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ABSTRACT

The compound [3,3-(Ph3P) 2-3-H-4- (polystyry l methyl )-3,l ,2-RhC2B9H10] ( I )

wa~ synthesized from {(Ph3P)3RhCI] and [9-(polystyryl methyl )-7,8-C289H11 ] M ~

(II; N = Na or K). Characterization of (I) includes infrared , visible , and

X-ray photoelectron spectroscopy and elemental analysis. The polymer-bound

carborane (II) was isolated from the reaction of (7,8-C2B9H11 )
2 wi th

~;errifield’s peptide resin. Complex (I) is an active catalyst for the hydro-

genation of olefi ns, with a rate roughly comparable to its homogeneous anal-

ngue [3,3-(Ph3P) 2— 3—Ii-3 ,l ,2-RhC2B9H11 ](tII).
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Sir:

Considerable interest has recently developed in the ~ tachment of

homogeneous transition metal catalysts to insoluble supports in order to aid

in product isolation and in catalyst retrieval.~
’5 This concept of supporting

active catalytic molecules was initially devel oped6’7 by biochemists who uti-

lized bound enzymes as their catalysts . Inorganic approaches to this area have

centered on anchoring transition metal catalysts to both polar supports8’9 such

as silica and to non—polar supports 10
~~
4 such as functionalized organic ’ poly-

mers either directly or via bound ligands)0~~
3’ 1 5-20

We wish to report the synthesis and characterization of [3,3— (Ph3P) 2-3—H-4—
(polystyrylmethyl )-3,l ,2—RhC 2B9H10] ( I ) , the first suppt~ ted metallocarborane

catalyst (polymer-bound by a carbon-boron bond), and an analogue of the previous-

ly reported21 homogeneous hydrogenation catalyst [3,3-(Ph3P) 2—3—H-3 ,l ,2—RhC 2B9H11 ]

~:I). The preparation of polymer catalyst (I) outlined in Scheme 1 involve d

tne intermediate preparation of M~
’(9-(polysty rylmethyl)-7,8-C2B9H11~ ( I I ; M =

Na ,K) by reaction of dicarbollide dianion 22’23 wi th chloromethylated polystyrene

pol ymer24 (Merrifield’ s peptide resin) in the presence of dibenzo-18-crown-6.

The crown ether was used as a catalyst to aid in the transfer of dianion into

the lipophilic polymer. Reaction of the carborane substituted polymer (II) wi th

[(Ph3P) 3RhC1] yielded the rhodacarborane polymer-bound catalyst (I).
Supported metallocarborane catalysts exhibit a distinctive advantage not found

in previously explored polymer-bound catalysts . Systems in which a triaryl phos-

phine ligand is attached to the polymer and serves as the metal-polymer flnk-

age ,12’13’~
7’25 requires reversible phosphine dissociati on in the catalysis mech—

anism and may be susceptible to eventual loss of metal content. The strong nw’t.al-

carborane bond should be retained and the catalytic metal center rendered immobile.

Scheme 1
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The al ky la tion of ( 7,8-C2B9H11)

2 wi th alky l halides had been found pre-

viously to occur at the boron atom adjacent to the carbon in the open penta-

gonal face (positions 9 and 11 ) and to a lesser extent at the boron atom in

between and below the two carbon atoms (position 3)•26 Heating the 9-isomer

(R = Me, and Et) at 65° for short periods completely isomeri zes it to the 3—

isomer.26 Al kylation of (7,8-C2B9H11)
2’ wi th benzyl chloride under identica l

reaction condi tions with which the polymer is made yielded a 4:1 mixture of the

9-benzyl and 3-benzyl substituted cage. Based on these findings , we believe

that the carborane in (I) and (II) is predominantly bound to the polymeric

benzy l groups at the 9—position , and to a somewhat lesser extent at the 3—

position.

The infrared spectrum (t~Br) of (9-(polysty rylmethyl)—7,8-C2B9H11~~ ( I I )

exhibits a strong VBH stretch centered at 2058 cm
’1 . Compound (II) is a

white solid wh ich is stable in air for extended periods . However, (II) was

handled under an inert atmosphere whenever possible to prevent contamination

with water as K(C2B9H12) is quite hygroscopic.
23 Elemental analysis of (II)

demonstrated the i ncorporation of 6.72% boron. (C = 79.24, H = 8.11 , K = 1.30,

Na - 0.69, and Cl = 0.00%). These data suggests quanti tative cage incorpora-

tion into the chioromethylated polystyrene matrix.

