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2. STATEMENT OF PRUBLEM

;

%e recently diséovered that highly reactive metal powders can
be prepared by the reduction of metal salts trom ethergal'of hydro-
carbon sblvents. Common reducing agents are potassium, sodidm,
lithium, or other reducing agents of higb enough potential. The
reduction yieids the metal in a finely divided state. Metals
studied to date exhibit far superior reactiyity towards organic and
inorganic substrates to that described in the literature for theée
metals, We recently'have'shown that.this_approach'w1ll work with
transition metals including nickel, palladium, platiﬁum, coSalt,
iron, and uraniﬁm, We proposed to study the chémistrj ot these
highly.reactive metals, We wished to examine thése metals 1n a
variéty' of oridative~insertion reactions, preparation of zero-~-
valentvderivatives, and catalytic reactions. Several new orgaho;

metallic complexes with potential catalyiic activity were proposed.
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B. SUMMARY OF KeSULYS

1. Cobalt -

Cobalt powders prepared by the lithium reduction of cobalt
chloride in glyme in the presence of a catalyt;c.quantity of naph-
ehalene.as an electron carrier were feund to have a reaetivity'tOf
wards certain organic halides comparable to that of metal powders
prepared by the metal atom vapor technique. . For example, cobalt

powders reacted with C_F_I to glve solvated Cb(C’FS)2 and Col,

6 5 2°
The former was isolated in 57% yleld as Lo(C6F5)2(Pbt3)2 after the
addition of'PEt3. . Similarly CGESB: reacted?with cobalt and PEt, to
give the samé product in 29% yield. | | |
‘Reaction of dichlorodxphenylmethane.with cobalt powiers at

room temperature proceeded to give the coupling product, tetra-

’phenylethylene, in yields up to 70%. sdqe attempts were made to

trap the diphenylceibene moiety or its cobalt complex by addition
of cyclohexene or phOSphine ligands respectively. ‘These ettempts
wer2 not successful however. | | | |
The cobalt emplOyed in these reactions was generated over a
period of 6-18 hours or more.at room' tempetatute using a catalygzc
amount of‘naphthalene; Although the kinet‘cs of particle growth
under these condxtzons (in the presence of alkalx metal salts and
strong donor solvents) are unknown. to us, it seemed reasonable that
the smallest and presumably most teactlve cobalt partxcles were
being lost due to sintering with the formation of larger less reac-

tive particles or lost through reaction with the solvent.
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Preparation of the metal at lower temperatures was therefore ex-

pected to atford a more highly reactive metal by decreasing the

rate of particle growth and reaction with the solvent. 1t was soon
discovered that at low temperature (-20 - -78°C) reductions went to
compleﬁion much more slowly thanvthose done at room temperatufe;
We attributed this to a kinetic eftect in the initial electron

transfer from the alkali me.al Lo the naphthalene. In addition,

the solubilities of cobalt halides ‘and lithium naphthalide were:

much lowér at low temperature.

In order to avoid the slow electron transfe; problem, we have
begun to use preformed lithium naphthalide solutions. These were
prepared at temperatures above 0°C by treating the required amounf
of lithium in glyme with a greater than stoichiometric quantity of

naphthalene. . Such solutions constitute a very powerful'reduc;ng

‘medium which will eventually start to reduce the solvent especially
‘at or above room temperature., Thus an excess amount ot naphtha;ene
was used to assute‘rapid and complete dissolutien of the‘llthlu@;w
~ The solution of lithium naphthalide was cooled to -20 ;v-78°¢ and

the cobalt halide added as a dry powder or as a slﬁrry 1n cold .

