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Organocobalt complexes were previously postulated as intermediates in the
homogeneous hyvdrogenation of various substrates catalyzed by potassium penta-
cvanocobaltate(II)!. Two methods have now been found for the preparation and
isolation of such complexes. The first involves addition of the hydride species,
Co(CN);H 3, to activated oletins. The secend involves reaction of pentacyano-
cobaltate(II) anion, [Co(CN);i3—, with organic halides. The latter method was found
independently of Halpern who recently described the reaction with alkyl and benzyl]
halides.

RESULTS AND DISCUSSION

Stoicltiomelry
Methiod r. The addition of {Co(CN);H 3~ to butadiene was previously indicated
to occur in the following manner!:

[CoCNL I3 & CiHy ———- [CoiCON35(C, H 3~

It has now been found possible to isolate the butenyl complex so formed. «,8-Un-
saturated carbonvls and nirtriles, as well as vinvi halides, apparently add in a similar
manner to vield the adducts characterized in Table 1. The product formed with vinyl
chloride is formulated as a vinyl, rather than chloroethyl, compiex on the basis of its
infrared spectrum and reaction with iodine. Presumably, it is formed via the following
addition-climination sequence:

TCo N3 = CHL -CHCl ——= [Co{CNi;(CHCICH, )13~

FCoCN i CHOICH - —— [Co{UN}(CH ~CH,)33~ + HCl

A vinvl analog of vitamin B,. coenzyme has been reported to be formed using vinyl
bromide?.

AMethod 2. The reaction of aqueous solutions of {Co{CXN);:3~ with allyl halides 1s
formulated in the following manner?®-:

2{Co1CN)33 -~ CH,=CHCH,N » [Co{CN)5(CoH )T~ + [Co(CN} X33

Other organic halides are assumed to yvield similar mixtures of halo- and organocobalt
complexes, characterized in Table 2, on the basis of spectral evidence. Infrared spectra
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422 J. KWIATEE, J. K. SEYLER

TABLE 1

INFRARED ABSORPTION BaxDS oF [Co{CN);H 3-—orLeFIN apDUCTS

Olefin C=N Stretch (¢cm™1) C=C Stretck (cm™1)
CH,=CHCH=CH. 2092 1609
CH,=CHCOC,H, 2103 1601

15952

157
CH,=CHCNXN 2195 —

2093

CH.=CHCl} 2100 1562

= No assignment of these peaks can be made at present.

of the isolated products exhibit two main cyanide absorption bands of approximately
equal strength in the vicinity of 2123 and 2095 cm™, respectively. The former band
is characteristic of halocvanocobaltate(III) component, while the latter is charac-
teristic of the organocyanocobaltate(I1I) complex (cf. Table 1 and ref. z). While allyl
chloride, bromide or iodide could be emploved in formation of the allyl complex, the
latter two substrates gave considerably faster reaction rates and better yields. lodides
were the only halides successfully emploved in the formation of simple alkyl com-
plexes. Reaction with ethyvlene dibromide led to the exclusive formation of ethylene.
The separation of methyl and benzyl complexes from their co-formed halo-complexes
has been reported=.

TABLE 2

INFRARED ABSORPTION BANDS OF Co{CNj} * ~HALIDE PRODUCTS

N Stretch {em~ty  C=C Stretck (cm™})

Halids C=

CH,=CHCH.Br 2124, 2092 1509
CH,CH=CHCH,Br 2I24, 2092 1609
CH,COCH.Br 2E28, 2103 1622 (shia

1607, 1595 {sh)

1571
CeH,COCHBrCH, 2130, 2104 160¢, 1593

15703
Xceg ct 22038, 2201 —

2127, 2103

C,H;,CH_ Br 2122, 2092 1503
CH,LI 2120, 2037 —
Ch,CH.I 2122 2035 —_
CH,CH.CH.I 2124, 2083 —
CH,CH.CH.CH.I 2124, 20353 —
(CH,}.CHCH.I 2r2y, 2082 —
C,HN\.C 2123, 2100 1562