The infrared spectrum (KBr pellet) of [3,3-(Ph3P) 2-3-H-4-(polystyrylmethyl)—

3,l ,2-RhC2B9H10] (I) contai ns a B-H stretching absorption at 2560 cm~ and a weak

VRhH stretch at 2080 cm* No other characteristic bands were observed due to

the low concentration of eithedded metal complex and also to the obscuration of

several spectral regions by the polymer-backbone . Compl ex (I) is a bright yellow air-

I
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stable material with a color i dentical to that of its homogeneous analogue [3,3-

(P’-~P),-3-H—3 ,l ,2—Rh(C2B9H11 ] (III). Elemental analyses of several preparations

of the polymer-bound complex (I) were determined and are typified by the follow-

ing figures: C = 76.76, H = 6.88, B = 4.90, Rh = 4.42, P = 2.33, and Cl = 0.62~L.
27

This analysis established ratios of cage/Cl = 2.9,27 Rh/cage = 0.85; and P/Rh =

1.8.28 The residual percentage of the compound not found in the analysis was

4.09%, presumably, due to the presence of oxygen along with some sodium or potas-

sium .27 Other determinations of (I) established cage/Cl ratios of 0.37_5.2,27

Rh/cage ratios of 0.27-0.85, Rh/P ratios of 1.75-2.7, and residua l percentage of

undetermined elements of 2.9_5.4~.
27
~
28

The diffuse visible reflectance spectra of both [3,3-(Ph3P) 2-3-H-4-(polys tyryl—

thyl)-3,l,2-RhC2B9H10] (I) and [3,3-(Ph3P) 2-3-H-3 ,1 ,2-RhC 2B9H11 ] (III) were

i~c~sured (relative to MgO). Both spectra are identical in shape and exhibited

broad absorption wi th a maxima at 444.5 rim . Measurement of the visible and UV

spectrum of (III) (C6H6) reveals two absorptions at: 415 nm (c = 930 2/ Mcm) , and

325 nm (c = 9,500 L/Mcm), the latter of which appears as a shoulder on an intense

charge-transfer band. The two bands arise29 from transitions from 1 A 1 ground

state to 1T1 and 
1T2 upper states. The extincti on coefficient of the absorption

at 325 rim is increased by intensity stealing from the charqe transfer band.

The X-ray photoelectron spectra (ESCA) of both (I) and (III) were measured

for the phosphorus 2p3,2, boron is , and rhodium 3d5/2 and 3d3/2 levels. The

phosphorus and boron signals in (III) and (I) are broad but of nearly the same

shape and have their maxima at: boron at 188.7 and 188.9, and phosphorus at

131.4 and 131.4 eV , respectively. The rhodium levels for (III) and (I) were

found at: 3d3/2 at 312.4 and 312.5, and 3d5/2 at 307.8 and 307.9, respectively.

This data is shown graphically in Figure 1.

Fi gure 1
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In general , valence electron binding energy levels as measured by the X-ray

photoelectron spectroscopy do not change much with an oxidation state change.31 ’32

Rhodi um foil exhibits its 3d312 and 3d5/2 levels at 311.8 and 307.0 eV, respec-

tively. However, small differences in the core 3d levels are significant 31 and

the close agreement between the maxima for the rhodium levels in (I) and (III)

suggest that the majority of the rhodium atoms incorporated into the polymer

beads (at least at the surface) have an identical chemical environment to the

rhodium atoms in [3,3-(Ph3P) 2-3-H-3,l ,2-RhC2B9H11 ]. These measurements are only

indicative of the surface environments . However, with a highly porous polymer

cons i derably more surface area may be exposed than with a norma l crystal. Meas-

urement of the UV photoelectron spectra (UPS) may yield a more definiti ve com-

parison as UPS measures valence levels and is therefore more sensitive to oxi-

dati~n state changes.32

The beads (I) in an amount equivalent to a lO~ M sol ution of (III) in

benzene isomerize 1 -octene (0.3 M) within 24 hours at 400 to a mixture of 1-

octene (14%), trans-2-octene (65%), and cis-2-octene (20%). Reaction of (I)