glyme, These reactions took place within an hour or two as evi-

"deneed by the dxsappearance of the dark green naphthalide color,

These reductxons were probably not homogeneous owxng to the low

solubxlzty of the cobalt hallde and because a large portxon of the

lxthxum naphthalxde had frozen out of solutlon. The metal powders"

p:epated using this modified procedure were undoubtedly more fxnelyv

divided than those obtained by prevxous methods. This tact was
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obvious in the much slower sedlmentétion rates obsé:ved for the
powders prepared by the new method. Some metal remained suspended
in the solvent ‘even after prolonged centritugation. We estlmated'
that no more than a tew percent of the cobalt remained suspenaed
however, |
In a related experiment, cobalt powder from a potassium naph?
thalide réduced cobalt chloride was examined usihg eEsSCA, These
studies revealed the presence cof elemental cobalt and cobalt Oxide
and/or hydroxide on the suriace of the powder particleS»as.Qell as
carbon, cationic potassium and anionic chlorine. Sputterlhg pro-
files showed that the atomic percent composition ot cobalt, potas-
’ sium and chlorine increased to a depth oflgg; 30 A and that the oxy-
gen content decreased to a depth of ca, 90 A. Beyond these depths'
the atomic percent'composition was essentially invariant to at
least 210 A. Scanning Auger micrOQtaphs indicated a fairly uniform
surface distribution for any particulat element, &E£lemental anal-
ysis of the powder gave the following percent compositlons: c,
5.06; H, 0.60; Cl, 31.07; K, 35.17; Co, 23.53. Powder diffraction
'.»photograph§ of this cobalt sample showed only lines attribuéable to
potassium chloride. From tpese data we concludéd'that elemental
cobalt yés prgsent‘in a potassium chloride mAEELx and that thé co-
balt was-either amorphordus or was less than 0.l.microns'in size
'such that it p:oduced‘an undeteqtably,diffhse X-ray diffractioﬁ
pattern. . | | | ' ‘ )
Using cobalt prepéxed aécording to the lithium haphthalide
' procedure we have su{:ceededv n .p;épating dicobalt ocﬁacarbény.l

under - relatively mild conditions, The freéhly pteparedﬂgetal'was‘
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washeé with tresh glyme and hexane'and then treated in hexane with
carbon monoxide at 95 atm for several days at 110°C. From this re-
action a 79% yield of CoZ(CU)8 vas isolated. a ;eparate exper iment
showed that most of the. reaction had occurred in the first 48 hours

when conversion to the carbonyl was tound to be 73% complete. In

~ other expcriments, a 47% yield was obtained 'in 16 hours under simi-

lar conditions and a 17% yield atter two hours at room temperature.

Cobalt powders that have been washed and dried reacted exothermi-

4cally with carbon monoxide, however very little Coz(CO)'8 was iso-

lated. Elemental analysis of the reccvered metal showed an enor-
mous increase in the amount of carbon présent by contrast to the
metal before treatment with carbon monoxide. The ﬁate of the oxy-
gen_fzom the carbon manxide is présently unknown. The analyfical.

data have effectively ruled out the formation of cobélt'oxide in

.any appreciable quantity.

We ‘have not as yet lcoked at the organic chemistry of the

lithium naphthalide derived cobalt powders in any detail, One re-

action we did try was the reaction of cobalt with 1l,4-iodonitro-

benzene. Not all of thé products of this reaction were charac-

te;ized. 1£ was found that at leaét i2% of the starting material
suffe;ed attack at the nitro_group'and not at the expected site,
the phenyl-iodine bong." The startihg material.‘ﬁad reductively
coupled vié the niitoqen aﬁoms oﬁ'the nitro group to give 4,4;661—
iodoazobenzene and - 4,4‘-diiodoézoxybenzene' in roughly . equal

amounts (6%). In a related experiment, cobalt was reacted with;nx-

' trobenzene resulting in a 38% yield ot azobenzene,

' - . 5
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2.  Copper
Activated copper was prepared by the reduction of cupric bro-
mide with lithium in THF at -78°C 1in the presence of a catalytic

amount of naphthalene according to the foliowxng‘equation.

. THF
CuBr., + 2 L1 S
2 | 10% C | hg

30 hr, -78°C

e Cu

A well behaved reaction was used to study the reactivity of
the copper powders and to determine the combination of starting
materials -and reaction conditions thch.wbuld produce the most
nighly reactive form of metal. The probe tegction used to assess
thé reacthity'df the copper was the ﬂllman coupling 6f orgénic

halides.