2 Xo assignment of these peaks can be made at present.

\Vhile hvdroxopentacvanocobaltate(III) may be reduced by [Co(CN);Hi*~,
certain organocyvanocobaltate(III) complexes are not (see following section). Ad-
vantage of this difference in reactivities mayv be taken in preparing organocobalt
complexes associated with lesser amounts of inorganic complexes without resorting
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to physical methods? for separation of these two types, formed in equimolar amounts
in the reaction of organic halides with {Co(CN};i3-. E.g., the successive addition of
small quantities of methyl iodide or benzyl bromide to [Co(CN);H*~ in a hydrogen
atmosphere vields complexes rich in the organocobalt component. Under these con-
ditions the inorganic component is reduced to [Co{CN);i3~ which is then recycled by
further reaction with organic halide. The reactions involved and the overall result are
shown below:

2{Co(CXN)3i* + RX —— [Co{CN);R}3~ + [Co(CN), X3~

[CofCX)s X1~ -+ [Co(CN)H}*~ + OH~ — 2[Co(CN);]*~ + H,0 + X~

[Co{CN)gH3*- ~ RX + OH- > [Co(CXN);Ri3~ +~ H.O + X—

A side reaction is direct reduction of the organic halide to the corresponding hydro-
carbon. The method can be emploved where such side reactions occur to only a minor
extent.

Cobalt analvses of the complexes prepared via the above methods showed them
to be impure. However, analyses for carbon and nitrogen, calculated as carbon-to-
nitrogen ratios, indicated the amount of organic radical incorporated and defined
the stoichiometryv of the complexes. These values, reported in Table 3 for selected
stable complexes, correspond well with the values calculated for the structures
assumed. Enrichment of the methyl and benzyl complexes formed by incremental
addition of the respective halides to {Co(CN);H 3~ in a hydrogen atmosphere mayv be
clearly seen.

TABLE 3

ANALYSIS OF COMPLEXES

Substralz °5 C % N CiN, found C|N, theory
Cif.=CHCN 21.85 19.25 1.32 1.33%
CH.=CHCl 20.27 165,29 I.45 1.304
CgH ,COCH.LBr 2:.69 16.12 .03 1.80b.c
NCCH.Cl 16.95 1S.15 1.09 1.09®
CgH CHLBr 21.59 15.76 1.62 1.70b
C HCH.Br 25.80 15.33 1.96 2. gou.d
CH,lL 17.00 17.15 1.10 1.10b
CH,! 18.35 17.46 1.23 1.20¢.d
12-CyH_I 19.82 17.05 1.30 1.30%

« Calculated on the basis of K3TRCo{CXN);>. ? Calculated on the basis of K;7TRCo(CN);T +
K,'XCoiCX); . ¢ ¢-Complex assumed. ¢ Enriched complex prepared by incremental addition
of substrate to ‘Co(CXN);H 3~ in a H, atmosphere.

Structure

A number of observations demonstrate the direct attachment of the organic
grouping to the cobalt atom in the various complexes prepared by either method. The
proton magnetic resonance spectrum of a freshly prepared deuterium oxide soluticn
of allyl complex (Fig. 1) shows the presence of a o-, as well as minor quantities of azz-,
bonded structure. The g-allyl group is gradually converted entireiy to the z-allyl
arrangement (Fig. 2), presumably through loss of a cyvanide ligand; the o-bonded

J. Organometal . Chem., 3 (19635) 421-432



424 J- KWIATEK, J. K. SEYLER
structure immediately reformed upon addition of cvanide ion (Fig. 3)*. Although the
exact location of the z-allvl group with respect to the metal and the arrangement of
the cvanide ligands are not known, the structure of the z-allyl complex (II, R = H)
is based on its proton spectrum®, formation from the g-allyl complex (I, R = H)" and
conversion to the o-allyl complex8.
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Fig. 1. Proton spectrum of allvi complex {freshly dissolved in DLO)
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Fig_ 2. Proton specirem of alivl complex {after 2.5 hours in DO}
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Fig. 3. Proton spectrum of allyvi complex {KCN added after 2.5 hours in D.OL

Analogous o- and sz-struciures have been proposed as determining the “‘stereo-
selectivity’"® of the butene product obtained in the pentacyanocobaltate(II)-catalyzed
hvdrogenation of butadiene!-f. Thus, 1-butene, the predominant product obtained
in the presence of excess cyanide ion, is believed to derive exclusively from a c-butenyl
complex intermediate. frans-2-Butene, the greatest amount of which is formed in the
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absence of excess cvanide, may derive from either az-butenyl complex or an isomeric
c-buteny] complex in equilibrium with the z-structures shown below.
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The butene products formed by reacting isolated butenyl complex with [Co(CN) H3-
prepared at various cvanide-to-cobalt ratios also show this stereoselectivity.

