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This review surveys the reactions of metal carbonyls with organic
halides or organolithium compounds and some carbonylation
reactions using metal carbonyls; these reactions appear (o be
novel and of practical synthetic importance:

1. Reactions of Organic Monohalides with Metal Carbonyls,

2. Reactions of Organomercury Compounds with Metal Carbon-

vls,

3. Synthesis of Ketones using Lithium Acyimetal Carbonylates,
. Carbonylation of Olefins or Acctylenes using Metal Carbonyls,
5. Reactions of Nitrogen Compounds with Metal Carbonyls.

£

Es wird eine Ubersicht iiber die Reaktionen von Metallcarbonylen
mit C-Halogen-Verbindungen und Organolithium-Verbindungen
gegeben; dariiber hinaus werden einige Carbonylierungsreaktio-
nen mit Metallcarbonylen besprochen. Diese noch nicht lange
bekannten Reaktionen besitzen betrichtliches priiparatives Intet-
esse:
1. Reaktionen von C-Halogen-Verbindungen mit Metalicarbo-
nylen,
- Reaktionen von Organoquecksilber-Verbindungen mit Metali-
carbonylen,
3. Synthese von Ketonen mit Lithium-acylmetallcarbonylaten,
4. Carbonylierung von Olefinen und Acetylenen mit Metallcar-
bonylen,
5. Reaktionen von Stickstoff-Verbindungen mit Metallcarbony-
len.

|51

During the last two decades, carbon monoxide has
become one of the important starting materials for
organic synthesis because of its availability and
unique reactivity. A number of synthetic reactions
have been reported and some of them have found
technical application.

Recently, it has become apparent that unstable
organometailic complexes are formed as inter-
mediates in the reactions of carbon monoxide using
metal complexes as catalysts or stoichiometric
reagents and that the application of carbon monoxide
in organic synthesis may be achieved effectively by
using metal complexes. Carbonylation reactions

using noble metal compounds have been extensively
studied and many of them have been found to be
useful in organic synthesis'. Carbonylation using
various metal carbonyls has also been studied
extensively and the results have been summarized
in recent reviews? 4,

Metal carbonyls exhibit unique reactivities towards
various organic reagents. This is due to their low
oxidation state, easy replacibility of carbon monoxide
ligands, reducibility and oxidizibility, and their good
solubility in organic solvents. Thus, metal carbonyls
have become very important as catalysts or stoichio-
metric reagents in many organic reactions.
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56 M. Ryang and S. Tsutsumi

In a previous review* by one of the present authors,
the reactions of metal carbonyls were described. To
avoid duplication, this review deals only with typical
examples of organic synthesis and recent advances
in this area.

1. The Reaction of Organic Monohalides with
Metal Carbonyls

Monohalides tend to add oxidatively to metal
carbonyls to form unstable organometallic com-
plexes, the decomposition of which yields coupling
products and/or ketones. The reactivity of mono-
halides towards metal carbonyls is remarkably
affected by the organic halide moieties. Thus, halides
which are reactive towards nickel carbonyl or iron
pentacarbonyl contain unsaturated bonds (e.g.
>(C=C<,> C=0, —C=N) at the f,y-position of
the halide. In general, alkyl halides or aliphatic acid
halides are relatively unreactive towards neutral
metal carbonyls; in such cases, anionic metal
carbonylate species such as sodium cobalt tetra-
carbonyl, lithium acylmetal carbonylates, and the
reagent from nickel carbonyl and potassium #-but-
oxide, are frequently reactive.

The reactions of allyl halides with nickel carbonyl
have been thoroughly studied. 1t was confirmed that
allyl halides (1) add to nickel replacing carbon
monoxide to form n-allylnickel halides (2):

H2

/
H,C=CH—CHX + Ni(CO), ———> HC Ni C—H

1 2

Organic syntheses with z-allylnickel complexes have
been extensively studied by Chiusoli et al.; the
results have been described in detail in his review?.

1.1. Coupling Reaction using 7-Allylnickel Complexes

Corey et al. discovered a coupling reaction involving
n-allylnickel complexes and halides®; in coordi-
nating media, e.g., dimethylformamide, N-methyl-
pyrrolidone, or hexamethylphosphortriamide, a facile
reaction occurs between the nickel complexes (3)
and a wide variety of halides (4) as shown in the
following scheme:

H, H2
Br
1 4’0\/ \/C‘\ ] 2
R'-C. Ni Ni C-R +  2R*Ha —os
AW ANPANR7S
C Br C
H; H2
3 4
2 R*=CH,~C=CH,
R

5

SYNTHLESIS

Table 1 gives the results obtained in reactions
between m-methallylnickel bromide (3, R'=CH,)
and diverse substrates.