2. KX + 2 Cu - LHE 3=  R=Kr + CuX

2

When allyl bromide and ortho-iodonitrobenzene were used for the or-

ganic halides, the following results were obtained.

g)!ield of w-Kk

RX ' Temperature 1 hour 2 hours
allyl bromide . 25°C ' 57% 60%
ortho-1C.H,NO, . ' 65°C - 25% .

674772 o | -
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At room temperétufe coppér powders vaplidly sxntereﬁ fo form
larger unreactive aggfegates, therecore the metal halide reductions
had to be done at lower temperature., Under sucb conditions, ap;
proximately two days were required tor complete reduction. To

shorten the reduction time, we began to use preformed solutions of

“lithium naphthalide in THF, To these solutions, .the copper halide

was quick;y added at room temperature. Under these conditions, the

reductions were usually complete after 0.5 hour and gave a much

more reactlve torm of copper as shown by the following results.

$ yield of K-k

RX Temperature | 1 hour 2 hours
‘allyl bromide " 250C 87% 99%

" ° ~
Cebsl 65 9 | 49% 56%

Changing the solvent for the Eouplihg reaction to a higher
boiling ether, such as dioxane, and increaslng the Cu/KX ratio from

1/1 to 2/1 optimized the coupling reaction.

KX Solvent = Temperature ‘ K=K
L6h4anur . diOxane i '- lOl°p A : 92
" allyl bromide ' THF - ' 65°Cc 99
CSPSI o dioxane 10l°c . 91
orthch6n41N02 dioxane 101°¢C S 81




reduction of the more soluble organosultide or phosphine com-
plexes of Cu(l)' at 0°C in ThF gave a copper powder of even great<r

reactivity whicih coupled organic halides in good ydelds under mild

conditions.
§ vield of R-R
RX Copper. 5alt 2 hr at 25°C 24 hr at 65°C
CehsCh b | | Cul(Put3) 92 _ 95 -
ortho-C6n41N02 Cull(Pr;t3) 76 , 87
ortho-C6h4BrN02 (.u(.llb(Ch3)2] - o 87

When CGFSII was reacted with coppet' prepared from C‘ui (Px:;ta) -and-

the mixture quenched 1in Qater, an 80-90% yield of the redluced pro-
duct, pentafluorobenzene, was obtained to the comylete exclusion of
the 'couplzqg product', decafluorcbiphényl. Quenching t.he reaction
mixture with D20 gave 'deuterOpentaﬁluo:obenzene in 92% isotopic
purity. It, after adding the CeFgl, the THF was,réplaced with a
higher boiling solvent such as més:.tylene, and then teunzoyl chlor-
ide addgd at reflux, pentéfluorobgnzopheuone was Eormed in_' 25%

yield, These data suggested that we were ,formixi§ _the organo-

" cuprate complex, C*sFSCu‘(Ph;t:;) diréctly from ‘th’e"atyl halide and

copper metal, The phosphine ligand ilﬁparﬁ:_-exceptiona‘l, stabi.lity_
th the complex and elevated temperatures were Eeguired to force

this complex to undergo typiéal otgano-chpt.ate .c‘hemistry with ben-

éoyl chlor ide.
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3.  Magnesium

A new preparation éf active magnesium was first reported by us
1n 1972 and expanded upon 1n the following years. ‘The early method
of activaticon used elemental potassium to reduce‘magne51um salts
partially dissolved in refluxing ethereal solvents. Certain metal’
salts present during reduction, particularly potassium iodide, dra-
matically increased ithe reactivity of the magnesium powders pro-
duced. A variety of Substrgtés were reacted with the magnesium
from this Mg/K/Kl1 recipe to show its versatility.