The proton spectrum of a fresh solution of buteny! complex in deuterium oxide
displavs three resonance groups and is similar to that of an iron-¢-2-butenyt com-
plex!®, but not to that of =-(r-methyvlallvl)—cobalt tricarbonyvlI!l. The exclusive forma-
tion of 1-butene on protonation of the butenvlcyranocobalt complex provides evidence
for the o-2-butenyl structure (I, R = CH;,)5, such also being obtained in the addition
of other transition metal hyvdrides to butadiene® '®. Decomposition of the complex
in solution renders the observation of o-z rearrangement difficuit.

Formulae (III), (IV} or (V) may be used to represent the phenacyl complexes.
Since they have not been obtained in a pure state, only spectral analyvsis may be
relied on in attempting to distinguish between them.

cl:s“"s (l:eHs /C5H5
C C .C
o ehr auc” o R—CZ Y
H,
S b &
(1L (1V) V)

The infrared absorptions occurring in the range 1570-1622 cm™! may be
assigned to either C=0 or C=C stretching frequencies. This range is considerably
lower than the carbonyl region of alkyl aryl ketones (1685 cimn—1) but includes that of
certain dibenzovlmethane chelates (Nill, 1595 cm™1).

J- Organometal. Chem., 3 (1965) 421—432



426 J- KWIATEK, J. K. SEYLER

Although interpretation of the proton spectra is dificult due to the unknown
effects of the cyanocobalt group on the organic ligand, the data obtained from the &-
and z-allvl and (cyanomethyljcyvanocobaliate complexes indicate that methylene
protons adjacent to the cobalt atom have chemical shifts o.4-0.9 ppm further down-
field than those in comparable iron!?-22 and cobalt® 1! carbonvls. Thus, the single peak
at 3.05 ppm obtained for the CH, group of the phenacyl complex is that expected for
(V. R = H) rather than (III) or {IV), although two proton peaks are required for
such a forrulation. A possible explanation for the single peak is that a solution of the
phenacyl complex in D,0 may consist of structures (III) and (IV} in rapid equilib-
rium®. Addition of cyanide ion did not affect the proton spectra. Similarly, the
multiline resonance at 4.4 ppm obtained for the CH group of the methviphenacyl
complex is that expected for (III, R = CH,;) or {V, R = CH,) rather than (IV). In
summary, no definite conclusion can be reached about the bonding in these com-
plexes with the data at hand, and their representation? as (V') is arbitrarv.

The identity- of the complexes prepared by either method, as well as the cobalt—
carbon bonding present, is evidenced by the ready release of RC;H; from
ColCN);(CH.CH=CHR)*-, where R = H or CH,, upon treatment with acid® or
Co(CXN)H™3-:

CH, CHCH CHy Y200, r(oiCN)(CH,CH CHRyj»- 202

H- or, CoiCX)H -
v

RC,H,

RCH CHCH,Br

The reaction witn Co(CXN);H *~ supports the intermediacy of such organocobalt
complexes in the catalvtic hydrogenation and hudrogenolusis of the respective sub-
strates!. 3.3,

An alternate pathway,, not involving organocobalt intermediates, is indicated
in the reduction of phenyvl vinyl ketone and phenacyl halides catalvzed by penta-
cvanocobaltate(Il)**. Although the identity of the complexes prepared by either
method is evidenced by the ready release of C;H;COCH,LR from K _,Co{CXN),-
{CsH,;COCHR). (R = H or CH,; x = 1 or 5} upon treatment with acids, addition of
iCo{CNX);H ™ gives only low vields of C;H,COCH,LR:

C,H,COCH-CH, T8 00 CNLICH,COCHR: 3~ <=8 ¢ pp cocHBrR

H-. :

: ICoiCNY H3- . v iCo.CN7, H -
s CeHLCUCH R amm - 000

| S -

These results indicate that either an organocobalt intermediate is not involved in the
catalvtic hvdrogenation and hvdrogenolvsis of the respective substrates or that an
initiallv formed o-bonded complex (III) or (IV), is capable of reaction with
{Co{CX}j3H 3> while the r-oxaallyl complex (V) is not.