Table 1. Coupling of z-Methallylnickel Bromide with
Alkyl and Aryl Halides in Dimethylform-
amide® (3+4-5)

R! R? . Hal Yield %,
‘CH;, H3C - J 90
HyC- Br 90

O N
H0-<:>— ) 88

t=C4Hy J 25
O Do
HoC=CH~- Br 70

@-CHZ— Br o1 |
@'CHZ-CHz“CHz‘ Br 92

@-o—CHz— a 50
Br-@-ﬁ-CHr Br 75

0

HiC-C-CHy~ cl 46

The data in Table | indicate that the presence of
carbonyl or hydroxy functions in the halide need
not interfere with coupling. Dihalides undergo di-
substitution with the appropriate quantity of nickel
complex, as shown by the conversion of 1,6-diiodo-
hexane into 2,11-dimethyl-4"'!-dodecadiene (95°%
yield) and 1,4-dibromobenzene into 1,4-dimethallyl-
benzene (979).

Syntheses of humulene and santalenes were achieved
by using this coupling reaction’. Furthermore, intra-
molecular coupling of dibromides (6) by means of
nickel carbonyl provides an unusually efficient route
for the formation of large rings (cyclic 1,5-dienes, 7)3,
which are difficultly accessible via the acylation re-
action, currently the only commonly used general
approach to large rings:

Br—CHy— CH=CH—(CHp),— CH=CH—CH,—Br + Ni(CO),

6 n<n2

/) Z
—— (C\HZn\

7
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1.2. Synthesis of f3,y-Epoxyketones

a-Bromoketones (8) are reactive toward nickel tetra-
carbonyl. In this reaction, the solvent plays a signi-
ficant role. Thus, when dimethylformamide is used
as a solvent, the reaction between phenacyl bromide
(8, R'=C¢Hs, R*=H) and nickel carbonyl pro-
ceeds at 30° to give 2,4-diphenylfuran (10, R'=C¢H,
R?=H) but in tetrahydrofuran, the reaction occurs
at 50-60° giving 1,4-dioxo-1,4-diphenylbutane (9,
R'=C¢Hs, R?=H). The furan-producing reaction
has been successfully extended to other aryl or alkyl
a-bromoketones®.

R: B2
TR R’—ﬁ—CH—CH—ﬁ—R’
2
F|? Ni(cO),
2 R'~G—CH-r — °
0
DMF R2 R1
8 — I35,
R'No™NR
10

In the reaction of a-bromoketones (8) with nickel
tetracarbonyl to give substituted furans (10), B,y-
epoxyketones have been shown to be isolable inter-
mediates. In general, f,y-epoxyketones can be pre-
pared by epoxidation of B, y-unsaturated ketones
with perbenzoic acid''. However, the starting ,)-
unsaturated ketones are not always easily accessible
due to their facile rearrangement to the more stable
a, f-unsaturated isomers. Thus, the reaction of a-
bromoketones (8) with nickel carbonyl is a con-
venient method for the preparation of B,y-epoxy-
ketones (11):

R? R R
. I NilcO), , I )
2R'-C—CH~Br  ———  R'-C—CH—C—CH-R
I I \_/
0 0 0

8 11

Data on the formation of ,y-epoxyketones from
several a-bromoketones are given in Table 21°.

Preparation of f,y-Epoxyketones: The reaction of an a-bromo-
ketone (0.1 mel) with nickel carbonyl (0.06 mol) was carried out
in dimethylformamide (30 ml) under argon at 30° for 5 hr. The
reaction mixture was poured into dilute aqueous hydrochloric
acid which was then extracted with ether. The ether extract was
washed with water and dilute sodium hydrogen carbonate solution
and then dried over anhydrous sodium suifate. After removal of
ether, the residue was distilled and the product characterized by

ILR. and N.M.R. spectra, elemental analysis, and chemical re-
actions.

' ). Tsus, Organic Synthesis by Noble Metal Compounds, Advan.
Org. Chem. 6, 109 (1969).
R. HUTTEL, Palladiumsalze und Palladium-Komplexe in der
prdparativen organischen Chemie, Synthesis 1970, 225.
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Thus, the reaction of bromomethyl 7-butyl ketone with nickel
carbonyl gave 2-1-butyl-5,5-dimethyi-1,2-epoxy-4-oxohexane, b.p.
94°/9 mm. When this compound was heated above 130°, de-
hydration occured to give 2,4-di-t-butylfuran.

