(tri-n-butylsilyl)ethyl) (p-tolyl)phos-

phino)-1 =-ferrocényl)methynyl) (dimethylsilicoxytriethylphos-
phonium) (dimethylsilicoxy)diphenylphosphine)carboxylhydrido-
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rhodium(I) tetrachloroaluminate, [((((n'C4H9)3SiCHZCH2)(p'

. (2]
CH306H4)P)((C5H4)Fe(II)(C5H4))CH(S:L(CH3)20-— P(C2H5)3)—

. e . . _ .
(Sl(CHS)ZOPth))3Rh(CO)H AlCl4],‘(172) tris((2-(tri-n
pentylsilyl)ethyl) (ferrocenyl) (para-tolyl)phosphine)car-

bonylhydridorhodium(1I), [(((nchHll)sschZCHé)((C5H5Fe(II)-

(C5H4))(CHS(p—C6H4))P)SRh(CO)H]; and similar @aterials.
The compounds of formula XXIV and the transition metal
complexes of formula XXV as described above can be used as
solvents and cosolvents, and as catalysts in conversion
reactions of hydrocarbons and carbon monoxide, such as

hydrogenation with H_, or with carbon monoxide and water,

dehydrogenation, hydiocarbonylation of olefins, hydrocarbon
synthesis, alcohol synthesis and water-gas disproportion-
ation. Because of the bulkiness of the ligands in the com-
plexes of formula XXV, fewer of the ligands fit around the
transition metal atom or cluster thereof which is to be
used as a catalyst, thus allo&ing coordination positions

on the transition metal atom pr cluster to be available

for reactions with substrates and reagents. Alternatively,
such bulky ligands arrange themselves on opposite sides

of the transition metal atom or cluster thereof due to
their large size, thus allowing different coordination
positions to be open for reaction with substrate and
reagent materials than with less bulky ligands or chelating
ligands. Another alternative way in which the bulky ligands
of complexes of formula XXV affect the structures of the
catalyst materials and therefore the reactions in which
they are used is that such bulky ligands, particularly when
two or moré of such ligands are present on the metal or
cluster of metals, often modify the coordination geometry
of the ligands on the complex because of the rearrangements
of thé liéands within the coordination sphere caused by

their bulkiness. Examples of this change in coordination
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geometfy include changes from octahedral to tetragonal
bipyramidal, square planar to tetragonal square, and
pyramidal to trigonal bipyramidal. Bulky ligands such as
the compound of formula XXIV would typically occupy the
axial positions in trigonal biprymidal and tetragonal
bipyramidal coordination geometries, whereas less bulky
ligands would occupy'or could occupy the equatorial posi-
tions either solely or as well as the axial positions in
such coordination geometries. Likewise, lowest chelating
ligands would occupy solely equatorial positions or equa-
torial positions in combination with axial positions, but

in almost no case could it occupy both axial positions.

//, . WIzO |
2y prionts
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A cobalt reaction product catalyst mixture (XXVII)
comprises another embodiment of the present invention.
This reaction product catalyst mixture comprises cobalt
metal, ligand, in the presence of'H2 and CO at a
temperature and pressure sufficient to obtain a catalyst
capable of catalyzing a hydrocarbonylation reaction,
wherein said ligand comprises a compound of the formula
RS—bL'$b (XXVI). In the ligand compounds of XXVI, L' is
selected from the group consisting of trivalent P and
As. Each R is independently selected from the group
consisting of alkyl, alkenyl, alkynyl, aryl, alkoxy-
alkyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl, and
ferrocenyl groups, wherein the aryl portions thereof can
be substituted with a halogen and the alkyl portions
thereof can be substituted with a member selected from
halogen and hydroxy groups, with the proviso that said
halogens on said alkyl groups are not in an alpha-
position with respect to said-L atom unless they are
fluoro atoms. Each $ group is independently selected
from the group consisting of F and -CECRl, wherein Rl is
selected from the group consisting of R, L+R3, Q1L+R3,
L'R,Q'L7R,, LR,Q'L*R,Q'LTR,, wherein R is defined as
and Ql is selected from a group consisting of alkyl,
alkenyl, alkynyl, aryl, alkoxyalkyl, aryloxyalkyl,
alkoxyaryl, aryloxyaryl and ferrocenyl, wherein the aryl
portions thereof can be substituted with a halogen and
the alkyl portions thereof can be substituted with a
member selected from halogen and hydroxy groups. The
symbol b in formula XXVI is an integer of from 1 to 3.

The ligands of formula XXVI as defined abcve can
also be used in another embodiment of the invention
comprising a complex (XXVIII) containing a transition
metal selected from the group consisting of chromium,

molybedenum, tungsten, manganese, rhenium, iron,

PCT/US80/00212
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ruthernium, osmium, nickel palladium, platinum, copper,
silver and gold and mixtures of such metals along with
the ligand of the formula XXVI.
These same ligands of formula XXVI can also be used
5 1in another embodiment of the present invention compri-
sing a complex XXIX containing transition metal selected
from Rh+l and Ir+1 along with at least one ligand having
the formula XXVI as defined above. The Rh+1 and,Ir+l
transition metals in these complexes can be present
10 either alone or in combination with rhodium or iridium
atoms of other wvalencies or for that matter with
other transition metals of varying valencies and other
non-transition metals such as in transition metal atom
clusters as defined above. In the complexes of formula
15 XXVI, the transition metal preferably comprises Rh+1 or
Rh in combination with other rhodium atoms in metal
clusters containing 4 or 6 rhodium atoms. The tetra-
rhodium cluster is particularly preferred.
In the complexes of formulas XXVII, XXVIII, and
20 XXIX, the preferred ligands are selected independently
from the group consisting of the compounds of formula
XXVI in which there is only one non-quaternized L atom, -
compounds of the formula XXVI. containing only one

non-quaternized L atom and compounds of the formula
1

25 RS—bLF wherein b is an integer of 1, 2 or 3; L is
selected from the group consisting of P and As; Rl is
selected from the group consisting of R, LR Q1L+R

L+R2Q1L+R3, L+R2Q1L+R2Q1L+R3, wherein R is szlected gr‘om
the group consisting of alkyl, alkenyl, aryl, alkoxy-

30 alkyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl, and
ferrocenyl groups, wherein the aryl portions thereof can
be substituted with a halogen and the alkyl portions
thereof can be substituted with a member selected from

halogen and hydroxy groups, with the proviso that said
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halogens on said alkyl groups are not in an alpha-

position with respect to said L atom unless they are
fluoro atoms and wherein Ql is selected from a group
consisting of alkyl, alkenyl, alkynyl, aryl, alkoxy-

5 alkyl, aryloxyalkyl,alkoxyaryl, aryloxyaryl and
ferrocenyl, wherein the aryl portions thereof can be
substituted with a halogen aqd the alkyl portions
thereof can be substituted with a member selected from

halogen and and hydroxy groups.
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Suitable complexes of formulas XXVIIT and XXIX,
which were prepared, include:
(173) bis(bis(ferrocenyl)fluorophosphine)tricarbonyl—’
ion(0),
5 _ [(((CSHS)Fe(Q5H4))ZPF)ZFe(CO)S];
(174) ((2-difluorophos§hino)ethynyl)diphenylmethyl—
phosphonium)tetracarbonyliron(O)methanesulfonate,
(I ) 4.
[(ﬂ(CHS)P c__cPFz)Fe(co;4 CHS0, 1;
(175) ((2—(difluorophosphino)ethynyl)diethylmethyl—
10 phosphonium)tetracarbonyliron(O)trifluoromethane—
sulfonate,
S e-.
[((CZHS)Z(CHS)P C=CPF,)Fe(CO), (F,CS0,"1;
(1786) bis(pentaf1uorophenyldifluorophosphine)dicarbonyl—
nickel (0),
15 [((C6F5)PF2)2N1(co)é];
(177) tris(di—tertiary—butylfluorophosphine)tricarbonyl—
molybdenm,
[(((CH3)3C)2PF)3MO(CO)3]; and
(178) tris(pentaphenylethynyldifluorophosphine)monb—

20 carbonyl triruthenium(0),

[(CGFsczchsz)SRu3(Co)9].
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The present invention also includes an anion
quaternary salt ligands of the formula RéB—QLRé XXXIT
and Group VIB, VIIB, VIIIB and IB transition metal
complexes thereof, wherein each L atom is selected from
the group consisting of trivalent P, As and N; each R
is'independently selected from the group consisting of
alkyl, alkenyl, alkynyl, aryI, alkoxyalkyl,
aryloxyalkyl, alkoxy aryl, aryloxyaryl, ferrocenyl, and
fluoro groups, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions
thereof can be substituted with a member selected from
halogen and hydroxy groups, with the proviso that said
halogens on said alkyl groups are not in an alpha
position with respect to said L atom unless they are
fluoro atoms; Q is a member selected from the group
consisting of alkyl, alkenyl, alkynyl, aryl, alkoxy-
alkyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl, and ferro-
cenyl, wherein the aryl portions thereof can be
substituted with a halogen aﬁd the alkyl portions
thereof can be substituted with a member selected from

halogen and hydroxy groups and wherein said Q group has

a+l points of attachment to L atoms; J is selected from
the group consisting of LR LR~ Ql LRZ’ LR—QI-LR-QILR
L+R3, LR, -ql-r* Ry, L'R —-Q% LR, —Ql-u* R, LR-—Ql—L+R3

and L R Ql-LR2 whereln Ql is selected from the same
group es for Q except that Ql groups have two points of

27

attachment to L atoms; and single or multiply charged
inorganic or organic, non-solid anions of J having
charges sufficient to balance the charges from

the L7 moieties X is a member selected from —COz—,
—SOS—, —SOZ-, ~PO§, and —RPOZ—; each‘Rl group
independently represents a member selected from an R

SUREAT
__OMPI

2 T WIFO
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group and a group Ql(Jz)a, wherein said R is as defined
above; and a is an integer of from 1 to 2; Qz
represents a group Q as defined above except that Qz .
can be substituted with -X or -A_R3 groups, wherein X,
A, and R are as defined above; and J2 represents a '
member selected from.the group consisting of LRz,
LRQlLR2 and LRQLRQLRé, wherein L, Q2 and R are as
defined above.

Examples of suitable ligands of formula XXXII,

which were prepared, include

tetramethylammonium A-(diphenylphosphino)butane-

sulfonate,

[(CH,) n® ®o_scu_cH_cH._cH P@_.1; and the analogous
374 3 2 227772772

sodium salt thereof;

tetramethylammonium (2-(di-n-butylphosphino)ethyl)-

para-benzoate,

[(CH3)4N@ (n-C_ Hg) ,PCH,CH, (p-C_H yco8l; and the
analdogous sodium 2aft t%ereof; an

tetramethylammonium (4-(diethylphosphino)butyl)triethyl-

boranate,

® 2]
[(CH3)4N (Csz)zB CHZCH2CH2CH2P(H—C4H9)

analogous lithium salt thereof.