Under the auspices of the Aray Grant, much additional work has
been accomplished. A new redpction method hés been developed,
"using Li as the teduéing aéent. Because of Iithium's high melting
point an elecfroﬁ carrier must be employed. Naphthalene is the
carrier of choice, being commonly available and giving more active
Mg than biphenyl. The amount of election carrier employed was not
critical, but 5-10 moi% naphthalené, based on lithium, gave reduc-
tion times of 8-15 hours. | |

The reactivity of this new form of magnesium was compared to
that obtained using the previous method and commer;éal magnesium.by
preparing the‘Grignard Reagent of para-chlorotoluene and quanti-
_fying the toluene tormed after hydrolysis. The results are sum=~

‘marized here.
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$ Grignard Formation

Maénesxum source Temp. 5 min = 10 min 3¢ min €0 min
Commercial 22°C 0 _ 9 0 0
MgCl/K/KI - 0°C 26 46 73 85’
MgCl,/Li/naphthalene  0°C 30 60 85 96

In addition to the obvious safety benefits, the lithium re-
duced magnesium was slightly more reactive, and reductions could be
pecformed at room temperature. Also the need to dry and anhy-

drously weigh Kl was removed. The lithium chloride and naphthalene

could be removed by simply allowihg the slurry to settle, decanting

the supefnatant, washing with fresh solvent; ang éhen repeating the
process. By this method, 98% qf the naphthalene and 78% of the
lithium chloride coulad be removed., Further washings removed addi-
tional amoﬁnts, however in mbst cases no washings were necessary.
Typically, Grignard chemistry has Beén_ limited to organic
halides. It is not always convenient to convert the intended reac-
tion site to a halogen; We havé‘therefore investigated the use of
other'ﬁonhalogen leavin§ groups. fOSyla;eé_wete prime candida;es

since they are formed under base catalyzed cdndigions and would

compliment the acid conditions used to geﬁeréte organic halides.

The tosylates have, to date, given only coupling products when re-

acted with activated isagnesium. This was eiéec:ed, since Grignard

'Reagéhts were known ‘to readily couple with tOSylates.' it

10
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is probable that by using proper conditions, any’Grlgnard chemistry'
in addition to coupling may be accomplished. The'followtné are

some representative reactions.

Mg/ ROT . Tosylate . Result

2.5 Ph'CHZUTs 84% PhCHZLHZPh
2.0 ' PhUl's - no reaction
1.0 : ' TsO(Chz)Guls 1sO(Ch2)n0{s! n = 36

At reflux, dibenzyl ether underwent fotmal insertien of mag-
nesium into its C-0 bond. The Grignard tormed was carbonated and

hydrolyzed to give phenylacetic 'acid in 30% yield. This seems to

be the only example of a Grignard Reagent formed from”an ether.

There are examples of ether cleavage, however these do not include
any Grignard type reactions, We are,curtently investigating other
pseudo-halides such. as nitriles, triflates and carbonates.
Another'siénificant development was the formation of Gtignard
Reagents ftom 3-haloethers Upon formatlon of the teagent at room
temperature, cyclxzatlon to cyclopropane thh concurrent el.mxna-

tion of alkoxlde immediately occurred. 051ng activated magne51um[

‘the Grignard Reagent may be formed at -78°L and reacted in the ex°

pected tashion. This react1on has opened new areas of ergnard

~chemistry which were prevxously closed due to the thermaltznsta~

bility of the Grignard Reagent,

1
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4. Palladium ‘

Highly reactive palladium powders have béen.genératéd by sev-
eral routes. Two early methods involved the rgduCtidﬁ:of»pailadium
‘halides or their triorganophosphine complexes thh potaSsiﬁm in re-
fluxing THF or glyme. These powders were found to be‘mﬁcﬁ more're-
acfive than those prepared unéer similarc conditidhé 1n diefhyl'
ether, aromatic or aliphatic hydrocarbons. We havé aisoAdiscovered
thét,palladipm powders prepared fr-om prefo:mgdfphosphihe complexes

or phosphine complexes prepared in situ were more reactive than

those powders prepared ffom the uncomplexed.pailaéium halides.