Table 2. Formation of f§,y-Epoxyketones (11) from
a-Bromo Ketones (8) and Nickel Tetra-

carbonyl
R! ’] R? { Yield %,
C,H, H 52
-C,H, H 61
CH, CH, 70

C,H, CH, 84

1.3. Ketone Formation and Related Reactions

The reaction of mononuclear metal carbonyls with
halides such as aroyl halides, aryl iodides, or benzyl
halides, affords aroylmetal or acylmetal carbonyl
derivatives as intermediates, the decomposition of
which yields the corresponding symmetrical ketones.
Thus, iodobenzene or benzoyl halide reacts with
nickel carbonyl at 50-60° in tetrahydrofuran to give
benzil'?:

)
@ CO—Hal

Ni(CO), / THF, 60°

OO
Tl

00
Triiron dodecacarbonyl reacts with iodobenzene in
refluxing toluene to give benzophenone

| Fe,(CO),, / toluene C—@
53 % i

0
and with benzyl halide to give dibenzyl ketone!?,

Fe4(CO);, / benzene, 30°
@—caz—a >
Orovgar)
0

but the formation of a-diketones has not been
observed. These reactions depend markedly not
only on the properties of the halides used but also
on the reaction media. For example, aryl iodides
are readily carbonylated by nickel carbonyl even in
nonpolar solvents (e. g. benzene) to give z-diketones,

> I. WeNDER, P. PiNo (Editors), Organic Synthesis via Metal

Carbonyls, Vol. 1, Interscience Publishers, New York, 1968.
3 C.W. BIRD, Transition Metal Intermediates in Organic Svn-
thesis, Logos Press, Academic Press, London, 1967.
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58 M. Ryang and S. Tsutsumi

but carbonylation of benzyl halides (to give dibenzyl
ketone or ethyl phenylacetate) is only possible in
polar solvents'* such as dimethylformamide (in

which case the yield of ketone is 95%), tetrahydro-
furan, and ethanol. On the other hand, when cyclo-
hexane is used as the solvent, reaction dces not
occur and in benzene solution, Friedel-Crafts type
reaction takes place instead of CO insertion and
benzylated products of benzene are isolated.

Organotransition metal g-complexes are known to
add readily to unsaturated bonds, e.g. >C=(<,
—CC—, > (=0, in synthetically useful reactions.
Since unstable organotransition metal s-complexes
are believed to be intermediates in many reactions
of organic halides with metal carbonyls, it is con-
sidered reasonable that organic reactions of metal
carbonyls with unsaturated compounds proceed at
least partly via these unstable s-complexes.

Thus, although acylcobalt tetracarbonyls do not
undergo olefin insertion reactions, the s-complexes,
which are presumed to be intermediates in the oxi-
dative addition reaction of monohalides to metal
carbonyls, should be reactive towards olzfins because
of the relatively positive character of the metal atom
compared to that of acylcobalt carbonyls. In fact,
the reaction of organic halides with metal carbonyls
in the presence of olefins does give addition prod-
ucts. When benzyl halides or iodobenzene are used
as partners for the reaction with triiron dodeca-
carbonyl in the presence of olefins, benzylation or
phenylation, respectively, of the alkenes occurs':
Fe,(CO)y,
R=X + HC=CH-Y

R=CH=CH-Y + R-CH,—CH,~Y

X = ¢l Br,J

Y = —@ ~CN, —COO0C,Hs

Similarly, aroylnickel carbonyl iodides, prepared
from aryl iodides and nickel carbonyl, react readily
even in nonpolar solvents with olefins such as
styrene, acrylonitrile, and ethyl acrylate to give
benzoyl adducts of olefins or y-lactones':

SYNTHESIS

1.4. The Reaction of Alkyl-, Vinyl-, or Acyl Halides with
Metal Carbonyls

Alkyl or vinyl halides are generally inactive towards
nickel carbonyl in ordinary organic solvents. How-
ever, il was recently reported that treatment of
alkenyl halides or alkyl iodides with several equi-
valents of nickel carbonyl in r-butanol containing
2--3 equivalents of sodium or potassium #-butoxide
results in the formation of 7-butyl esters (Tabte 3)!¢:

Ni{CO), / t =CHgOH, #-C,H0®
R—Hal R—C00—t—C4Hq

Table 3. t-Butyloxycarbonylation of Organic

Halides'®
R-Hal i Reaction Product ‘! Yield ¥,

CHey H CeHs H ’

/c:c( K >c:c< 60
H 8r H 00—t —C,Hg

|

CeHs H CeHsy H }
Ye=c{ e=c! 50

H cl H CO0—t-C Hy ‘

ct C00-t—C,Hg 64
S ar
Br C00-t-C,Hq 76
F G S
¢=C,Hy ! t~CHg

H3C~(CHylg—J HaC~[CHy)g=CO0~t —CHg 66

J=(Cky)g-) t~C4Hg0 =CO—(CH,)g~CO0~ t~C Hg 61

Addition of z-butoxide to a solution of nickel car-
bonyl in t-butanol at 20° produces an immediate
deep red coloration, which suggests the formation
of an anionic nickel carbonylate species due to the
basic reduction of nickel carbonyl.