The hydrogencivsis of alkyl and benzyl halides catalyzed by pentacvano-
cobaltate(II})?* does not involve organocobalt intermediates as shown by the lack of
RH formation from [Co(CN);R3~, where R = alkyl or benzyl, upon treatment with
[Ca{CN}sH 3. The reaction of these complexes with acid® also does not result in the
formation of RH. Attachment of the organic group to the cobalt atom in these com-
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plexes is indicated byv the following reactions: () isobutyl complex releases iso-
butene on standing; (2) halogenation of methyl®> and propyvl complexes vields the
corresponding alkyl halide; (3) the complex obtained from vinyl chloride and
{Co(CN)gH 3 yields vinyl iodide on treatment with iodine. The latter evidence, as
well as the infrared spectrum of the complex which exhibits a carbon—carbon double
bond stretching frequency at 1562 cm™1, supports its formulation as a vinyl complex.
The iodination may take place either by direct cobalt—carbon cleavage or a two-step
addition—elimination as follows:

[CO(CN)(CH~ CH,i*~ —i— [Co{CN){(CHI.CH,)]*~ — [Co(CN)sIJ*~ -+ CH,—CHI

Stabilities

The butenyl complex is unstable. Its solution in water under a nitrogen atmos-
phere gradually evolves an equimolar mixture of butenes and butadiene, suggesting
the following mode of decomposition®:

TCo{CN1;5{CH;)33 = [Co{CN)HI* <+ C,Hg

Co{CNIgHI3 -~ + [Co(CN}5(CH.)I*~ —= 2{Co(CN)3- + C,H,

The mixture of organo- and halo-complexes obtained from allyl bromide and penta-
cvanocobaltate(Il) slowly evolves propene when dissolved in water. Addition of
alkali prevents this decomposition but does not affect that of butenyl complex.
Presumably aquation of the accompanving halo-complex releases protons which
effect decomposition of the allyl complex. An attempt to convert the allvl complex
to the n-propyl complex by hydrogenation in the presence of 109, Pt on carbon
resulted in cleavage of the allvl group (¢f. ref. 10).

Primary n-alkyvl and benzyl complexes are stable, their infrared spectra showing
little change after long periods of time. They, as well as vinvl complex, are unaffected
by treatment with hydrogen in the presence of Adam’s catalvst. Iscbuiyl complex,
however, slowly formed isobutene, presumably with elimination of hydride complex:

{COiCNIICHCH{CH )11

» [Co(CN);HI3~ + CH,=CI(CH,Y,

Attempts to prepare isopropvl or tezé-butyl complexes from the corresponding iodides
vielded predominantly the respective dehyvdrohalogenation products, proepylene and
isobutene. Either such complexes are unstable or the elimination reaction does not
involve organocobalt intermediates. It is noteworthy that while the isopropyl com-
plex, C;H ,W({CO),(iso-C,H3), is stable below 60°, it could not be prepared by the
reaction of Na’C;H;\W(CO);® with isopropyl] halides!. In another series of alkyl com-
plexes, C;H Fe(CO).R, the isopropyl complex was found to be less stable thermally
than the n-propyl analog, while a ferf-butyl complex could not be preparedis.

Mechanism
A plausible mechanism for the reaction of pentacyvanocobaltate(II) with organic
halides involves radical intermediates:

[Co(CN)s%- + RX

[Co(CN)s X3~ + R®

[Co(CN) ] + R* — [Co(CN),RI3-

J. Organometal. Chem., 3 (1963) 421—432
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Isolation of alkyl-acrvionitrile adducts from the reactions of either #n-propyi or iso-
propyl iodide with pentacvanocobaltate(Il) in the presence of excess acrylonitrile
supports this mechanism (cf. ref. 17). Furthermore, dimeric species are formed from
benzhvdryl, tritvl or tropvlium halides. Reaction with benzenediazonium chloride

recnlts in tha avalutinn af nitrngesnr and farmation of 2 comnley which annearc tn
ACOWILD Iii LI1U UYUAWULAULL sra LHLAUSLII €ALANI AUSLAZIGAALIVAY VI ‘_‘l‘lly‘\- s Y ALESYSS) ¥ 8 “yl}\-md LAV 4

contain a phenyl-cobait bond?®; arvl radicals are involved in similar processes®®.
Radical intermediates have also been proposed in the homogeneous reduction of
alkyl halides by chromous salts!®.>,

Further work on the formation and reactions of organocvanocobaltate(I1I)
complexes and clarification of the role of certain of these in catalvtic hvdrogenations
is being carried out.