with deuteri um gas at 300 psi and 45° for 2 days yielded tan beads with a con-

siderable amount of cage-deuterium incorporation as shown in the infrared.33

The compound [3,3-(Ph3P) 2-3-H-4-(polystry lmethy l )-3,l ,2-RhC2B9H10] ( I )

was found to be an efficient catalyst for the reduction of (blocked) alkenes

to alkanes as has been demonstrated21
~
34 

for its homogeneous analogue [3,3-

(Ph3P) 2-3-H-3,l ,2-RhC2B9H11 J (III). Kinetic runs of (I) were made in a flask

containing a vortex pl ug with a hole through the center so that polymer beads

would remain suspended in the solution (and not be deposited on the walls of

the flask above the solution level), and with a stir bar rotating at maximum

speed. The rate of reduction may be diffusion controlled and a more effi-

cient stirring system might Increase the rate somewhat. Hydrogenation of 

..
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3,3-dimethyl -1 -butene (0.39 M) using the bead catalyst (I) proceeded at a

rate of 2.45 x 10~~ ml H2 (1 atm)/mi n x mg (I) (or 9.52 x 10~ mol /m in x g ( I ) )

at 40.0° in ortho—dichlorobenzene solution and ethyl acrylate reduction in

ortho-dichlorobenzene wi th (I) (at 0.67 M ethyl acrylate) occurred at an initial

rate of 3.79 x 10~~ ml H2 (1 atm)/mi n x mg(I) (or 4.7 x l0~ rnol/mi n x g(I)).

Under a hydrogen atmosphere and in the presence of alkene solutions bead

catalyst (I) is yellow . Upon consumption of the olefin the beads change to

a brown color. The homogeneous catalyst (III) shows no such color change in

the absence of oxygen. Elaborate measures to exclude oxygen failed to prevent

the color change in hydrogenation reactions of (I). However , with 3,3-dimethyl-

1-butene the supported catalyst (I) has been observed to go over 250 turnovers

(per Rh atom) without changing color , and to continue hydrogenating 3,3-dirnethyl—

1-butene roughly 20% slower for an additional 280 turnovers (the length of the

experiment) after becoming brown . No color change has been observed over a

period of several weeks for (I) in air either as a solid or in solution. At-

tempts to induce the color change by reaction of (I) with air either in the

presence of 3,3-dimethyl-l-butene or in its absence left the beads an unchanged

yellow color after severa l days . The reason for the color change after hydro-

genation is not known at this time .

In addition to the method we have demonstrated for the attachment of carbor-

ane cages to polymers, a variety of new routes and extensions to polymeri c me-

tallocarbora nes may easily be envisaged . Considerable derivati ve chemistry of

carboranes exists which would allow not only the attachment of the polymer to

cages in various locations , but also homo- and co-polymeri zations of monomers

already containing boron cages.35’36
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Scheme 1. The synthesis of [3,3_ (Ph3P) 2_3_H_4_ (polYStYrYlmethyl)-

3,1 ,2—RhC 2B9H10].
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Figure 1. X-ray photoelectro n spectra (ESCA) of [3,3-(Ph3P) 2-
3—H—3 ,l ,2—RhC 2B9H11 ] ( I I I )  and [ 3,3—(Ph3P) 2-3—H— 4—
(polystyrylmethyl )-3,l ,2—RhC 2B9H10~ ( I) .

_______________________________________________ 
,-“..S— -

~
—

~~~~~~
--- -.-,--

~~
-— --- - -- .-  r - A



- S

/

1~. ~~

• — . -
&- 

S

0
I I

’
ii. C
(i) ) 5

’

C) I

’

~~

U- 5 . -

H.

:.T .
—5.--—--- - )5

’- _ ,
.I (i.1--—.5

4
C) ‘\ I I..
c_fl <

‘ 
~‘~~- ~•s:’

( . n) Li.~
5, 

I
_-I

�ir ~
H

1~
4

_
~~~~~~J

•~~~ 
_—~~~~~~~~~~

- . - - ——.— S. ~~___~__  __•~5-~~~~~_~~~__  . — -.5- . - -  - “ I
(‘

~ X f l ( -~7 ~‘‘ ‘  ~ ~ ! ~~~ 
Ill

~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _



_ _ _ _

UNCLASSIF IED 
— _______

~ L~s U ~~~ V C L A S S I F I C A T I O N  ~)F T~~~, P A G E  ‘ 54 ..,, !)at.. F u.,.ds