A similarly prepared reagent from a methoxide and
nickel carbonyl in methanol is useful for methoxy-
carbonylation of alkenyl halides or iodobenzene;
however alkyl halides, including iodides, do not
undergo methoxycarbonylation by the reagent.
Hence, it appears that a halogen atom attached to
saturated carbon is less reactive than one bonded
to a trigonal carbon atom.

H
H,C=CH-CgH
—_—— . Cag— G~ CHy=CH; = CeHs  + o\ ot
0 HsCs" Y00
13 (43 %) 15 (25%)
[CeHs—cOo-Ni(cO), )]  —
12 !
e CN
L GG CHy—CH,—CN +  CgHs
g CgHs” 070

14 129 %) 16 (30%)
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The reaction of acyl halides with metal carbonyls
is very complicated and has not yet been completely
elucidated.

Acyl halides may be decarbonylated using coordi-
nately unsaturated transition metal compounds
such as chloro-tris-[triphenylphosphine]-rhodium
(18).in aromatic hydrocarbons or dichloromethane.
The first step of the decarbonylation reaction in-
volves oxidative addition of the acyl halide to the
transition metal complex. In the case of the reaction
of 18 with 3-phenylpropanoyl chloride (17) in
toluene!”, a crystalline acyl complex (19) can be
isolated

CeHs~CH—CH,—COCL  +  RhCI[P(CgHg)); —

17 18

CgHs~CH;—CHy—CO—RhCLy[P(CgHsh], + P(CaHe)s
19

Oxidative addition of some acyl halides to metal
carbonyls such as iron pentacarbonyl or nickel
carbonyl does not, however, proceed smoothly in
tetrahydrofuran or in hydrocarbon solvents. Benzoyl
chloride and bromide react with nickel carbonyl in
aprotic solvents such as tetrahydrofuran or hexane
to give 1,2-dibenzoyloxystilbene but the conversion
of benzoyl chloride is low (40%)'2.

Aliphatic acid halides are inactive towards nickel
carbonyl in tetrahydrofuran or hydrocarbon sol-
vents but display considerably increased reactivity
in ketonic solvents. Thus, the reaction of hexa-
dienoyl chloride (20) with nickel carbonyl and ace-
tylene in acetone produces cyclopentenone deriva-
tives (21 and 22) in good yields'®, whereas the same
reaction in tetrahydrofuran gives a very low yield
of ketonic products:

H,C=CH—CH,~CH=CH—COCl + HC=CH Ni(CO),/acetone

20

H H f
+
; <CH2—COOH ; :CHon
0

0
21 22

* M. RyanG, Metal Carbonyls as Stoichiometric Reagents in
Organic Synthesis, Organometal. Chem. Rev. [A] 5, 67 (1970).

> G.P. CuiusoL1, L. CASSAR, Angew. Chem. 79, 177 (1967);
Angew. Chem., Internat. Edit. 6, 124 (1967).

® E.J. CoreY, M.F. SEMMELHACK, J. Amer. Chem. Soc. $9,
2755 (1967).

7 E.l. Corey, E. HAMANAKA, J. Amer. Chem. Soc. 89, 2758
(1967).

8 L.J. COrREY, M.F. SEMMELHACK, J. Amer. Chem. Soc. 89.

2757 (1967).
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The reaction of benzil and nickel carbonyl in tetra-
hydrofuran at reflux temperature affords a transient
red complex; if benzoyl chloride is added to the
resultant solution, 1,2-dibenzoyloxy stilbene is pro-
duced. The above results suggest that acetone and
benzil exert an activating effect on nickel carbonyl
somewhat resembling the effect of alkoxide ion on the
alkoxycarbonylation reaction of alkenyl halides or
alkyl iodides. In the case of benzil, complex 23
probably is an active intermediate.

It has been proposed'® that ketonic solvents,
R?—CO—R?, promote the reaction between acyl
groups, R'—CO—, and metal carbonyls (23) via
complexes such as 24:

1
CGHS\CaonN /CO R \(I:‘O&Ni/x
i i NI
CQOﬂ \ co O\C co
CeHs” R g2
23 24

Although an exact explanation for this activation
effect can not be given, it is a fact that acyl halides
react with nickel carbonyl in ketonic solvents, thus
permitting the reaction to be used as one of the
routes to acyl nickel complexes.

