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Sir:

he utility of rhodium carborane complexes as catalysts for industrially
important processes has been demonstrated.*” As part of our research effort
in this areal:f,ue recently prepared 3,3-(PPh§)§-4-C§H§N—3.1.Z-RhCEBgﬂfB(I) and
its carbonyl derivative 3-PPh§33-C0-4-C§HgN-3,1,2-RhC§BQH{5(II) in order to as-
certain their catalytic activity.tifEigftural parameters for either of these

molecules are of interest due to the paucity of data on formal Rh(I) carboranes,

and the renewed interest in the orientation of ML2 fragments of d8 metals with
respect to the open face of a carborane anions'lo in metallocarborane complexes.
We therefore undertook the structure determination of (II) by single crystal
X-ray diffraction.

The parent complex (I) was prepa:ed in the following manner: NaH and
9-CoHeN-7,8-CBHy !! were stirred in tetrahydrofuran (THF) until H, ceased to
evolve. This solution was then immediately introduced to a THF solution of
Rhc1(PPh3)3 and was heated at rev'ux for one hour in an inert atmosphere. The
product was isolated as blue-black crystals from ethanol/THF. An infrared spec-
trum of the complex showed bands due to coordinated phosphine and carborane frag-
ments. The carbonyl adduct (II) is rapidly formed in high yield by passing CO
through a THF solution of (I).

Crystal data: [P(C6H5)3]CORhCZBgH]OCSHSN(II) M = 603.7, triclinic, space
group P1, a = 10.743(4), b = 10.339(4), c = 14.210(5) R, a = 96.11(2)0. B =
79.11(2)°, v = 115.25(2)°, Z = 2, u(Mo),, = 7.56 cm"'. Data were collected on
a Picker FACS-I four circle diffractometer at -154°C and the structure was
solved by s;andard Patterson and Fourier techniques. Full matrix least squares
refinement of all atomic positions conve;ged to an R factor of 0.037 (2874 ve-
flections).
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The molecule is illustrated in the figure along with some pertinent in-
teratomic distances. The most noteworthy feature of the structure is the con-
figuration of the Rh(CO)(PPh3) fragment with respect to the carborane monoanion.
A comparison of bond distances of the rhodium atom from the c283 face (Rh-C(av-
erage)-Rh-B(averago) = 0,031 A) and the small value of the slip parameter (A =
0.02 A) enables us to classify this structure as closo. Additionally the C-C
bond length (1.630(7) X) is consistent with the non-slipped nature of this me-
tallocarborlnc.lo This result is in agreement with other work which has illus-
trated that in addition to the electronic configuration of the metal and the
heteroatom nature of the cluster, the m acidity of the ML2 ligands affects the
degree of slip in netanocarboranes.7'8 A comparison of slip parameters of three

d8 complexes displays this trend which is in accord with the relative m acidity

Complex Lo Ligand(s) A
: 0
3-[CZH4(NMe2)2]-3.1.Z-PdCZBgH]] C2H4(NMe2)2 0.52 A
3,3-(P P 26 A
»3-( Me3)2-3,1,2-PdCZBQH]1 ( Me,), 0.26 A
0
(11) (€0)(PPh,) 0.02 A

of the ligands. This trend also illustrates the effect of the 5e](y)-d
molecular orbital on the ML2 fragment s1ip. As the degree of backbonding from

this metal orbital increases, its energy and effect on the geometry of the com-

Plex decreases. This trend is also in accord with the smaller d-p promotion

energy of Rh relative to Pd.
The orientation of the Rh(CO)(PPh3) moiety is unexpected. Theoretical
studies have shown that the most stable conformation of d8 ML2 fragments is

parallel to a 1ine joining the two ortho carbon atoms.9 In the present struc-

ture the Rh(CO)(PPh,) fragment is rotated approximately 90° from this expected
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orientation.

Presumably this is due to steric interactions between the 1igands
and pyridine ring.

The pyridine moiety can be regarded as an “innocent" 1igand. The boron

atom bonded to this aromatic ring exhibits an average B-B distance (1.813(6) R)
which compares favorably to the average B

of the CZB

-B distances of the other boron atoms
3 face (1.795(6) 2). The distance of the ring from the Rh atom

v A AP

‘ (Rh-N 3.144(8) 2) Precludes any interaction and the tilt of the aromatic ring

with respect to the carborane cage is dictated entirely by crystal packing forces,
rather than electronic interactions.