EXPERIMENTAL

Metkod 1

K, Co(CN)}(C;H:) . An aqueous solution of K, Co(CX};H™ was prepared as
previously described!, 200 m! of K,iCo(CX);’ =olution (0.15 3 cobali, o.15 3 KOH,
CX/Co = 6.0} absorbing 349 ml hydrogen at o—35°. A total of 88 ml of this cold
solution was injected in approximately 30 ml increments via a hypodermic syvringe
into a2 flask, equipped with a stirring bar magnet, surrounded by an ice bath and
containing a butadiene atmosphere. After absorption of butadiene was complete, the
resultant solution was added to Soo ml of acetone and the aqueous laver decanted
from the brown oil which settled out. Addition of ethanol to the «il vielded a tan
powder which was collected on a sintered-glass filter, washed with several portions
of ethanol followed bv ether and dried bricfiv in vacro.

The proton spectrum of a solution of the complex In DO displaved an un-
resolved doublet 2t 5 = 1.71 (rel. intensityv 3), an unresolved triplet at 5 = 2.356
(rel. intensity 2) and a multiline resonance centered at 3 = 5.5.

The solid in a sealed vial evolved gases, noted by pressure release on opening
the vial. An aqueous solution in 2 nitrogen atmosphere gradually evolved the following
compounds In the relative amounts shown: 1-butene (36}, frans-z-butene (53), cis-
z-butene (g} and butadiene (ror:. Addition of aqueous solutions of K,7Co(CX);H’
to the solid vielded butenes, the composition of which depended on the CN/Co ratio
present. ££.g., a solution of K; Co(CN};HT prepared at CN/Co = 5.1 vielded 1-butene
(£7), trans-2-butene (52) and cis-2-butene (1); at CX;Co = 6, 1-butene (82), fraus-
z-butene {17} and cis-2-butene (1); and at CX/Co = 7, 1-butene {97}, fraits-2-butene
(2} and cis-2-butene (1). Addition of hydrochloric acid to the solid vielded 1-butene,
exclusivelv

r— s Co(CNY(CsH ;COCHCH ;)7 A similar addition of K;7Co(CX);H” solution
(CXiCo = 3.1} to 4 g phenyl vinvl ketone®! in an inert atmosphere followed by
1solation of the complex in the above manner gave a gelatinous vellow precipitate
which was difficult to druv. The proton spectrum of a D,O solution of the complex
consisted of a multiresonance peak centered at 8 = 4.30 (CH), a doublet at 3 = 1.69
{CH,) and aromatic peaks at § = S.o1.

Acidification vielded propiophenone, identified by IR and V'PC. Additionof 6.8 g
of the complex to an aqueous K;/Co{CN);H] solution (CN/Co = 5.1) with stirring
in a hydrogen atmosphere followed by ether extraction yielded o.17 g propiophenone.

J- Orzanomnetal Chen:., 3 (19635) 321-332
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Acidification of the resultant solution ivielded an additional 0.78 g propiophenone.

K,iCo{CN);(CH,CHCN)1. Addition of K,{Co(CN);H] solution to 20 ml acrylo-
nitrile in like manner vielded a solid, the IR spectrum of which disglayed two cyanide
absorption bands at 2195 and 2098 cm™, the former being due to the cyanoalkyl
group. A similar addition of an iron hyvdride to acrvlonitrile has been reported2.
Pyrolysis vielded propionitrile as the major product, identified by IR and VPC. The
proton spectrum of a D,O solution consisted of a multiresonance peak at § = 2.47
(CH) and a doublet at § = 1.573 (CH,).

R,;Co(CN);(CH=CH.,):. Introduction of K, ;/Co(CN);H1 solution into a flask
containing a vinyvl chloride atmosphere resulted in the absorption of approximately
one mole of substrate per mole hyvdride complex. Isolation of the resulting complex
gave a vellow solid, the IR spectrum of which exhibited a carbon—carbon double bond
stretch at 1562 cm~1. Treatment with aqueous K1, at room temperature followed by
ether extraction vielded vinyl iodide, identified by mass spectrum (parent peak 154).
There was cssentially no change in the IR spectrum of the complex on treatment of
an aq.-alc. solution with hydrogen (30 psi) in the presence of PtO.. Pvrolvsis vielded
ethvlene.