2], and the

BEST MODE OF CARRYING OUT THE INVENTION
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The preparation of all the salt ligands within the
present invention were done by techniques well-known in
the art, with minor modifications to suit the particu-
lar solubilities, volatilities and stoichiometries
involved. Specifically, the salts were made by
contacting the "ligand" material tobe quaternized with
a quaternizing addition compound such as methylmethan-
sulfonate, dimethylsulfate, methylburylnide, methyl-
benzenesulfonate, trimethyloxoniumfluoroburate,
triphenyloxoniumfluoroburate, triethyloxoniumfluoro-
burate, triphenylsulfoniumchloride, octylbromide,
2-exylhexylbromide, methyliodide and other similar
sorts of compounds with the appropriate structure for
the desired added materials to form the quaternary
phosphoniumarsonium, etc. compound. Such materials were
added under conditions of very high dilution reaction
which is a well-known art and evolving somewhat over
the past century. The quaternizing addition compound
was added in appropriate stoichiometric amount to turn
part or a fraction of the ligand moieties of an
otherwise chelating ligand iﬁto a partial salt ligand
compound. This means that, for example, one of two
phosphine functionalities in an otherwise diphosphine
chelating ligand is turned into a phosphonium salt
leaving the other one present as the free phosphine
still usable as a ligand moiety.

Most of the quaternizing addition compounds and
most of the chelating ligands which were starting
materials to form the salt ligands were obtained
directly from commercial sources. Others were made by
very standard techniques from precursors which were
available. In such a situation, small amounts of )
non-salt chelating ligands were present in the reaction
product mixture. These di-salt non-ligand materials are
present due to the inevitable statistical distributions
except that the reactions being run in very high

dilution and with such other precautions helped to
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minimize the undesired reaction products. Normal
recrystalization techniques were followed wherein
typically between four and six recrystallizations were
sufficient to purify the salt ligand compounds. The
elemental analyses and other analyses showed these
materials and others to be pure enough within experi-
mental error to be usable for the formation of pure
metal complexes for use as catalysts Other proofs:of
structure which were obtalned on selected examples
amidst the wide variety of salt ligand materials formed
were acid titrations of the amount of remaining ligand
and infrared data confirmation of structures. Very
detailed information was obtained on the purity of the
materials by such means, and whether or not the
functional groups were present, etc. In all cases
in which materials were made, they were purified and
accepted as the desired materials only after elemental
analysis, for all the elements obtainable, e.g., oxygen
is not available, were within experimental error of the
calculated theoretical composition.

A typical reaction to produce a partial salt
ligand, is the reaction of bis(diphenylphosphino)ethane
or diphos in an 0.25 mole quantity dissolved in 2.5
liters of purified toluene in a 5 liter flask in which
the solvent was refluxing at approximately 112° to
115°C under an N2 atmosphere. High-speed stirring was
used. An 0.25 mole quantity of methyl methanesulfonate
was dissolved in 1 liter of purified toluene and the
solution was added drop-wise over six days at the rate
of one drop per 5 seconds, with an extra 2% days of
refluxing-after the final addition to make sure that
the reaction was complete. The work-up of the material

which typically coated the sides of the flask was quite

' standard -and was- done in a manner to prevent contamina-

tion by Hzo, air, etc. After dissolution and recrystali-
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zation four times, the reaction gave 0.20 moles of the
product (2-(diphenylphosphino)ethyl)methyldiphenyl-
phosphonium methanesulfonate.

Obviously, this preparation is a typical simple
addition reaction run at a high dilution to form the
quaternary salt. This type of reaction was basi-
cally a production-s;ale run on a high dilution system.
This type of reaction was done many many times to make
the various partial saltrmatérials used as salt ligands
herein. The preparations of the non-ligand salt
solvents were even easier and still very conventional.
They involved the complete quaternization of the ligand
functionalities by the use of the stiochiometric plus
ten percent amounts of quaternizing addition reagents.
The starting ligands weremgygggﬁ;;ygggiywsingle
ligands, although a few chelating materials were
converted to polyquaternary salts. The other difference
in the reactions was that high dilution conditions were
not necessary and the apparatus was thus much simpler.

The fluorophosphine ligands typically were made,
likewise, by a conventional substitution reaction in
which fluoride was substituted for chloride on the
ligand material or precursor. Chlorine-containing
materials, that is, dichlorophosphines and chloro-
organic phosphines were obtained commercially or were
made from readily available starting materials in
conventional manner. Substitution of fluorine for
chlorine again was a typical substitution reaction in
which the chloro-organophosphine was passed across a
fluorine salt, potassiumflouorosulfite, a common
fluorine éxchange medium, at high temperatures,
typically between 100° and 200°C., depending on the
volitility of the compound in question and its
reactivity. The fluorine pfoduct materials were

much more volatile and were removed by distillation
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from the insoluble and non-volatile potassium chloride.
The volatile 502 byproduct was easily seéarable from
the organofluorophosphine during distillation.
Distillation and recrystalization were used for
purifications depending upon the volatility of the
materials. Elemental analyses again were used as
primary proof of structure, in combination with
sequential reactions and elemental analyses of the
subsequent reaction products as well.

The acetylenic phosphines were made by simply
taking the sodium acetylide salts formed by reaction of
commercially -available acetylenes with sodamide
with byproduct ammonia eliminated. The sodium acetylide
was then reacted with the phosphorus halides to make
the appropriate phosphine precursors which was then
used to make the quaternized salt in the manner
described above. These materials as well, like all of
the others, were submitted for elemental analy-
sis after purification for proof of structure.

Elemental analysis on all available elements,
especially metals. phosphorous, carbon, hydrogen,
nitrogen, arsenic, were performed on all of the metal .
complexes and agreed with an experimental error with
the calculated théoretical élemental compositions.
Consequently, since the materials were simply substitu-
tion Eeactions and very little could happen which was
unexpected in such simple substitution reactions where
a ligand is substituted for, in general, carbon
monoxide. This was considered quite sufficient proof
of structure for the metal complexes. In addition, on a
selected number of materials, infrared analysis were
used to confirm many portions of the structures which
were susceptible to Ir or infrared analytical tech-
niques. In particuiar, carbonyl stretching frequencies
and similar such peaks were confirmed in the appro-

priate regions for a significant number of the metal
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complexes which were synthesized. The results of the
many tests of hydrogenation using hydrogen as a reagent
were uniformally excellent and essentially complete
during the running of the wide variety of metal

5 complexes. A selected number of some 25 approximate
metal catalyst systems were tested for their hydrogena-
tion capabilities in the test of hydrogenation of
psyclohexine with thé metal catalyst chosen from all of
the major groupings of catalyst synthesized hererin,

10 and the results were uniformly good with hydrogenation
at the standard conditions at room temperature and 50
PSig hydrogen pressure in dimethylether for 1 hour. In
all cases, 97 to 100% cyclohexane product as shown by
the GC. Typically 3 cycles were run in each test in

15 order to provide evidence that the catalyst was not

being irresversably changed duringithe'course of
such reaction.
Dehydrogenation reactions were typically run on

the same catalyst as the hydqogenation reactions and

20 the conditions shown above were the dihydrogenation
tests. In all all of these céses, absolutely all of
these cases, the amount of benzene formed at 50 pounds
pressure of inert gas nitrogen simply by contacting the
1,4-cyclohexadiene with catalyst quantities of about

25 .01 to .02 mmoles per 5 grams of substrate cyclohexa-
dienes. In the pooresf case, the amount of benzene
yield was over 98%. Likewise, 3 cycles typically showed
the same thing and even in those cases where it was as
low as 98.93% in the first cycle, it got better to the

30 point where after on the third cycle it was 100.0%.
Thus, it is fairly obvious that this broad range
of catalysts all have very good dihydrogenation
capability, just as they all have broadly hydrogenation
'capapility. )
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The formation of the metal complexes from the
metal salts or other metal complexes is also quite
straight-forward and well-known in the art. Simple
exchange reactions, particularly when a volatile ligand
is involved, such as carbon monoxide, which it almost
is in this sort of reaction since the starting material
metal complexes are 0 valent or low valent metal salts
in almost all circumstances. This means that simply the
stoichiometrically desired aﬁount of ligand or ligands
is added to the mixture in a solvent which is typically
toluene, ethyl alcohol, tetrahydrofuoran, dimethyl
ether or mixtures thereof. The materials were heated
until the carbon monoxide was driven off and the
material reached equilibfium, typically done at solvent
reflux or slightly above, or if the solvent, like
dimethylether boils very low, the reaction is done in
an autoclave and heated up to 80° to 100°C. The
other solvents typically reflux between 60° and 110°C.
Reactions are very mild for these conversions. In some
cases, in order to preserve the identity of the
catalyst or convert to the appropriate material}
synthesis gas in 1:1 ratio, that is, hydrogén and
carbon monoxide in 1:1 ratio was typically applied as
an atmosphere at approximately 250 to 300 psig in order
to help convert the appropriate materials to their
carbonylhydrides. Syngas pressure was applied in
essentially all the cases with cobalt, rhodium, and
iridium during the formation of the catalysts.

The other metals did not need such application, and

‘such complex preparations were made in an inert

atmosphere N, rather than under syngas atmosphere.

2

A catalyst which was useful in hydrocarbonylation,
hydrogenation, dehydrogenation, alcohol and hydrocarbon-
synthesis and water-gas shift was made using

ha(CH3COz)4 as the rhodium starting material and the
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ligands (2-(diphenylphosphino)ethyl)methyldiphenyl-
phosphonium methanesulfonate. Stoichiometric amounts of
3 equivalents of the ligand with 1 equivalent of
rhodium were used to make the product which had a
general fofmula of L3Rh(CO)H. In this case, 13.6 mmoles
of the ligand were reacted with 2.3 mmoles of the di-
rhodium specie or 4.55 mmoles of rhodium metal with a
result that after reérystalization three times to
purify the product, 3.4 mmoles of product was obtained.
The reaction was run under carbon monoxide H2 syngas
pressure of 304 psig with syngas in 1:1 ratio with THF
solvent under ‘nitrogen in a Teflon-lined autoclave at.
80°c. for 17 hours. After distilling off the solvent,
all the work-up and recrystalizations were also done
under nitrogen. This typical method is known in the art
for the preparation of this type of metal complex.
Likewise, the other metal complexes in the present
invention were prepared by similar well-known tech-
niques in the art with minor modifications depending on
the metals and the ligands. .