Presumably the pyridine ring exhibits un-
hindered rotation in solution.

Solutions of (1) and (2) are catalysts for the hydroformylation reaction.

Detailed studies aimed at determining the active catalysts in these reactions are
underway.

Acknowledggggnts

The authors wish to thank Dr. B. Sosinsky for providing the crystal for the

X-ray experiment. We also wish to thank the National Science Foundation for the
purchase of the Picker Diffractometg[~£§rant No. CHE76-05926).
was supported in part by the Office of Naval Research.

This }esearch




References

1.
2.

T. E. Paxson and M. F. Hawthorne, J. Am. Chem. Soc., g§. 4674 (1974).

R. T. Baker, R. E. King, C. Knobler, C. A. 0'Con and M. F. Hawthorne, J. Am.
Chem. Soc., 100, 8267 (1978). '

T. Paxson, R. T. Baker, M. Delaney and M. F. Hawthorne, manuscript in prep-
aration.

E. H. S. Wong and M. F. Hawthorne, J.C.S. Chem. Commun., 257 (1976).
C. W. Jung and M. F. Hawthorne, J.C.S. Chem. Commun., 499 (1976).

H. M. Colquhoun, T. J. Greenhough and M. G. H. Wallbridge, J.C.S. Dalton, 303
(1978).

H. M. Colquhoun, T. J. Greenhough and M. G. H. Wallbridge, J.C.S. Chem. Commun. ,
322 (1978).

D. M. P. Mingos, J.C.S. Dalton, 602 (1978).

D. M. P. Mingos, M. I. Forsyth and A. J. Welch, J.C.S. Chem. Comnu;w., 605 (1978).
D. M. P. Mingos, M. I. Forsyth and A. J. Welch, J.C.S. Dalton, 1363 (1978).

D. C. Young, D V. Howe and M. F. Hawthorne, J. Am. Chem. Soc., 91, 859 (1969).




= ! Figure 1. A molecular pPlot of (I). Some pertinent
3 distances are Rh-P 2.284(2), Rh-c(0) 1.795(6)
2 : Rh-C(cage)ave 2.298(5), Rh'Bave = 2.263(6),
: B'Bave 1.783(5), C'Baveo"7°6'(22) Rh*-*N ; ‘<







T
1FIED

1 ; SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
k| REPORT DOCUMENTATION PAGE npreaP IISTRUCTIONS
E 1. REPORT NUMBER / . GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

R Technical Report No. 104 r :

- M. TITLE (and Subtitle) §. TYPE OF REPORT & PCRIOD COVERED
! Metallocarboranes in Catalysis 4. The Molecular Interim
Structure of 3-PPh3-3—C0-4-C5H5N-3,] ,2-RhC239H10 6. PERFORMING ORG. REPORT NUMBER
Lf._iu_'rncnm 8. CONTRACT OR GRANT NUMBER(S)
"Raymond G. Teller, Joseph J. Wilczynski, and N00014-76-C-0390 /

" M. Frederick Hawthorne

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEM!NJT'. PROJECT, TASK
y % / AREA & WORK UNIT NUMBERS
The University of Cal1forn§é

Department of Chemistry NR 053-608
Los Angeles, California 90024
1", CONTROWG’O&';;NAME AND ADDRESS 12. REPORT DATE
s April 30, 197
Office of Naval Research 3. uuulgr yr rgcs 2

Washington, D.C. 20360

T4, MONITORING AGENCY NAME & AODIESS(H ditferent from Controllirg Office) 15. SECURITY CLASS. (of thie report)

| Unclassified
|
y

SCHEDULE
16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

=t e — .

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

[19. KEY WORDS (Continue on reverse eide If necessary end Identily by block number)

Homogeneous hydroformylation catalysts
Non-s1ipped molecular structure of d8 metallocarborane

20. ABSTRACT (Continue on reverse side If nececsary and identify by block number)

The preparations of (PPh )thCZBQH]O-CsHsN and (CO)(PPh3)RhCZB H19-CgHgN
are described solutions of goth complexes catalyze the hydroformy al?on re-

, action. -The crystal structure of the latter complex is reported and the non-
g slipped nature of the complex is reconciled with recent theoretical work.