Method 2

K iCo{CNYy;(CHLCH=CHR)., (R = H or CH;). An aqueous solution of
K, Co{CNY5” (200 ml, 0.25 M cobalt, o.075 M KOH, CN/Co = 5.1) was prepared in
the manner emploved in the preparation of hyvdride complex except that a nitrogen
atmosphere was used. Immediatelv after the potassium cyanide solution had been
added, 0.03 mole allvl bromide was injected into the stirred solution of K;{Co(CX);:,
the reaction mixture changing from dark green to orange within two minutes. The
mixture of complexes so formed was isolated in the previously described manner.
Proton spectra of the solid product dissolved in D,O are shown in Figs. 1, 2 and 3,
the latter ilustrating 7-¢ conversion on addition of KCXN. Addition of KOH or KCl
did not cause this change to take place.

Addition of only 0.02 mole allyl bromide in a similar manner led to the quanti-
tative evolution of propene. Allvl 1odide and crotyl bromide reacted rapidly with
K, Co{CN};57, while allyl chloride reacted slowly, the reaction mixture turning vellow
after approximately 30 minutes. Acidification of the solids so obtained yvielded
propene and I-butene, respectively. Treatument of an aq.-ale. solution of allyl
complex with hyvdrogen (44 psi) in the presence of 109, Pt on carbon led to the
formation of a propvlene—propane (2:1)} mixture. Addition of an aqueous solution of
K, Co(CXNj;H to allyl complex produced propene, while such addition to the
butenvl complex vielded butenes, the composition of which depended on the CX/Co
ratio present, as noted previously for that complex prepared via Method 1. Thus, a
solution of K3Co{CN);H’ prepared at CN/Co == 5.1 vielded 1-butene (50}, {rans-
2-butene (49) and cis-2-butene (1), while that prepared at CX/Co = 7 vielded
1-butene (§6), trans-2-butene (3) and cis-2-butene (1).

r_»:Co(CN)(CeHCOCHR) (R = H or CH;). Phenacyl bromide (0.03 mole
dissolved in 10 ml benzene) or z-bromopropiophenone reacted rapidly with a solution
of K,/Co(CX);’ in a similar manner to vield complexes which released acetophenone
and propiophenone, respectively, upon addition of acid. The ketones were identified
by IR and 2,4-dinitrophenylhydrazine derivatives. Only traces of the ketones were
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formed on treatment with excess K, Co(CN);H! solution. The proton spectrum of a
D.O solution of the phenacyl complex consisted of a broad peak at § = 3.25 (CH.)
and aromatic peaks at 3 = 8.45. That of the methvlphenracyl complex consisted of a
quartet at 8 = 4.54 (CH), a doublet at 8 = 1.S0 (CHj;) and aromatic peaks at 6 =
S.x12.

KL Co(CN)(CH.LN).. Reaction of chloroacetonitrile in a similar manner
vielded a complex with four cyvanide absorption bands. The proton spectrum of a
D,O solution consisted of a broad peak at 3 = 1.83. A cvanomethyvl-iron complex
has also been prepared from chloroacetonitrile®2.

K3iCo(CN)R? (R = n-alkyl or bemzvl). Methyl, ethyl and #n-propyl iodides
reacted rapidly in the above manner, while n-butvl iodide reacted slowly, the reaction
mixture turning orange-vellow after approximately one hour, during which time
small quantities of I-butene and n-butane were formed. Isobutyl iodide reacted after
two hours with some formation of isobutene and isobuiane. Benzyl bromide and
benzyl iodide reacted rapidly. The complexes, isolated in the usual manner, did not
form RH on treatment with acid or K,/Co(CN);H . The methyvl, propvl and
benzvl compiexes in ag.-alc. solution also did not form RH when treated with
hvdrogen in the presence of Adam’s catalvst or when treated with aquoous sodinm
borohyvdride.