Hydrogenation tests in &hich H2 hydrogen was the
reducing agent were done in the Teflon-lined autoclave
at 50 psig hydrogen pressure using cyclohexene as the
substrate. The solvent was 200 milliliters of dimethyl
ether and 5.0 grams of cyclohexene feed was treated in
the autoclave using 0.1 millimoles of catalyst, either
in slurry form if the catalfst was a solid or in
solution if it were a soluble catalyst. The reaction -
was run at 25°C ambient temperature and with a time per
cycle of one hour. At the end of a cycle the ether and
the ether solvent and the hydrocarbon product and
starting materials were distilled off; the ether frac-
tionated away from the resulting materials which were
then injected into a GC and analyzed for cyclohexane
percentage relative to cyclohexene starting material.
The catalyst remained in the autoclave reactor vessel
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to which was then added an additional aliquot of
solvent and an additional aliquot of feed material the
cyclohexene for another cycle. Typically three cycles
were run in each test in order to determine whether the
catalyst was being irreversably changed during the
course of such reactions. In a small proportion of
cases the solvent was changed as noted.

The dehydrogenation test cases were run in a
manner very similar to the hydrogenation test cases.
However, the feed material was 1,4-cyclohexadiene and

the gas above the solution was nitrogen N, pressurized

to 50 psig in order to keep the low boiliig solvent
dimethylether as a liquid. One hour cycles were again
used and 5 gfam aliquots of feed as well. The reéctions
were run at 25°C and the pressure within the reactor
was allowed to increase as it would with the evolution
of the hydrogen. Work-up of the reaction products was
identical and the GC results were used to determine
percentage of benzene relative to other cyclohexane,
cyclohexene, cyclohexadiene products. Again the amount
of catalyst used was in the7101 to .02 millimole range
and typically three cycles were run in order to
determine whether any irre&ersable damage .or changes
were occurriﬁg to the catalysts or catalyst mixture. In
every case most of the reaction for the dehydrogena-
tion evidently occurred almost immediately upon
addition of the feed substrate material to the reaction
mixture. The reaction was so fast that it could be
watched in terms of the rise of pressure immediately
upon addition of the cyclohexadiene. This despite the
fact that the reaction was basically endothermic and a'

decrease in temperature was occurring simultaneously

with the production..of.-.hydrogen.
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The testing for the reduction using carbon
monoxide and water was typically done in a completely
different mode. Specifically again, it was done in this
500 cc capacity Teflon-lined autoclave, but if the
solvent was then 1 to 1 by volume, dimethyl ether to
water, 200 milliliters total, reaction was done at 80°C
and under a CO pressure of 355 psig. Again, the same
quantity of catalyst 'was used; same catalyst range of
.01 to .02 millimoles of catalyst and 5 gram charges of
cyclohexene were used as the substrate. The cycle
lengths were 23 hrs. long unless otherwise noted. In
these reactions typically only part of- the cyclohexene
was reduced, somewhere around 50% under the reaction
conditions and in addition a certain amount of
cyclohexane aldehyde was formed as an oxynation
product. Typically the oxynation product was in the 2
or 3% range. Such catalysts, because there was water
present and so forth, were also tested for hydrogena-

tion using H, for comparison and were also checked for

water gas sh?ft reaction and dehydrogenation also.

The conditions under Which the cobalt oxynation
reactions or cobalt hydrocarbonylation reactions were
run are considerably modified from the conditions under
which actual commercial units run, partially due to the
limitations of the apparatus and partially due to the
fact that the reactions were run in a Teflon-lined auto-
clave which had certain constraints on pressure and
temperature. Thus, the hydrocarbonylation reactions
were run under much milder conditions than the
hydrocarbonylation reactions are run in normal
commercial cobalt catalyzed systems. But because the
reactions were run under very mild conditions where
hardly any reaction occurs with plain cobalt catalysts
as is shown in Table 1 it tended to point out the
improvements quite readily that certain of the
phosphine ligand addition materials can do in order to
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promote the reaction at mildgr conditions, that is
lower temperatures and lower pressures than commercial
units at. And furthermore because these reactions were
run under such mild conditions where very little of the
starting material olefin was reacted the overall differ-
ences in normal to iso aldehydes yields also are
indicative 6f what would happen under the much more
sévere conditions unéer which commercial units would '
run. Thus, it should be noted that the results reported
herein are all internally consistent and comparable to
one another. Those materials which work better at lower
conditions would also work better at the higher
conditions but are that much better and more useful and
desirable in that respect also. Thus, when hydro-
carbonylation tests were done using no additional
phosphine, essentially no reaction was accomplished
over the course of the normal run, and after one hour
at 225°% only 4/10% of the propylene had rea&ted. Still
at 225°C the addition of triphenylphosphine gave
essentially the same results, whereas lowering the
temperature to 165°C and adding tributyl phosphine
allowed the reaction to go to the level of .85% of the

propylene beingﬁpﬁggted in thgrgame time span. With

phenyldifluorophosphine as the addition material, 9.4%
of the propylene starting material reacted and with
diphenylfluoro phosphine, 5.08% of the propylene
reacted; and finally with the difluorophosphinodiethyl-
methylphosphonium trifluoromethanesulfonate phosphine
being used, 10.11% of the propylene had reacted in

one run at 165°C and 23.63% of the propylene had
reacted in another cycle at 200°C. Thus, quite clearly,
the more of the fluorines or pseudo-fluorines that are

on the phosphine that is used as the ligand, the better

- the catalyst in terms of the rate of catalysis.

Thus, these materials make the reaction go at less
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trismethanesulfonate which obviously was changed during
the course of the reaction, because the resulting
catalyst which was removed from the reactor showed,
by Ir analysis, a platinum-carbonyl bonding. The

5 reaction was done in a dimethylether-water solvent 1:1
by volume of 200ml of salt-solvent at 80°c. in the
Teflon-lined autoclave with stirring, and with 2% hour
cycles. The catalyst_was dissolved in the solvent and
work-up was by distillation éf the solvent and product

10 from the catalyst and analysis tests by GC. In the
first cycle of such a test, there was 49.2% cyclohexane
and 46.8% remaining starting material cyclohexene, with
4% other materials primarily cyclohexanealdehyde. The
second cycle yielded 54.9% cyclohexane with corres-

15 pondingly lower amounts of the other two paterials,
and the third cycle produced 55.1% cyclohexane with
correspondingly lower amounts of the other materials.
So obviously the catalyst was improving in its
efficiéncy over the course of the reaction for the

20 reduction of cyclohexene to cyclohexane. Its activity
was quite evident even though the reaction was
considerably slower than a hydrogenation using hydrogen
itself. The infrared analysis of the catalyst showed
that the carbon carbon triple bonds still existed after

25 such a reaction so that the platinum was not hydro-
genating its own ligands. At higher temperature in the

fourth cycle at 120°c. 92.2% cyclohexane was obtained.
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severe conditions. Furthermore, the improvement in
normal to iso ratio of product butraldehydes improves
in the same direction with a similar correlation: the
more fluoro or pseudo-fluoro substituents on the
phosphine, the higher the normal to iso ratio.

The testing for water gas shift typically was done
in a similar sort of system to that for testing with
CO/water reduction of olefins where some gas was
pressured into the reactor at approx. 355 psig at 80°c
using a solvent in a 1 to 1 ratio of 200 milli-
liters split between dimethylether and water. Again,
0.1 to 0.2 millimoles of catalyst were used and the
cycle lengths were not of concern because samples of
gas werertaken in a flow through system after specific
times. The reactions were done at atmospheric pressure
and 100°C as well at the temperature of boiling water
and samples were taken at specific times for GC
analysis and mass spec analysis. Typical times taken
for samples were at the start of the reaction essential-
1y 0 minutes, generally approximately 30 minute time
and at an hour and two hours and an overnight sample,

typically on the order of 16 to 17 hours after the

start of the run in order to determine whether there

was any catalyst degradation during the period of time
or improvement.

The testing for hydrogenation of olefins using
water and carbon monoxide was done on relatively few
catalysts because of the demonstrable ubiquity of
hydrogenation capability as demonstrated by the
hydrogenation catalysis results and dehydrogenation
catalysis results as feported above. In a typical

reaction, .05mmoles catalysts which was, for example, a

bis ligand platinum dichloride. The ligand was

tris((diethylmethylphosphonium)ethynylphosphine)
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A large number of tests were made for testing hydro-
formylation of olefins, particularly of propene with the
improved yields of the desired normal butraldehyde and
minimizing the amount of iso butyraldehyde. Likewise,
the goal of runing such hydroformylation reactions at
less severe conditions, that is at lower temperatures
and pressures and higher feed rates of syngas and
propylene feed materials was also realized. Advantage
was taken of the zero volatility of the salt ligands and
of the resulting complexes and salt solvents. Continuous
hydroformylation reaction process which was demonstrated
in outline, at least, because all products were
distilled from the reaction mixture solvent-catalyst
mixture before analysis. This test is_typical of a
continuous reaction run batchwise, the only way possible
in this laboratory to approximate continuous commercial
processing. The catalyst and solvent systems stayed in
situ unless the light ethers were used as solvents. In
such hydrocarbonylation reactions run as described
above, the typical results of the hydroformylation tests
were than. Thus, a representative test was made using
the catalyst tris(2-(diethylmethylphosphonium) ethyl)
(diethylphosphino) (methylsulfonate) rhodiumhydridocar-
bonyl in.diethyl ether solvent.

The first test at 80°C. in a 2 hour cycle time

showed 29% of the starting material remaining, and gave

89.3% of product materials of which there was normal
butraldehyde and 7.2% iso-butraldehyde with a ratio of
about 12.4. Some 4/10% of propane was observed in the
product and 3.5% non-butraldehyde of which a 2.7%
portion was methanol and 0.3% was ethyleneglycol. In the
next cycle, a 1 hour cycle, as 125°C. in which only
3/10% of "starting material remained; of the products 85%
was normal and 9.5% isobutyaldehydes for a ratio of 9.0
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with about 1% propane and some 5.3% non-butraldehydes of
which the greatest proportion or 4.6% was methanol and
about a tenth of a percent ethyleneglycol was present.
In the third cycle at 150°C. for 3 hour, all the
starting material was reacted and of the products, about
81% was normal and 13% isobutraldehydes for a ratio of
about 6:1 and about 6.2%'was_pon—butraldehydes of which
8/10 of a percent was propane and 4.9% was methanol and

a tenth of a percent ethyleneglycol was present again.