FORM
i ooty b e UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Data Bntered)




LB T W i B

>
—
[=]
=
w
o.
Q.
<<




TECHNICAL REPORT DISTRIBUTION LIST

M. Copies No. Copies
Office of Naval Research 2 - Defense Documentation Center 12
Arlington, Viw~ginia 22217 Buildir3 5, Cameron Station
Attn: Code 472 Alexandria, Virginia 22314
Office of Naval Research 6 U.S. Army Research Office 1
Arlington, Yirginia 22217 P.0. Box 12211
Attn: Code 102IP 1} Research Triangle Park, N.C. 27709
Attn: CRD-AA-IP
ONR Branch Office 1
536 S. Clark Street Naval Ocean Systems Center
Chicago, Illinois 60605 San Diego, California 92152
Attn: Dr. Jerry Smith Attn: Mr. Joe McCartney
ONR Branch Office 1 Naval Weapons Center
715 Broadway China Lake, California 93555
New York, New York 10003 Attn: Head, Chemistry Division
Attn: Scientific Dept.
Naval Civil Engineering Laboratory 1
ONR Branch Office 1 Port Hueneme, California 93041

1030 East Green Street
Pasadena, California 91106
Attn: Dr. R. J. Marcus

ONR Branch Office 1
San Francisco Area Office

One Hallidie Plaza, Suite 601

San Francisco, Calif. 94102
Attn: Dr. P. A. Miller

ONR Branch Office 1
495 Summer Street

Boston, Massachusetts 02210
Attn: Dr. L. H. Peebles

Director ]
Naval Research Laboratory
Washington, D.C. 20390

Attn: Code 6100

The Asst. Secretary of
the Navy (R&D)
Department of the Navy

Room 4E736, Pentagon
Washington, D.C. 20350

Commander
Naval Air Systems Command
Department of the Navy

’ Washington, D.C. 20360

: Attn: Code 310C (H. Rosenwasser)

Attn: Mr. W. S. Haynes

Professor 0. Heinz

Department of Physics & Chemistry
Naval Postgraduate School
Monterey, California 93940

Dr. A. L. Slafkosky
Scientific Advisor
Commandant of the Marine Corps

(Code RD-1)
Washington, D.C. 20380

Office of Naval Research
Arlington, Virginia 22217
Attn: Dr. Richard S. Miller

Dr. R. M. Grimes

University of Virginia
Department of Chemistry
Charlottesville, Virginia 2290)

Dr. M. Tsutsui

Texas A&M University
Department of Chemistry
College Station, Texas 77843

Dr. C. Quicksall
Georgetown University
Department of Chemistry
37th & 0 Streets
Washington, D.C. 20007




s SRS 3 r

b g

Lt

e

E

AR PO YA T

TECHNICAL REPORT DISTRIBUTION LIST

No. Copies No. Copies
Dr. D. B. Brown 1 Dr. J. Zuckerman ]

University of Vermont
Department of Chemistry
Burlington, Vermont 05401

University of Oklahoma
Department of Chemistry
Norman, Oklahoma 73019

Dr. W. B. Fox 1 Dr. G. Geoffrey 1
Nava! Research Laboratory Pennsylvania State University
Chemistry Division Department of Chemistry

Code 6130 University Park, Pennsylvania
Washington, D.C. 20375 16802

Dr. J. Adcock 1
University of Tennessee
Department of Chemistry
Knoxville, Tennessee 37916

Dr. A. Cowley 1
University of Texas

Department of Chemistry

Austin, Texas 78712

Dr. W. Hatfield - 1

University of North Carolina

Department of Chemistry

Chapel Hill, North Carolina
27514

Dr. D. Seyferth 1
Massachusetts Institute

of' Technology
Department of Chemistry
Cambridge, Massachusetts 02139

Or. M. H. Chisholm 1
Princeton University

Department of Chemistry
Princeton, New Jersey 08540

Dr. B. Foxman 1
Brandeis University

Department of Chemistry
Waltham, Massachusetts 02154

Dr. T. Marks 1
Northwestern University
Department of Chemistry
Evanston, I11inois 60201