Isobutyl complex slowlv evolved isobutene. Pyrolvsis of the methyvl complex
vielded methane, the propvl complex gave a propene-propane (1.2:1) mixture and
the benzy] complex vielded toluene as the main product with a minor amount of
benzaldehvde (¢f. ref. 2). Chlorine passed through an aqueous solution of propyvl
complex vielded a trace of propyvi chloride; the addition of aqueous Ky vielded a
trace of propvl iodide, the quantity of which Increased considerably on heating.

Alternate Mceticod 2

Cyanocobaltate{II} was formed in a hvdrogen atmosphere, 200 ml of solution
{0.15 I cobalt, CX/Co = 5.1, 0.225 1] KOH) absorbing 310 m! of H.. A total of
0.045 moles of benizvl bromide was injected in 0.003 mole increments over go minutes,
time being allowed for complete H., absorption after each addition (total, 360 mi H.).
The color of the reaction mixture gradually changed from medium green to orange-
vellow. Extraction with ether vielded o.013 moles toluene. The complex isolated from
the aqueous medium in the usual manner showed a large 2092 cm™! peak compared
with a relatively minor absorption at 2124 ecm™!. Methyl iodide similarly formed a
complex rich in the component absorbing at 2087 cm1. In the latter run, by-product
methane was removed and hydrogen was added after each addition of halide.

Delivdrolalogernatior:

Isopropyl iodide {0.03 mole} was injected into 200 ml of an aqueous solution of
K2 Co(CN}5® (0.25 M cobalt, o.10 M KOH, CN/Co = 5.1) prepared in a nitrogen
atmosphere, immediately after addition of the cvanide solution. The dark green
sclutton became brown-red in five minutes and evolved a propene-propane (5.1:1)
mixture in neariv quantitative vield. Final color of the reaction mixture was light
green. fert-Butyvl iodide similarly formed an isobutene-isobutane (5.4:1) mixture.
Ethylene dibromide yvielded ethylene, exclusively.
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Alkyvl halides and acrvlonitrile

The reaction of isopropyl iodide with K;{Co(CN);1 was carried out as in the
above example except that 10 ml acrylonitrile was injected just before the cyanide
solution was added. Gas evolution took place as before. However, it consisted
exclusively of propene and the solution remained a deep red. Extraction of the
reaction mixture with ether, followed by drying and evaporation gave a concentrate
containing a small quantity of (CH,),CHCH=CHCN and (CH,),CHCH,CH,CN
(separated by VPC and identified by mass spectroscopy). A similar run with n-propyl
iodide gave a very low yvield of propyl-acrylonitrile adducts (parent masses 95 and g7,
respectively).

Dimerization

Benzhydrvl, trityl and tropvlium bromides, upon reaction with K,{Co{(CN}s],
vielded tetraphenylethane, hexaphenylethane (isolated as the peroxide) and bitropy123,
all products being identified by m.p. and IR spectra.

Preparation of KiCo(CN)(CeHS):

An aqueous solution of benzenediazontum chloride prepared from 2 ml (0.02
mole) aniline in aq. HCl (6 ml coned. HCl = 10 ml H,0) added dropwise to agq.
NaNO. (2 g in 10 ml H.O) at ¢, was injected into a solution of K;{Co(CX);} in a
nitrogen atmosphere. An immediate blood-red color formed and > 300 ml of gas was
evolved. The mixture was filtered after standing overmght, and the white complex
was precipitaied from the filtrate in the usual manner. The IR spectrum displaved
two cyvanide bands at 2133 and 2105 cm~! as well as a carbon—carbon double bond
stretch at 1566 cm™1.

Infrared spectra
Measurements were made with a Perkin-Elmer model 121 spectrometer on
Nujol muils of the various complexes.

Protoir spectra

Measurements were made with a Varian V-j30z2z DP-060 spectrometer at 6o Mc
on D.O solutions of the various complexes. All & values were related to water at
4.3 ppm from tetramethylsilane.
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SUMMARY

Two methods have been found for the preparation of organocvanocobaltate(IT1)
complexes. The first involves addition of [Co(CN);H3~ to activated olefins. The
second involves reaction of fCo(CX) 73 with organic halides.

Studies show the mode of attachment of the organic groupings and indicate
the role of certain of these complexes in hydrogenations and hyvdrogenolyses cata-
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Iyzed by pentacvanocobaltate(II) anion. Allvlic conversions of the tvpe o—z and o
have been demonstrated. A mechanism for the cleavage of organic halides 1s discussed.
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