Cycle 4 at 155%C. this time shifting from the diethyl-

ether solvent to THF as a solvent again for 3 hour

showed all of the starting material reacted and the
products were 81.2% normal and 13.4% isobﬁtraldéhydes.
There were 5.4% non-butraldehydes of which 0.6% was
propane and 2.7% methanol and 7/10 of a percent C6
materials. A considerable excess of the ligand was then
added to make the ratio of about 32:1, The reaction
again was run in THF at 155°C. so that the THF and the
excess ligand were the co-solvents again for + hour.
The product materials were 92% normal and 3.5% isobut-
raldehydes for an n:i ratio of 25.3 which was a
considerable improvement. There were 4.4% non-butralde-
hydes of which about a 2.9% portion was methanol and
2/10 of a percent was propane. Methanol was still
produced even though THF was the ether-type solvent or
co-solvent. A duplication of the previous cycle showed
9.24% normal and 3.6% isobutraldehydes for a ratio of
25.4. There were 4.0% non-butraldehydes of which about
0.1% was propane and 3.1% methanol. Cycle 7 then was run
with no propylene feed but the other conditions in this
and there was 24.2% methanol produced, along with 3/10

.of a percent ethylene glycql, traces of propanetriol,

0.7% Tmethane, and 0.9% Cznto 08 parafins. Thus, the

aldohol and hYdrocarbon production using this catalyst

SUREA[
OMPI

Zp, WO,
Srppyamiott




WO 80/01689 ' | PCT/US80/00212

10

15

20

25

30

ethyleneglycol, and 2/10 of .a percent higher glycols.
"Thus,” alcohol synthesis, hydrocarbonsynthesis, and very
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was demonstrated. Cycle 8 was the same, but where

an additional equivalent amount of water was added and
no ether was present as solvent. The salt-ligand and
water were co-solvents. The product was 32.7% methanol,
0.2% ethylene glycol, and the gas going through in a
continuous process showed 70.6% hydrogen, 8.7% CO, 20.7%
COZ’ as well as about 0.4% dimethylcarbonate. Thus, this.
cycle shows both water-gas disproportionation catalysis
as well as further optimization of alcohol synthesis and
the Fischer-Tropsch cata;ysis was somewhat less. Cycle 9
was done again hydrocarbonylation as in Cycles 5 and 6.
The product was 92.6% normal and 3.45% isobutraldehydes
and 4.0% non-butraldehydes, 0.15% starting material
propylene, 2/10 of a percent propane and 2.7% methanol. . .
An additional equal amount of ligand was added further
before Cycle 10 and the reactions run again. The product
was 93.5% normal and 3.15% isobutraldehydes for a ratio
of 29.7 and 3.5% non-butraldehydes of which 1.4% was
methanol. Cycle 11 involved a further aloquot addition
of ligénds to give 94.7% n and 2.6% isobutraldehydes for
a ratio of 36.4 n:i and Cycle 12 with a similarly added
yet another aloquot to give 94.5% n and 2.45% isobut- -
raldehydes for a ratio of 38.0% n:i. Cycle 13 was again
run with no propylene feed under the same condi-

tions with the salt solvent as the only solvent but with
the syngas feed to give 36.1% meﬁhanol, 5.5% ethylene
glycol and 4/10 of a percent propanetriol as well as
traces of butanetetrol and pentalrythritol. A duplicate
cycle 14 using longer feed times, 80°C. for 24 hours
instead of the higher temperature of 150°C. for the
shérter period of time, gave 36.3% methanol, 8.45%

favorable normal to isobutraldehyde ratios from
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hydrocarbonylation are demonstrable with this particu-
lar catalyst. Other catalysts gave similar sorts of
results depending on the ligands, the conditions and the
metals involved, but the overall ligands, solvents,
catalysts, and processes worked to give favorable

results.

INDUSTRIAL APPLICABILITY

The compositions and processes of the present inven-
tion can be-used in catalytic conversion of hydrocarbons
and carbon monoxide in the reactions, hydrogenation, de-
hydrogenation, hydrocgrbonylation of olefins, hydrocar-
bon synthesis, alcoﬁol synthesis and water-gas dispro-

portionation.
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WHAT IS CLAIMED IS:
1. A compound selected from the formulas
and

wherein a and a'. are integers of from 0 to 2; b is an
integer of from 1 to 4; b is an integer of from 0 to 3;
c+d equals b, c' and d' equals b'; c is an integer of
from 1 to 4; c' is an integer of from 1 to 3; d is an
integer of from 1 to 3; and d' is an integer of from 0
to 2; each L is independently selected from a trivalent
P, As and N atom; each R group is independently
selected from the group consisting of alkyl, alkenyl,
alkynyl, aryl, alkoxyalkyl, aryloxyalkyl, alkoxyaryl,
aryloxyaryl, ferrocenyl, and fluoro groups, wherein the
aryl portions thereof can be ‘substituted with a halogen
and the alkyl portions thereof can be substituted with
a member selected from halogén and hydroxy groups,

provided that said halogens on said alkyl groups are

‘not in an alpha~position with respect to said L atom

unless they are fluoroc atoms; each Q group is independ-
ently selected from the group consisting of alkyl,
alkenyl, alkynyl, aryl, alkoxyalkyl, aryloxyalkyl,

-alkoxyaryl, aryloxyaryl, and ferrocenyl, wherein. the

aryl portions thereof can be substituted with a halogen
and the alkyl portions thereof can be substituted with
a member selected from -halogen and hydroxy groups;
wherein said Q groups have a+l points of attachment

to L atoms; J is selected from the group consisting of
LR., LR-Q -LR LR«Ql-LR-Q?LRz, L'R,, L+R2—Q1—L+R
and L'R,-Q"-LR,,

27 i 27 3’
+ 1 .+ 1 .+ 1 .+

L RZ_Q -L RZ_Q -L R3, LR-Q -L R3

wherein Q- is a member selected from the same group as

for Q except that said Q? groups have two points of
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attachment to L atoms, and single or multiply charged
inorganic or organic, non-solid anions thereof having
charges sufficient to balance the charges from any Lt

moieties on the compound.

2. A compound'according to Claim 1 wherein in

formula VI L is a phosphorus atom.

3. A complex according to Claim 1 of the formula
— +
R3_b,LéC._C—QL RS)b'
wherein b' is an integer of from 1 to 3 and R, L and Q

are defined as in Claim 1.

4, A compound according to Claim 1 of the formula
— +
Ry _p P4C=C-QP'R.),,
wherein b' is an integer of from 1 to 3 and R and Q are

as defined in Claim 1.

5. A compound according to Claim 1, wherein at
least one R group on the L atom of formula VI is a

fluoro group.

6. A compound according to Claim 1 of the formula
— +
FRz_b,LéC—~C—QP RS)b'

wherein b' is an integer of from 1 to 2 and R, L and Q

are as defined in Claim 1.

7. A compound according to Claim 1 of the formula
—c_apt
FR, 4, +PLC=C-QP R;), ,

wherein b' is an integer of from 1 to 2 and R and Q are

as defined in Claim 1.
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8. A compound selected from the formulas
+ 1 2
R, pL [CR"=CR 1 I-e€3) 14 IX
and

1.2
R, _,, LICR =CR I, 0-e€0) 140 X

wherein a and a' are integers of from O to 2; b is an
infeger of O to 4; b' is an integef of from 0 to 3; c+d
equals b; c'+d' equals b'; ¢ 'is an integer of from 1 to .
4: c' is an integer of from O to 3; d is én integer of
from O to 3; and d' is an integer of from 0 to 2; each L
is independently selected from trivalent P, As and N;
each R group is independently selected from the group
consisting of alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl,
aryloxyalkyl, alkoxyaryl, aryloxyaryl, ferrocenyl, and

fluoro groups, wherein the aryl portions thereof can be

substituted with a halogen and the alkyl portions thereof
can be substituted with a member selected from halogen
and hydroxy groupé, with the proviso that said halogens
on said alkyl groups are not in an alpha position with
respect to said L atom unlesé they are fluoro atoms; each
Q group is independently selected from the group
consisting of alkyl, alkenyl, alkynyl, aryl, alkoxyvalkyl,
aryl oxyalkyl, alkoxy aryl, aryl oxyaryl, and ferrocenyl,
wherein the aryl portions thereof can be substituted with
a halogen and the alkyl portions thereof can be substi-
tuted with a member selected from halogen and hydroxy
groups; wherein said Q groups have a+l points of
attachment to L atoms; J is selected from the group
consisting of LR,, LR-Q-LR,, LR—Ql—LR—QlLRz, L*R,,
L+R2—Q1-L+R3, L+R2-Q1—L+R2-Q1—L+R', LR—Ql-L+R3 and
L+R2-Q1—LR2; wherein Q- is a member selected from the
same group as for Q except that said Q1 groups have two
points of attachment to L atoms; RT is a member selected

from the group consisting of R as defined above and the
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group Q(J)a as defined above; Rz is a member selected
from the group consisting of R as defined above, J as
defined above, Q(J)a, as defined above, and F; and single
or multiply charged inorganic or organic, soluble anions
5 having chargeé sufficient to balance the charges
from any LY moieties:
9. A complex comprising a Group VIB, VIIB, VIIIB or IB
transition metal atom in complex association with a

ligand selected from the compound of the formulas

+ 1 2
10 R, ,L [CR™=CR7]_[-Q&J)_ 1, IX
and
R LicrY=Ccr?] , [-Q¢d) .1 X
3-b! c! a'‘a!

wherein a and a' are integers of from O to 2; b is an
integer of 0 to 4; b' is an integer of from O to 3; c+d
15 equals b; .¢'+d' equals b'; ¢ is an integer of from 1 to
4; c' is an integer of from O to 3; d is an integer of
from 0 to 3; and d' is an integer of from O to 2; each L
atom is independently selectéd from trivalent P, As and
‘N; -each R group is independently selected from the group
20 consisting of alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl,
ar§idealkyl, alkdiYaryl, arylgxyaryl, ferrocenyl, and
fluoro groups, wherein the aryl portions thereof can be
substituted.with a halogen and the alkyl portions thereof
can be substituted with a member selected from halogen
25 and hydroxy groups, with the proviso that said halogens
on said alkyl groups are not in an alpha position with
respect to said L atom unless they are fluoro atoms; each
Q group is independently selected from the group
consisting of alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl,
30 aryl oxyalkyl,,alkoxy’apyl, aryl oxyaryl, and ferrocenyl,
wherein the aryi.portions thereof can be substituted with
a halogen and the alkyl portions thereof can be substi-

tuted with a member selected from halogen and hydroxy

s

<
Dy e el
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groups; wherein said Q groups have a+l points of
attachment to L atoms; J is selected from the group
con51st1ng of LRZ’ LR Q- LR2, LR-Q —LR Q LRZ’ L R3,

L R Q -L RS’ L R Q -L*R —Q -L R3, LR- Ql L R3 and

L*r —Q —LR where1n Q" is a member selected from the
same group as for Q except that said Q groups have two
points of attachment to L atoms; Rl is a member selected
from the group consisting of R as defined above and the
group Q(J)a as defined‘above; R2 is a member selected
from the group consisting of R as defined above, J as
defined above, Q(J)a, as defined above, and F; and single
or multiply charged inorganic or organic, soluble anions
having charges sufficient to balance the charges

from the L moieties; with the proviso that said
compounds of formulas IX and X contain at least one L

atom which is a non-quaternized L.