DEDADT r nr .IILAELITAT IAIJ DA ~~E READ INSTR UCTION S 
—

.jr , ~~~~~~~~~um r~ ~~~~ i~~~’ 
I 

~~~ flF FORE COMPLE TING F( ) R M
- ~ P R T  NUM NIR GOVT ACCE SS lON NO ‘ R E C I P I E P 4 T ’ S  C A T A L O G  NUMBER

— 

TecP-nical Report 97 ‘
a - •, c TYP E OF REPORT & PERIOD C’~ V E P E D

Pr~par tion of [3,3-(Ph~P) 2— 3—H—4- (polystyryl- Inter im
methyl )-3,l ,2-RhC2B9H10]: Polymer-Bound Metallo ___________________—

~rborane Catalyst 
E~~~ o MING ORG. R E P O R T

— . - ..~~ R. 0 C O N T R A C T  OR G R A N T  N t , M R E R .

A. Sosinsky , W. C . Kal b , R. A. Grey, N00014-76-C-039OUski , and M. F. Hawthorne
—~ NC O~4 C A N I Z  A n ON N A UF A N O  A D D R E S S  0 P R O G R A M  ELEMENT , P R OJ E C T . T A S K

A R E A  & W O R K  U N IT  N U M B E R Se University of Califor~ia
~‘ep.rtment of Chemistry “ NR 053-608
L~s Angeles , California 90024 

_____________________

~O L L I N C  O F F I C E  NA M E  A N D  A D D R E S S  I REP’)RT D A T E  
— -

Chemistry Branch October 25, 1977
Office of Naval Research N U N R E R O F  PAGES 

— —

Washington, D.C. 20360 ______________________
I .. ~ R,N. ., A G E N C Y  N A ME A I C . O R F S S  ‘ I  ~~~~~ 5~o,,, Cnnt,oIISn ~ Oih,s.I 5. E L U R I T Y  C L A S S .  (of thu r •port)

~~ISo D E C L A S S I F I C A T I O N  D OW N G R .’ O I N( .. 
—

__________________________________________________________ L
R I R U T I O N  S TA T E M F N ~~ ..‘S “s R.rnrt

Approved for public release; distribution unlimited

~ IS T  p le u r l o N  S T A T E M E N T  ,,l 5.. aR.?,., , .nt.,.d i n  Rlock 20 . If dSIf.,.n? Iro n h i’orl)

10 ~~)PP’ C M r P I T A R Y  NO T F’  
—

15 KEY WOR DS (Confl nu, on r.r. ,.. aid. SI n.c... ~~~y ~~d Sd.ntlfy by block numb.r)

Polymer-Bound Rhodacarborane
Alkene Hydrogenation
Isomerization Catalyst

2~~~~~~~~~ DA C ’  (ConUnu. on ,.v., .. .Sd. If n.c...~~~ ~~d Sd.ntl~~ by block numb.,)

he compound [3,3-(Ph~P)~-3-H-4-(polystyrylmethyl )-3,.l,2-RhC~B4Hlh]( I) w~s
synthesized from [(Ph~P)~RhC1] and [9-(polystyrylmethyl )—7,8—C~B~Hf1]~ Mt (T I ;
M = Na or K). Characteri zation of (I) includes infrared , visibl e , and X-ray
photoelectron spectroscopy and elemental analysis. The Rolymer-bound carbor—
ane (II) was Isolated from the reacti on of (7 8tC~B~Hf1 )~ with £1errifie1d’~Peptide resin. . ..-Complex (I) Is an active catalyst for’ the hydrogenation of
olefins , w ith I’r

2~
ate rough1~ comçarable to its homogeneous analogue [3,3-

(Ph2p~..—3-H-3.1~ ~hC2R2H11 ( II L
DD , ~~1473 E0ITION”~,~~ I NOV 55 IS OSSOLETE UNCLASSI FlEDS/N OIO2 L 014 6601

5ECURI~~Y CLA SSIF ICAT ION OF TIASS r 4G 1 ‘W an ‘at. ~nlW.d)

_ _ _ _  - - -~~~~~~~~~~~~~~~ .  _ _



- -~~~~ - - - - - - ~~~~~~~~~ - -— - . .
~0~~

F

I

APPENDIX



, , - ---- - ---- - - . . - - S -- --- -S

TECHNICAL REPORT DISTRIBUTION LIST

No. Copies No. Copigs

Offi ce of Naval Research 2 Defense Documentation Center 12
Arlington , Virginia 222l’7 Building 5 , Cam3 ron Station
At tn: Code 472 AlexandrIa, Virginia 22314

Office of Naval Research 6 U.S. Army Research Office
Arlington , V i rgin Ia 22217 P.O. 8o~ 12211A ttn: Code 1021P Research Triangle Park , No. Carol ina

Attn : CRD-AA- IP 27709
ONR Branc h Of fice I

536 S. Clark Street Coninander
Chicago , Illinois 60605 Naval Undersea Research an’1
A ttn : Dr. George Sandoz Development Center

San Diego , California 92132
ONR Branch Office 1 Attn : Technica l Libra ry, Code 133
71: Broadway
N-~ Y3r’~, New Yor k 10003 Nava l Wea pons Center
Atfn : Scientifi c Dept. China Lake , California 93555

Attn : Head , Chemistry Division
ONR Bra nch Off i ce 1
030 East Green Street Naval Civil Engineering Laboratory
~asadena, California 91106 Port Hueneme , California 93041
Af tn: Dr. R. J. Marcus Attn : Mr. W . S. Ilaynes

~R Branch Office 1 Professor 0. Heinz
,~~~~~

‘ 