With the exception of metal prepared by me;al-aﬁom vapor iza=-
tion techniques there had been no reports priog té‘our york of pal-
ladium undergoing oxidative addition across a carbon halogen bond.
Palladium powders.prepazed‘from the palladium halide triethylphos--
phine complexes were tound to be reactive . towards oxidative addi-
tion across carbon halogen bonds and carbon pseudo-halogen bonds

with the following results,

Organic h#lide- Complex | _ .”%ufié}d
| CgFgBr o | Pd(zs_r)'(vchs)*ZPﬁvt‘,’ . 76
c6h5c1 E ‘ | Pd(Cl) ‘96”5)*293t3 . o ..54‘1
CeltgBr. L Pd(Br) (CH)*2PEtL, 63
| CgHl - | PA(I)(CgHg)*2pkt; .52
CegCN ' PA(CN) (C H, ) *2Pst, 26

J.iz.




~complexes, Pd(PK

-~
3

The last reactior in the table was particularly intereétlng since

it suggested that insertion of the transition metal 1nto a carbon

_cyanide bond had occurred.

| There existed some questions about the nature of the paliadlum
formed in these reactions. Ceftaln low oxidation state palladium
3)n' n = 3,4, are known to attack carbon halogen
bonds and such spécies could have formed under the conditions used

in our early experiments., In order to remove theSe ambiguities we -

began to use lithium and a catalytic quantity ot naphthalene to re-

Guce uncomplexed palladium halides. Using a catalytic quantity of

naphthalene and excess lithium, we found that approximately 2.6
equivalents of lithium were consumed in the reduction’of PdClz;
Elemental anglysis showed that tﬁe black powders obtained contained
mofe L;ihium than could be accounted for as lithiﬁm chloride. At
least one alloy of pallaéium and lithium was known, however our X-
ray powdef diffraction work failed to reveal any such material.
The x-fay data were intetﬁreted as showing crystalline palladium '
meta1~(cotfobora£ed with ESCa ¢été) lithium and lithium chloride to
be present | |
Palladlum powders prepared in this way were £ound to react
with the powertul electrophile LG 5I at reflux in glyme to ivé

Pa(C FS)(I) glyme in 16%'isolated yleld 'This complex cdhtain da

}:weakly bound molecuﬁe of glyme which was ea51ly displaced by a

variety of llgands thh the results shown.




Ligand Product % Yield
. ~ 3 * .

pb§3 PA(C F.) (1)*2Put,y 77

BIPY Pd(CéFs)(l)*BIPY 59

- A g WY h * . -

skt, lPd(CGbs)(I) Skt ], 38

1,5-COv Pd(Csvs)(l)*(l,S-CUD) 19

In these reactions the glyme adduct was not isolated but was 1in-

‘stead treated with the desired ligand.

Palladium powders prepared by this new route were found to re-

~act with aryl and benzyl chlorides and bromides at room tempera-=

- following results.

ture, Nc organometallic' complexes were isolated, however the or-

ganic products obtained dpon hydrolysis were identiried with the

RX/Pd. 501vent'

$ Yield at 1 hr

RX 'k-B  R-R R-X.
 p-chlorotoluene  0.827 . THF . 3 |6 56
| p¢brombtoluene " 0.326 K Thad 88 0 10
benzyl chloride . 0.323 glyme 54 (38 0
p-chlorotoluene '0.328 . ' glyme 25 3 66

The reiatively high ratio of reduced produéts to coupled products .

shgéeéted that, as'in the case of the cOpper_experiments, a fairly -

stable organométallic,intermediate had.formed.'
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. L1ST OF PARTLICLPATING SCIENIIFIC PERSUNNEL

Postdoctoral Students

(a) Dr. A.V. Kavaliunas, Ph.b. University of lowa, now with kast-
man Kodak, Recchester, New 7ork. ‘
(b) Dr. G.L. kochfort, Ph.L., University of Minnesota, now with

Monsanto Co., St. Louls, Missourl,

Graduate Students

(a) David Delguidice, M.S., September'1984, now with American
Starch, New Jersey. " |

(b) Greg Lbert, still wo?king.towards ?h.b.

(c) T?mothy Burns, still working towards Ph.D.

(d) 'Pefacy Li, Pn.D,, August, 198i, now with IBM, KResearch

Triangle Park, North Carolina

Undergraduate Students
Elizabeth Burkhardt, now a graduate student at University of

California-Berkeley. - - _ ,
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