10. A complex comprising a Group IB, IIB, VIIB
or VIITB transition metal and a ligand selected from the
formulas ) '

R, ,LYEQEI) 1, XVII and

4 b
R b,LEQéJ) 1y - XVIII

wherein a and a' each are integers of from O to 2; b is
an integer of from 1 to 4;‘b' is an integer of from 1 to
3; each L is indepenently selected froﬁ the group
consisting of P, As, and N; J is selected from the

group con51st1ng of LR2, LR~ Q LR2, LR-Q —LR Q LRz, L+R3,
L R2—Q -L R3, L*R —Q -i.*r —Q -L R3, LR-Q L R3 and

L RZ—Q —LRZ; each R group is independently selected from
the group consisting of alkyl, alkenyl, alkynyl, aryl,
alkoxyalkyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl,
ferraocenyl, and fluoro groups, wherein the aryl portions

thereof can be substituted with a halogen and the alkyl
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portions thereof can be substituted with a member
selected from halogen and hydroxy groups, provided that
said halogens on said alkyl groups are not in an
alpha-position with respect to said L atom unless they
are fluoro atéms; each Q group is independently selected
from the group consisting of alkyl, alkenyl, alkynyl,
aryl, alkoxyaikyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl,
and ferrocenyl, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions thereof
can be substituted with a member selected from halogen
and hydroxy groups and wherein said Q groups have a+1
points of attachment to L atoms; Ql is a member selected
from the group as fdr Q except that said Ql groups have
two points of attachment to L atoms; and single or
multiply charged inorganic or organic, soluble anions
having charges sufficient to balance the charges from the
L* moieties, with the proviso that in said ligands of
formulas XVII and XVIII contain at least one L atom which
is a quaternarized Lt and at:least one other L atom

which is. a non-quarternized L.

11. A catalytic conversion process comprising
contacting a reactant selected from the group consisting
of hydrocarbons, hydrocarbon precursors, and car-
bon monoxides and water with a catalyst so as to
catalytically convert said reactant, wherein said
catalyst is dissolved in a solvent comprising a ligand

selected from the formulas
+
R4—bL —E—OéJ)a]c XVII and
R, L E-Q€J)_ 1 XvIII,

wherein a and a'.each are integers of from 0 to 2; b is

an integer of from 1 to 4; b' is an integer of from 1 to

43 each L is independently selected from the group
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consisting of P, As, and N; J is selected from the

group consisting of LR2, LR—QlLRZ, LR-QI—LR-QlLRz, L+R3,
LfRz—Ql—L”Rs, L+R2—Q1-L+R2—Q1—L+R3, LR—Q]‘—L+R3 and ,
L+R2—Q1—LR2; each R group is independently selected from
the group consisting of alkyl, alkenyl, alkynyl, aryl,
alkoxyalkyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl, ferro-
cenyl, and fluoro groups, wherein the aryl portions
thereof can be substituted with a halogen and the alkyl
portions thereof can be substituted with a member
selected from halogen and hydroxy groups, provided that
said halogens on said alkyl groups are not in an
alpha-position with respect to said L atom unless they
are fluoro atoms; each Q group is independently selected
from the group consisting of alle, alkenyl, alkynyl,
aryl, alkoxyalkyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl,
and ferrocenyl, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions thereof
can be substituted with a meﬁber selected from halogen
and hydroxy groups and where@n said Q@ groups have a+l
points of attachment to L atoms; Q1 is a mgmber selected
from Q, except that said Ql groups have two points of
attachment to L atoms; and single or multiply charged

_ inorganic or organic, soluble anions having charges

25

30

sufficient to balance the charges from the LY moieties,
with the further proviso that said ligands of formulas
XVII and XVIII contain at least one L atom which is a

quaternized Lt and at least one other L atom which is‘

non-quarternized L.

12. The catalytic conversion process of Claim
11, wherein said catalyst is dissolved in said solvent

and a co-solvent with which said solvent is miscible.
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13. The catalytic conversion process of Claim
12, wherein said co-solvent has a pH of greater than
about 6.5.

14. The catalytic conversion process of Claim
11, wherein said catalyst includes at least one coordi-
nated therewith, which ligand is the same 1igand as said

solvent.

15. The catalytic conversion process of Claim
11, wherein said solvent is completely unreactive in said

conversion process.

16. The catalytic conversion process of Claim 11,
wherein said reactant comprises said hydrocarbons, ahd
said process includes carrying out said contacting in the
presence of hydrogen or a mixture of CO and water so as

to hydrogenate said hydrocarbons.

17. The catalytic conversion process of Claim 11,
wherein said reactant comprises said hydrocarbons, and
said process includes carrying out said contacting under
temperature and pressure conditions sufficient to
dehydrogenate said hydrocarbons, and wherein said

catalyst comprises a dehydrogenation catalyst.

18. The catalytic conversion process of Claim 11,
wherein said reactant comprises a mixture of carbon
monoxide and a compound selected from the group consis-
ting of hydrogen and water, wherein said contacting is
carried out under temperature and pressure conditions so
asto producea hydrocarbon product from said reactant,
and fﬁrtﬁer wheréin said catalyst comprises a hydrocarbon

synthesis catalyst.'
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19. The catalytic conversion process of Claim 11,
wherein said reactant comprises a mixture of carbon
monoxide and a compound selected from the group consis-
ting of hydrogen and water, and wherein said contacting
is carried out under temperature and pressure conditions
so as to produce a hydrocarbon product from said
reactant, and further wherein said catalyst comprises an

alcohol synthesis catalyst.

20. The catalytic conversion process of Claim 11,
wherein said reactant comprises an olefinic hydrocarbon,
and wherein said contacting is carried out in the
presence of CO and hydrogen under temperature and
pressure conditions sufficient to convert said olefinic
hydrocarbon to aldehyde or alcohol products, and further
wherein said catalyst comprises a hydrocarbonylation

catalyst.

21. The catalytic conyefsion process of Claim 11,
wherein said reactant compriée a mixture of carbon monox-
ide and water, and wherein said contacting is carried out
under pressure and temperature conditions sufficient to
convert at least a portion of said reactant into carbon
dioxide and hydrogen, and further wherein said catalyst

comprises a water gas disproportionation catalyst.

22. A composition of matter (XIX) comprising
surface tetravalent metal oxide selected from the group
27 T102, ZrOz, HfOz, ThOz, GeOz, SnOz
and mixtures thereof and attached to the surface of said

consisting of SioO

tetravalent metal oxide a coordinating group of a formula

selected from —Lle
1 3

1 .
= ) and —L-Rz_b£Q%J)a]b, wherein each
L* atom is selected from the group consisting of

trivalent P and As; a is an integer of from 1 to 2; b is
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an integer of from 1 to 2; each R is independently
selected from the group consisting of alkyl, alkenyl,
alkynyl, aryl, alkoxyalkyl, aryloxyalkyl, alkoxy arvyl,
aryloxyaryl, ferrocenyl, and fluoro groups, wherein the
aryl portions thereof can be substituted with a halogen
and the alkyl portions thereof can be  substituted

with halogen groups, with the proviso that said halogen :
on said alkyl groups are not in an alpha-position with
respect to said L atom unless they are fluoro atoms; Q is
a member selected from the group consistihg of alkyl,
alkenyl, alkynyl, aryl, alkoxyalkyl, aryloxyalkyl,
alkoxyaryl, aryloxyaryl, and ferrocenyl, wherein the arvyl
portions thereof can be substituted with halogen and the
alkyl portions thereof can be substituted with halogen
groups, and wherein said Q group haé a+1l points of attach-
ment to L atoms; J is selected from the group consisting
of LR, LR—Ql—LRz, LR—Ql—LR—QlLRz, L+R3, L+R2—Q1—L+R-,
L*R,-Q'-L"R,-Q*-L*R,, LR-Q'-L*R, and L"R,-Q'-LR,, wherein
Ql is a member selected from-the same group as Q except
that said Ql groups have two-points of attachment to L
atoms and wherein L is independently selected from P, As
and N; and said coordinating group is attached to said

tetravalent metal oxide through an oxide linkage.

23. A complex comprising a Group VIB, VIIB, VIIIB,
or IB transition metal in complex association with a
ligand, said ligand comprising surface tetravalent metal
29 T102,
Zro HfO ThOo

GeO SnO2 and mixtures thereof, and -

2° 2! 2’ 2°
attached to the surface of said tetravalent metal oxide a
coordinating group of a formula selected from -LlR and

1 2

=L"R, f@td)_1,, wherein each L' atom is selected from

the group consisting of trivalent P and As; a is an inte-

ger of from 1 to 2; b is an integer of from 1 to 2; each

+3 \’
REATIONS
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R is independently selected from the group consisting of
alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl, aryloxyalkyl,
alkoxyaryl, aryloxyaryl, ferrocenyl, and fluoro groups,
wherein the aryl portions thereof can be substituted with

5 a halogen and the alkyl portions thereof can be substi-
tuted with halogen groups, with the proviso that said
halogens on said alkyl groups are not in an alpha-
ﬁosition with respect to said L atom unless they are
fluoro atoms; Q is a member selected from the group

10 consisting of alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl,
aryloxyalkyl, alkoxyaryl, aryloxyaryl, and ferrocenyl,
wherein the aryl portions thereof can be substituted with
a halogen and the alkyl portions thereof can be substi-
tuted with halogen groups, and wherein said Q group has

15 a+l points of attachment to L atoms; J is selected from
the group consistihg of LR%,_LR—Ql—LRz, LR—Ql—LR—QlLRz,
+ + 1 .+ +
L'R;, L'R,-Q -L Ry, L'Ry-Q -

- —L+R2—QléL+R LR—Ql—L+R3 and
L+R2—Q1—LR2, wherein Q- is a member selected from the
same group as Q except that said Ql groups have two

20 points of attachment to L atdms and wherein L is
independently selected from P, As and N; and said
coordinating group is attached to said tetravalent

metal oxide through an oxide linkage.

24. The complex of Claim 23, wherein said transi-
25 tion metal is selected from the group consisting of

ruthenium, rhodium, iron and platinum.

25. The complex of Claim 23, wherein said transi-

tion metal comprises rhodium.

26. The complex of Claim 23, wherein said transition

30 metal comprises ruthenium.
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27. The complex of Claim 23, wherein said transi-

tion metal comprises iron.

28. The complex of Claim 23, wherein said transi-

tion metal comprises platinum.

5 29. The complex of Claim 26, wherein said metal
oxide comprises a semiconductor or semiconductor coated

electrode.

30. The complex of Claim 29, wherein said metal
oxide comprises n—TiOz.
10 31. A photoreaction process comprising contacting

the composition of Claim 29, in the presence of water
with visible or ultraviolet light in order to decompose

said water.

32. The process of Claim 31, wherein said water is

15 maintained at a pH of between about 5 and 9%.