~~~~~ Street, Rm. 447 Dept. of Physics and Chemistry
San Francisco , Califo rnia 94102 Naval Postgraduate School
A ttn . Dr. P. A. Miller Monterey, California 93940

ONR ‘~ranch Office 1 Dr. A. L. Slafkosky
495 Sumer Street Scientific Ad”isor
Boston, Massachusetts 02210 Conrlandant of tht’ Marine Corps
Attn : Dr. L. H. Peebles (Code RD-l)

Washington , D.C. 20380
• Di rector, Naval Research Labora tory

Washington , D.C. 20390 Dr. W. N. Lipscomb
Attn : Library, Code 2029 (ONRL) 6 Department of Chemistry

Technical Info. Div. 1 Harvard University
Code 6100, 6170 1 CambrId ge, Massachusetts 02138

The Asst. Secretary of the Navy (R&D) 1 Dr. R. M. Grimes
Department of the Navy Department of Chemistry
Room 4E736 , Pentagon University of Virginia
Washington , D.C. 20350 Charlottesville, Virginia 22903

Conii~ander , Naval Air Systems Comand 1 Dr. M. Tsutsui
Department of the Navy Department of Chemistry
Washington , D.C. 20360 Texas A&M University
A ttn: Code 310C (H. Rosenwasser) College Station , Texas 77843



- 1LCHNICAL REPORT DISTRIBUTION LIST

Dr. C. Qu i cksall 1
Department of Chemlstrj
Georgetown University
37th and 0 Streets
Washington , D.C. 20007

Dr. D. B. Brown 1
Department of Chemistry
University of Vermont
Burlington , Vermont 054W

Dr. Alan Siedle 1
National Bureau of Standa,cls
Department of Comerce
Chemistry Section
Washington , D.C. 20375

Dr. W. B. Fox 1
N~val Research Laboratot ’,
Chemistry Division
Code 6130
Washington, D.C. 20375

Dr. R. J. Lagow 1
University of Texas
Department of Chemistry
Aus tin, Texas 78712

Dr. A. Cowley 1
University of Texas
Department of Chemistry
Austin , Texas 78712

Dr. W. Hatfield 1
Un i versity of North Carolilla
Department of Chemistry
Chapel Hill , No. Carolina ~Thl4

Dr. D. Seyferth 1
Massachusetts Inst. of Technology
Department of Chemistry
Cambri dge, Massachusetts O?139

Dr. M.  H. Chisholm 1
Princeton University
Department of Chemistry
Pr i nce ton , New Jersey 08540

Dr. B. Foxman 1
Department of Chemistry
Brandeis Univers i ty
Waltham , Massachusett.~ 02154