33. The process of Claim 31, wherein the metal

oxide comprises n—TiOz.

34. The process of Claim 31, wherein said transi-

tion metal comprises ruthenium.

20 35. The process of Claim 31, conducted in the
presence of wvisible light.
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36. A composition of matter comprising surface
tetravalent metal oxide selected from the group
5+ TiO,, Zro,, HfO,, ThO,, GeO, SnO,
and mixtures thereof, having a salt group of a formula
selected from LR, and iL1R3_b£Q{-J)a]b attached to

3
the surface of said tetravalent metal oxide, wherein

each L1
trivalent P and As; a is an integer of from 1 to 2; b

consisting of SioO

atom is selected from the group consisting of

is an integer of from 1 to 3; each R is indepen-

dently selected from the group consisting of alkyl,
alkenyl, alkynyl, aryl, alkoxyalkyl, aryloxyalkyl,
alkoxy aryl, aryloxyaryl, ferrocenyl, and fluoro

groups, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions
thereof can be substituted with a member selected from
halogen and hydroxy groups, with the proviso that said
halogens on said alkyl groups are not in an alpha .
position with respect to said L atom unless they are
fluoro atoms; Q is a member selected from the group
consisting of alkyl, alkenyl, alkynyl, aryl, alkoxy-
alkyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl, and ferro-
cenyl, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions
thereof can be substituted with a member selected from
halogen and hydroxy groups and wherein said Q group has
a+l points of attachment to L atoms; J is selected from
the group consisting of LR.,, LR-Q - LRZ, LR-Ql-LR—QlLRz,
L+R L+R Ql—L+R3, Q%—L RZ—Q Lt R, LR~Q1—L+R3
and LR -Ql-LR2 whereln Q" is a member selected from
the same group as Q except that said Q groups have two
points of attachment to L atoms and wherein L is
independently selected from P, As and N; and single or
multiply -charged inorganic.or organic, soluble anions
having charges sufficient to balance the charges from
the L* moieties, wherein said group is attached to said

tetravalent metal oxide through an oxygen linkage.




WO 80/01689 PCT/US80/00212

10

15

20

25

30

-89-

37. An ion exchanged ligand composition
comprising (1) a solid cationic support comprising
surface tetravalent metal oxide selected from the group
X Thoz, Geoz, 5no
and mixtures thereof, having a salt group of a formula

selected from —L1+R3 and —L1+R3_b £Q

consisting of 5102, T102, Zroz, HfO 2

éJ)a]b attached

to the surface of said tetravalent metal oxide, wherein
each Ll atom is selected from tﬁe group consisting of
trivalent P and As; a is an integer of from 1 to 2; be
is an integer of from 1 to 3; each R is independently
selected from the group consisting of alkyl, alkenyl,
alkynyl, aryl, alkoxyalkyl, aryloxyalkyl, alkoxy aryl,
aryloxyaryl, ferrocenyl, and fluoro groups, wherein the
aryl portions thereof can be substituted with a halogen
and the alkyl portions thereof can be substituted with
a member selected from halogen and hydroxy groups, with
the proviso that said halogens on said alkyl groups

are not in an alpha position with respect to said L
atom unless they are fluoro a%oms; Q is a member
selected from the group consisting of alkyl, alkenyl,
alkynyl, aryl, alkoxyalkyl, aryloxyalkyl, alkoxyaryl,
aryloxyaryl, aryloxyaryl, and ferrocenyl, wherein the
aryl portions thereof can be substituted with a halogen
and the alkyl portions thereof can be substituted with
a member selected from halogen and hydroxy groups

and wherein said Q group has a+l1l points of attachment
to L atoms; J is selected from the group consisting of
LR,, LR-Q -LR LR-Q'-LR-Q'LR,, L*R,, LR -a’-L*R

2’ 2’
L+R2—Q1—L+R2—Q;—L+R3, LR—QI—L+R 1-LR

3’ 3’

+ ;
= an@ L RZ_Q 2
and wherein Q is selected from the same group as for Q

except that Ql groups have two points of attachment to
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L atoms and wherein each L is independently selected
from P, As and W; and single or multiply charged
inorganic or organic, non-solid anions thereof having
charges sufficient to balance the charges from the

Lt moieties, wherein said salt group is attached

to said tetravalent metal oxide through an oxygen
linkage; and (2) an anion selected from the formulae

X_QLR;, wherein X is a member selected from

-co;, —sog, so;, 23
dependently represents a member selected from an R

—Pog; and R10 each Rl group in-
group and a group (Q(J)a, wherein said R group is
selected from alkyl, alkenyl, alkynyl, aryl
alkoxyalkyl, aryloxyalkyl, élkoxy aryl, aryloxyaryl,
férrocenyl and fluoro groups, wherein the aryl portions
thereof can be substituted with a halogen and the alkyl
portions thereof can be substituted with a member
selected from halogen and hydroxy groups, provided that
said halogens on said alkyl groups are not in an alpha
position with respect to said L atom unless they are
fluoro atoms; Q is a member éelected from the group
consisting of alkyl, alkenyl, alkynyl, aryl,
alkoxyalkyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl, and
ferrocenyl, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions
thereof can be substituted with a member selected from
halogen and hydroxy groups, wherein said Q group has
a+l points of attachment to L atoms, and wherein said Q
group can be substituted with -X groups, said X, and R
being as defined above; and J is selected from

the group consisting of LR 'LRQLRZ and LRQLRQLR,,

2,
wherein L, Q and R are as defined above.




WO 80/01689 PCT/US80/00212

10

15

20

25

30

-91~
38. An ion exchanged ligand composition

comprising (1) a solid cationic support comprising
surface tetravalent metal oxide selected from the group
or TiO,, Zro,, HfO,, Tho,, GeO, Sno,
and mixtures thereof, having a salt group of a formula
1 +.1
: Ry and -L RS_bEQ%J)a]b attached to
the surface of said tetravalent metal oxide, wherein

each Ll atom is selected from the group consisting of

consisting of Sio

selected from L

trivalent P and As; a is an integer of from 1 to 2; b

is an integer of from 1 to 3; each R is independently

selected from the group consisting of alkyl, alkenyl,
alkynyl, aryl, alkoxyalkyl, aryloxyalkyl, alkoxy

aryl, aryloxyaryl, ferrocenyl, and fluoro groups,
wherein the aryl portions thereof can be substituted
with a halogen and the alkyl portions thereof can be
substituted with a member selected from halogen and
hydroxy groups, with the proviso that said halogens on
said alkyl groups are not in an alpha position with
respect to said L atom unless they are fluoro atoms; Q
is a member selected from thé-group consisting of
alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl,
aryloxyalkyl, alkoxyaryl, aryloxyaryl, and ferro-
cenyl, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions
thereof can be substituted with a member selected from

halogen and hydroxy groups and wherein said Q group has

" a+l points of attachment to L atoms; J is selected from

the group consisting of LR%, LR—Ql—LRz, LR—Ql—LR—QlLR
+ + 1 .+ + + 1 % 1 .+
L RS’ L RZIQ -L RZ’ L RZ-Q ~L RZ-Q -L RS’ LR-Q7~-L R3

and L+R2—Q —LRZ, wherein Q1 is selected from the same

2’

group as for Q except that Ql groups have two points of
attachment to L atoms and wherein each L is inde-
pendently selected from P, As and N; and single

or-multiply charged inorganic or organic, soluble
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anions of J having charges sufficient to balance the
charges from the Lt moieties, wherein said salt group
is attached to said tetravalent metal oxide through an
oxygen linkage; and (2) an anion of the formula

1. - 1
R3B QLR2

sents a member selected from an R group and a group

wherein each Rl group independently repre-

Qz(Jz)a, wherein said R and a symbols are as defined

. above; Qz represents a group-Q as defined above except

that Q2 can be substituted with -X or -A R

5 groups,
wherein X is a member selected from —co;, —Sog,
—so;, —Pog, and -RPO., wherein Z and A and R are as

defined above; -and J° represents a member selected from

the group consisting of LR LRQZLR and LRQZLRQZLR

2’7 2 2’

wherein L, Qz and R are as defined above.

39, The ligand composition of Claim 38, wherein L
comprises P and X is selected from the group consisting
of CO2 and 803. -

40. The ligand composition of Claim 38, wherein
said solid cationic support is selected from the group
consisting of SiO2 and Tioz.

41. A complex comprising a group IB, VIB, VIIB or
VIIIB transition metal and an ion exchanged ligand
composition comprising (1) a solid cationic support
comprising surface tetravalent metal oxide selected
51 Zr0,, HfO,,
Thoz, GeO, Sn0O, and mixtures thereof, and attached to

2 2
the surface of said tetravalent metal oxide, a salt

from the group consisting of Sioz, Tio

group of a formula selected from iLlRS and

iL1R3_b{-Q(—J)a]b, wherein each L1 atom is selected

from the group consisting of trivalent P and As;
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i a is _a2s—1hteger of from 1 to 2; b is an integer of from

1 to 3; each R is independently selected from the group

consisting of alkyl, alkenyl, alkynyl, aryl,
alkoxyalkyl, aryloxyalkyl, alkoxy aryl, aryloxyaryl,

5 ferrocenyl, and fluoro groups, wherein the aryl -
portions thereof can be substituted with a halogen and
the alkyl portions thereof can be substituted with a
member selected from halogen_and hydroxy groups, with
the proviso that said halogens on said alkyl groups are

10 not in an alpha position with respect to said L atom
unless they are fluoro atoms; Q is a member selected
from the group consisting of alkyl, alkenyl,'alkynyl,
aryl, alkoxyalkyl, aryloxyalkyl, alkoxyaryl,
aryloxyaryl, and ferrocenyl, wherein the aryl portions

15 thereof can be substituted with a halogen and the alkyl
portions thereof can be substituted with a member
selected from halogen and hydroxy groups and wherein
said Q group has a+l points of attachment to L atoms; J
is selected from the group consisting of LR

1 1 1 + 142
20 LR-Q -LR,, LR-Q -LR-Q LR,, LR, L+R2—Q —L+R3,
+ 1 T+ 1+ 1 -+ + 1
L RZ_Q -L RZ—Q -L R3, LR-Q =L R3 and L RZ—Q —LRZ,

wherein Ql is selected from the same group as for Q
except that Ql groups have two points of aftachment
to L atoms and wherein each L is independently selected
25 from P, As and N; and single or multiply charged
inorganic or organic, soluble anions having charges
sufficient to balance the charges from the L™ moieties,
wherein said salt group is attached to said tetravalent
metal oxide through an oxygen linkage; and (2) an anion
30 of the formula RIB™QLR!

3 2
independently represents a member selected from an R

wherein each Rl group

group and a group Qz(Jz)a, wherein said R, and a

symbols being as defined above; Q2 represents a group Q
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as definea ai-ve_exc—pt-that Q” can be substituted with

-X~ or —B—R3 groups, wherein X iS‘é“ﬁémB@T*sﬁlsggsgkr\

from -COE, -sog, -SOE, —Pog, and —RPOE and A and R
are as defined above; and J° represents a member

iy LRQlLRz and

LRQLRQLRZ, wherein L, Q2 and R are as defined above.

selected from the group consisting of LR

_42. The ligand composition of Claim 41, wherein L
comprises P and X is selected from the group consisting
of CO2 and 803.

43. The ligand composition of Claim 41, wherein
said solid cationic support is selected from the group

consisting of Si0O, and Tioz.

2
44. A catalytic conversion process comprising
contacting a reactant comprising hydrocarbons and a
mixture of carbon monoxide and a member selected from
the group consisting of hydrogen, water and mixtures
thereof with a conversion catalyst in a reaction zone
maintained at conversion con&itions, wherein said
catalyst comprises a complex comprising a group IB,
VIB, VIIB, or VIIIB transition metal in complex
association with a ligand composition comprising
(1) a solid cationic support comprising surface’
tetravalent metal oxide selected from the group
27 ZrOz, HfOz, ThOz, GeO2 SnO2
and mixtures thereof, and attached to the surface of

consisting of SiOz, TiO

said tetravalent metal oxide a salt group of a formula
selected from —LIR3 and iL1R3_b{-Q(—J)a]b, wherein

each L1 atom is selected from the group consisting of

trivalent P and As; a is an integer of from 1 to 2; b

is an integer of from 1 to 3; each R is independently
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selected from the group consisting of alkyl, alkenyl,
alkynyl, aryl, alkoxyalkyl, aryloxyalkyl, alkoxy

aryl, aryloxyaryl, ferrocenyl, and fluoro groups,
wherein the aryl portions thereof can be substituted
with a halogen and the alkyl portions thereof can be
substituted with a member selected from halogen and
hydroxy groups, with‘the proviso that said halogens on
said alkyl groups are not in an alpha position with
respect to said L atom unlesg they are fluoro atoms; Q
is a member selected from the group consisting of
alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl,
aryloxyalkyl, alkoxyaryl; aryloxyaryl, and ferro-
cenyl, wherein the aryl portions thereof can be

substituted with a halogen and the alkyl portions

thereof can be substituted with a member selected from

halogen and hydroxy groups and wherein said Q group has
a+l points of attachment to L atoms; J is selected from
the group consisting of LR%, LR—Ql—LR LR—Ql—LR—QlLR
+ + 1 .+ + 1 .+
L'R;, L'R,-Q -L R, L R,-Q 5+ LR-Q -L'R,

2
wherein Q° is selected from the same

2)

+ 1 .+ 2’
~L RZ—Q -L R

and L+R2—Q1—LR2,
group as for Q except that,Ql groups have two points of
attachment to L atoms and wherein each L is in-
dependently selected from P, As and N; and single

or multiply charged inorganic or organic, soluble
anions having charges sufficient to balance the charges
from the LY moieties, wherein said salt group is
attached to said tetravalent metal oxide through an
oxygen linkage; and (2) an anion selected from the
formula X-QLRé and RéB—QLR; wherein each R' group
independently represents a member selected from‘an R
group and a group Qz(Jz)a, wherein said R and a

symbols being as defined above; Qz represents a group Q

as defined above except that Qz can be substituted with

PCT/US80/00212
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-X~ or —-B_R3 groups, wherein X is a member selected
from —coz-, —SOS—, —SOz—, —P03, and —RPOZ- and A and R
are as defined above; and J° represents a member
selected from the group consisting of LRZ’ LRQlLR2 and

5 LRQLRQLRZ, wherein L, QZ and R are as defined above.

7 45. The cataly?ic conversion process of Claim 44,
wherein said reactants comprise said hydrocarbons in a
mixture with a reagent comprising a mixture of carbon
monoxide and water, and wherein said conversion

10 conditions comprise temperature and pressure conditions

for promoting the hydrogenation of said hydrocarbons.

46. The catalytic conversion process of Claim 44,
wherein said transition metals of said catalyst complex

are metals selected from group VIIIB.

15 47. The catalytic conversion process of Claim 44,
wherein said X is selected from the group consisting of
Co,_ and SO, , L comprises P, and A comprises B.

48. The catalytic conVersion process of Claim 44,
wherein said reactant comprises said mixture of carbon

20 monoxide and water; and wherein said conversion
conditions comprise temperature and pressure conditions
sufficient to promote the conversion of at least .a
portion of said carbon monoxide to carbon dioxide and

the production of hydrogen therein.

25 49. The catalytic conversion process of Claim 48,
wherein said transition metals of said catalyst complex

are metals selected from group VIIIB.
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50. The catalytic conversion process of Claim 48,

wherein said X is selected from the group consisting of
COE and so; and L comprises P.

51. The catalytic conversion process of Claim 44,
wherein said reactants comprise a mixture of carbon
monoxide and a member selected from the group con-
sisting of hydrogen and a mixture of hydrogen and
water, and wherein said convérsion conditions comprise
temperature and pressure conditions sufficient to

promote the synthesis of alcohols therefrom.

52. The catalytic conversion process of Claim 51,
wherein said transition metals of said catalyst complex
are metals selected from group VIIIB.

53. The catalytic conversion process of Claim 51,
wherein said X is selected from the group consisting of

COE and so; and L comprises P.
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54. A composition of matter of the formula

R9

9 1
R® - M-0 - LR, [Q(I) 1, XXV

R9

wherein a is an integer of from 0 to 2; b is an integer
of from 0 to 2; each L1 is selected from the group
consisting of trivalent'P and As; each R group is
independently selected from the group consisting of
alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl, aryloxy-
alkyl, alkoxyaryl, aryloxyaryl, ferrocenyl, and fluoro
groups, provided that (1) the aryl portions of said R
group can be substituted with a halogen and the alkyl
portions of said R group can be substituted with a
member selected from halogen and hydroxy groups,

(2) said halogens on said alkyl groups are not in an
alpha position with respect to said L atom unless they
are fluoro atoms; and (3) the-fluoro groups are not
attached directly to the M atom; each Q group 1is
independently selected from the group consisting of
alkyl, alkenyl, alkynyl, arvyl, alkoxyalkyl, aryloxy-
alkyl, alkoxyaryl, aryloxyaryl, and ferrocenyl, wherein
the aryl portions thereof can be substituted with a
halogen and the alkyl portions thereof can be substi-
tuted with a member selected from halogen and hydroxy
groups; J is selected from the group consisting of LRZ’

LR-QY-LR., LR-Q'-LR-Q'LR., L'R L+R2~Q1-L+R3,

2’ 27 37
L*r -Ql—L+R2-Ql—L+R

) 5» LR-Q'-L*R; and L*R,-Q"-LR,,
wherein Q- is a member selected from the same group as .
Q except that said Ql groups have two points of
attachment to L atoms and wherein each L is indepen-
dently selected from P, As and N; M is a member
selected from the group consisting of Si, Ti and

mixtures thereof; R9 is a member selected from
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the group consisting of an R group, an OR group, a

group Q(J)a, a group OQ(J)a, and an

R10
1
Rlo - M-Q -
T
Rlo m
0

group wherein R'© is a member selected from R, OR,
Q(J)a and OQ(J)a, wherein R, Q, J and a are as defined
above, and wherein m is an integer of frm 0 to about
200; and single or multiply charged inorganic or
organic, soluble anions having charges sufficient to
balance any charges from LY moieties on said compo-—~

sition of matter.

55. 'The composition 6f matter of Claim 56,

wherein M comprises Si.

56. The composition of matter of Claim 56,

. . . . 9 .
wherein said M comprises Si, and where R~ comprises an

Rlo

Rlo - M-O -~

|

R10 m

wherein m is an integer from 1 to 5.

57. The composition of matter of Claim 57,
wherein at least one R9 comprises said

R10

Rlo - M-O0 -~

Rlo . m
group, wherein m is independently chosen for each R

as an integer from 1 to 5.
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58. The composition of Claim 58, wherein each of

said Rg and Rlo groups comprise independently selected

R groups.

59. The compositon of Claim 58, wherein each of

said R9 and Rlo groups comprise independently selected

OR groups.

60. The composition of matter of Claim 58,

wherein L comprises trivalent P.

61. A complex comprising a Group I, VIB, VIIB,

VIIIB or IB transition metal and a ligand selected from

the formula

R9

9 1
R™ - M-0 - LR, [Q(D) 1, 4,

RQ

wherein a is an integer of from O to 2; b is an integer
of from 0 to 2; each L1 is selected from the group
consisting of trivalent P and As; each R group is
independently selected from the group consisting of
alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl, aryloxy-
alkyl, alkoxyaryl, aryloxyaryl, ferrocenyl, and fluoro
groups, provided that (1) the aryl portions of said R
group can be substituted with a halogen and the alkyl
portions of said R group can be substituted with a
member selected from halogen and hydroxy groups,

(2) said halogens on said alkyl groups are not in an
alpha position with respect to said L atom unless they
are fluoro atoms; and (3) the fluoro groups are not
attached directly to the M-atom; each Q group is
independeﬁtly selected from the group consisting of
alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl, aryloxy-

alkyl, alkoxyaryl, aryloxyaryl, and ferrocenyl, wherein
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the aryl portions thereof can be substituted with a
halogen and the alkyl portions thereof can be substi-
tuted with a member selected from halogen and hydroxy

groups, J is selected from the group consisting of LRZ’

LrR-Q'-LR,, LR-@'-LrR-Q'LR,, L*R,, LR, - -L'R.,
2 3 2 3
1

. 1 + +
LR-Q7-L R3 and L RZ-Q —LRZ,

20
L*R,-q"-L*R,-q'-L*R,,
wherein Q1 is a member selected from the same group as
Q except that said Ql groups have two points of
attachment to L atoms and wherein each L is indepen-
dently selected from P, As and N; M is a member
selected from the group consisting of Si, Ti and
mixtures thereorf; R9 is a member selected from

the group consisting of an R group, an OR group, a

group Q(J)a, a group OQ(J)a, and an

RlO

R - M-0O - =

Rlo - m

group wherein Rlo is a member selected from R, OR,
Q(J)a and OQ(J)a, wherein R, Q, J and a are as defined
above, and wherein m is an integer of frm 0 to about
200; and single or multiply charged inorganic or
organic, non-solid anions of J having charges suffi-
cient to balance any charges from L' moieties on said
composition of matter.

62. The composition of matter of Claim 61,

wherein said transition metal comprises rhodium.

63. The composition of matter of Claim 61,

- Whérein M comprises Si.
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64. The composition of matter of Claim 61,

R . . . 1} R
wherein said M comprises Si, and where R~ comprises an

R10

Rlo - M-O0 -~

RlO m

wherein m is an integer from 1 to 5.

65. The composition of matter of Claim 64,

. 9 . .
wherein at least one R~ comprises said

RlO

10

group, and wherein m is independently chosen for each

Rg as an integer from 1 to 5.

66. The composition of Claim 65, wherein each of
said R9 and Rlo groups comprise independently selected

OR groups.

67. The composition of matter of Claim 61,

wherein L comprises trivalent P.
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68. A reaction product catalyst mixture
comprising cobalt metal, ligand, in the presence of Hz
and CO at a temperature and pressure sufficient to
obtain a catalyst capable of catalyzing a hydro-
carbonylation reaction, wherein said ligand comprises a
compound of the formula RS—bL$b wherein L is selected
from the group consisting of trivalent P and As; each R
is independently selected from the group consisting of
alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl,
aryloxyalkyl, alkoxyaryl, aryvloxyaryl, and ferro-
cenyl groups, wherein the aryl portions thereof
can be substituted with a halogen and the alkyl
portions thereof can be substituted with a member
selected from halogen and hydroxy groups, with the
proviso that said halogens on said alkyl groups are not
in an alpha-position with respect to said L atom unless
they are fluoro atoms; each $ group is independently
selected from the group consisting of F and -C CRl,
wherein Rl is selected from the group consisting of R,
L'R,, Q1L+R3, L+R2Q1L+R3,1L+32Q1L+R2Q1L+Rz, wherein R
is defined as above and Q~ is selected from a group
consisting of alkyl, alkenyl, alkynyl, aryl,
alkoxyalkyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl and
ferrocenyl, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions
thereof can be substituted with a member selected from
halogen and hydroxy groups; and b is an integer of from
1 to 3.

y
$2pynm




WO 80/01689. PCT/US80/00212.

10

15

20

25

30

-104-

69. A complex comprising a transition metal
selected from the group consisting of chromium,
molybedinum, tungsten, manganese, rhenium, iron,
ruthenium, osmium, nickel, palladium, platinum, copper,
silver and gold and mixtures thereof and a ligand
having the formulé RS—bL$b wherein L is selected from
the group consisting ‘of trivalent P and As; each R is
independently selected from the group consisting of
alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl,
aryloxyalkyl, alkoxyaryl, aryloxyaryl, and ferrocenyl

groups, wherein the aryl portions thereof can be substi-

+tuted with a halogen and the alkyl portions thereof can

be substituted with a member selected from halogen and
hydroxy groups, with the proviso that said halogens on
said alkyl groups are not in an alpha-position with re—
spect to said L atom unless they are fluoro atoms; each
$ group is independently selected from the group
consisting of F and -C CRl, wherein Rl is selected from
the group consisting of R, L+ﬁ3, Q1L+R3, L+R2Q1L+R3,
L+R2Q1L+R2Q1L+R3,
is selected from a group consisting of alkyl, alkenyl,

‘'wherein R is defined as above and Q

alkynyl, aryl, alkoxyalkyl, aryloxyalkyl, alkoxyaryl,
aryloxyaryl and ferrocenyl, wherein the aryl portions
thereof can be substituted with a halogen and the alkyl
portions thereof can be substituted with a member .
selected from halogen and hydroxy groups; and b is an

integer of from 1 to 3.

70. The complex of Claim 69, wherein said

transition metal is selected from the group consisting

of iron, ruthenium, platinum and mixtures thereof.




WO 80/01689 PCT/US80/00212

10

15

20

25

30

-105-

71. A complex comprising a transition metal
selected from the group consisting of rhodium and
iridium, and mixtures thereof, provided that said
rhodium and iridium are in their +1 valence states, and
a ligand having the formula R3—bL$b wherein L is
selected from the group consisting of trivalent P and
As; each R is independently Selected from the group con-
sisting of alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl,
aryloxyalkyl, alkoxyaryl, aryloxyaryl, and ferrocenyl
groups, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions there-
of can be substituted with a member selected from halo-
gen and hydroxy groups, with the proviso that said
halogens on said alkyl groups are not in an
alpha—position with respect to said L atom unless they
are fluoro atoms; each $ group is independently
selected from the group consisting of F and -C CRl,
wherein Rl is selected from the group consisting of
R, L'R,, Q1L+R3, L*Rz_Ql.L‘LRS,:L+R2Q1L+R2Q1L+R3, wherein
R is defined as above and Q  is selected from a group

consisting of alkyl, alkenyl, alkynyl, arvl,

alkoxyalkyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl and

ferrocenyl, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions
thereof can be substituted with a member selected from
halogen and hydroxy groups; and b is an integer of from
1 to 3.

72. The complex of Claim 71, wherein said
transition metal comprises rhodium in the +1 valence
state.
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73. An anion quaternary salt ligand of the

1.- 1
3B QLR2
the group consisting of trivalent P, As and N; each R

formula R wherein each L atom is selected from

is independently selected from the group consisting of
alkyl, alkenyl, alkynyl, aryl, alkoxyalkyl,
aryloxyalkyl, alkoxy aryl, aryloxyaryl, ferrocenyl, and
fluoro groups, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions '
thereof can be substituted with a member selected from
halogen and hydroxy groups, with the proviso that said
halogens on said alkyl groups are not in an alpha
position with respect to said L atom unless they are
fluoro atoms; Q is a member selected from the group
consisting of alkyl, alkenyl, alkynyl, aryl, alkoxy-
alkyl, aryloxyalkyl, alkoxyaryl, aryloxyaryl, and ferro-
cenyl, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions
thereof can be substituted with a member selected from
halogen and hydroxy groups aﬁd wherein said Q group has
a+l points of attachment to L atoms; J is selected from

the group consisting of LR,, LR-Q'-LR,, LR-Q -LR-Q'LR

2 2’
+ 1 .+ 1 .+
L RZ—Q -L RZ—Q -L R

2’

+ + 1 .+ 1+
L RS’ L Rz Q -L RS’ 2 LR-Q -L R3

and L+R2—Q1-LR2, wherein Ql is selected from the same
group as for Q except that Ql groups have two points of
attachment to L atoms; and single or multiply charged
inorganic or organic, non-solid anions of J having
charges sufficient to balance the charges from
the L' moieties X~ is a member selected from -CO
-503—, —SOZ—, TPO§, and —RPOZ—; each Rl group in-
dependently represents a member selected from an R

2"'1

group and a group Ql(Jz)a, wherein said R is as defined
above; and a is an integer.of from 1 to 2; Qz

/4, WIFQ AR
N\ piatyy
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represents a group Q as defined above except that Q2
can be substituted with -X  or —A_R3 groups, wherein X,
A, and R are as defined above; and J2 represents a
member selected from the group consisting of LRz,
LRQlLR2 and LRQLRQLRZ, wherein L, Qz and R are as
defined above.

74. A complex comprising a group IB, VIB, VIIB or
VIIIB transition metal and an anion quaternary salt
1ATQLR! wherein each L atom is

3 2
selected from the group consisting of trivalent P, As

ligand of the formula R

and N; each R is independently selected from the group
consisting of alkyl, alkenyl, alkynyl, aryl,
alkoxyalkyl, aryloxyalkyl, alkoxy aryl, aryloxyaryl,
ferrocenyl, and fluoro groups, wherein the aryl
portions thereof can be substituted with a halogen and
the alkyl portions thereof can be substituted with a
member selected from halogen and hydroxy groups,

with the proviso that said hélogens on said alkyl
groups are not in an alpha pbsition with respect to
said L atom unless they are fluoro atoms; Q is a member
selected from the group consisting of alkyl, alkenyl,
alkynyl, aryl, alkoxyalkyl, aryloxyalkyl, alkoxyaryl,
aryloxyaryl, and ferrocenyl, wherein the aryl portions
thereof can be substituted with a halogen and the alkyl
portions thereof can be substituted with a member
selected from halogen and hydroxy groups and wherein
said Q group has a+l points of attachment to L atoms; J

is selected from the group consisting of LR

2!
LR—Q]‘-—LRZ', LR—Ql—LR—QlLRz, L+R3, L+R2-—Q1—L+R3,
+ 1 7+ 1 .+ 1 _+ + 1
L'R,-Q -L'R,-Q -L"R,, LR-Q -L'R; and L'R,-Q -LR,,

wherein Ql is selected from the same group as for Q

oMPL
zszVﬂrO ~§N

&
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except that Ql groups have two points of attachment to
L atoms; and single or multiply charged inorganic or
organic, non-solid anions of J having charges

sufficient to balance the charges from the LY moieties,
X~ is a member selected from -CO,-, -SO;-, -S0,-,

-PO~, and -RPO.-; A~ is selected from Al  and B’

)

eacg Rl group ?ndependently represents a member
selected from an R group and.a group Ql(Jz)a, wherein
said R, is as defined above; and a is an integer of
from.l to 2; Q2 represents a group Q as defined above
except that Q% can be substituted with -X_ or —A—R3
groups, wherein X, A, and R are as defined above; and
J2 represents a member selected from the group
consisting of LRZ’ LRQlLR2 and LRQLRQLRZ, wherein L, Qz

and R are as defined above.

75. A method for preparation comprising reacting
(1) a compound selected from the group consisting of
R,LLR,, R,LOH, R,LH and RZLH," wherein each R is
independently selected from the group consisting of
alkyl, alkenyl, alkynyl, aryi, alkoxyalkyl,
aryloxyalkyl, alkoxyaryl, aryloxyaryl, ferrocenyl, and
fluoro groups, wherein the aryl portions thereof can be
substituted with a halogen and the alkyl portions
thereof can be substituted with halogen groups, with
the proviso that said halogens on said alkyl groups are
not in an alpha position with respect to said L atom
unless they are fluoro atoms and the R groups are
stable at the reaction temperature; and wherein L is
selected from P and As; and (2) a material having M-0-C
or M-O-M bonds, said reaction being conducted at a
temperature sufficient to cause reaction between said

compound and said material.
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This International Searching Authority found muitiple inventions In this international application as follows:

I. Compounds & Methods V. Catalytic €onversion
II. Compound VI. Photoreaction Process
III. Composition VII. Composition

Iv. Composition VITII. Catalyst Mixture

1.@ As ali required additional search fees were timely pald by%pllcant.qgmggm search report covers all searchable claims
of the International application.

zf_'_] As only some of the required additional search fees were timely paid by the applicant, this international search report covers only
those claims of the International application for which fees were paid, specifically claims:

No requlired additional search fees were timely paid by the applicant. C quently, this international search report is resiricted to
the invention first mentioned In the claims;itis covered by cla!m numbers:

Remark on Protest
D The additional search fees were accompanled by applicant’s protest.
@ No protest accompanied the payment of additional search fees.

Form PCT/ISA210 (supplemental sheet (2)) (October 1977) IS