Carbonylation of acyl halides in the presence of
acetylene and carbon monoxide in acetone con-
taining 0.19, water produces lactones (25):

R—COCl + HC=CH + Ni(CO), + HO0 —os

R-@=O + NiOHCL + 3CO

25

Addition of «,f-unsaturated aldehydes such as
acrolein to this reaction system results in the for-
mation of cyclopentenone derivatives, esters of
oxocyclopentylidenemethanol (26), or oxocyclo-
pentenylmethanol (27)°:

R-COCL + HC=CH-CHO + HC=CH + Ni(CO), —>

H
QCH—O—E—R QCH;—O—%—R
0

0 0 0

26 27

® E. YosHsaTo, S. Tsutsumi, Chem. Commun. 1968, 33.

' E. Yosuisato, S. Tsutsumi, J. Amer. Chem. Soc. 90, 4488
(1968).

'! For cxample, see H. FREITEL, P. BARANGER, Compt. Rend.
Acad. Sci. Paris 241, 674 (1955).

2 N.L. BAuLD, Tetrahedron Letters 1963, 1841,

'3 I. Rueg, M. RYANG, S. Tsutsum, J. Organometal. Chem. 9,
361 (1967).

'* E. YosHisato, S. Tsursumy, J. Org. Chem. 33, 869 (1968).
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60 M. Ryang and $. Tsutsumi

This reaction can be interpreted in terms of insertion
of the carbonyl group of acrolein into the carbon-
nickel bond of the acylnickel complex 28 formed
by the reaction between acid halide and nickel
carbonyl. The nickel complex formed (29, structure
does not consider possible participation of acetone
and water) undergoes acetylene insertion to yield
the cyclopentenone derivatives via intermediates 30
and 31:

0
1l
? C-R
0 HC
il H,C=CH-CHO Vi HC=CH
R-C-NiCO) —————> HE—MNi(CO) ~———
C Cl
cl S
28 29
0
g ¢
R=C_  Nilcoy, 0
o L 0-C~R
CH 1 CH=NI(CO)
7 CH _— [ §<* 2
HC\ /
c~CH
H,
30 31

The reaction of benzoyl chloride with iron carbonyls
is complex. Thus, iron pentacarbonyl does not react
with benzoyl chloride in dry benzene, and, when
tetrahydrofuran is used as a solvent, cleavage of the
tetrahydrofuran ring occurs to give 4-chlorobutyl
benzoate in §3.59 yield.

The reaction of triiron dodecacarbonyl with benzoyl
chloride in dimethylformamide solution affords the
dimethyl-aminoiron carbonyl complex'®

H FE3(C0)10CN (CH3)2

[n benzene solution, the product is trlphenylmetha.ne
Details of the reaction of benzoyl chloride with iron
carbonyls or dicobalt octacarbonyis in several media
are given in Table 42°:

Table 4. The Reaction of Benzoyl Chloride with
Metal Carbonyls in Several Media*®

Metai Carbonyl Solvent Produut { Y xeld "(,
Fe{COls THF CgHs—CO- (CH;),_ |1 84
Fe{CO)s benzene none %

Fe,(CO}y, dimethyl- HFe3(C0)19CNICH3)2 E 23
formamide | CgHg= CO—NICH3), o3

Fe4(CO)y, benzene {CgHs), CH | 23 l

| CO;(CO)a benzene CgHg CCoy(COYg 10 &

SO —— NN FrU S — e et

15 B Yosaisato, M. RyanG, S. Tsutsumy, J. Org. Chem. 34,
1500 (1969).

SYNTHESIS

2. The Reaction of Organomercury Compounds with
Metal Carbonyls

Many organomercuric halides react with dicobalt
octacarbonyl in tetrahydrofuran at room tempera-
ture to give symmetrical ketones in high yields,
Hg[Co(CO),],, cobalt(Il)-halide, and carbon mon-
oxide?' 22, This reaction proceeds rapidly and is of
preparative utility. A wide variety of symmetrical
diaryl ketones may be thus prepared; however, the
aryl groups must not be greatly hindered at the
o-position and should not be of such a nature that
the electrophilic cleavage from mercury is hindered
because of electronic factors. Dialkyl ketones may
be similarly obtained from the reaction using alkyl-
mercuric halides. However, in the case of most
alkylmercuric halides, carbon-skeletal rearrange-
ments of the intermediates lead to a mixture of
isomeric ketones. If the ratio of Co,(CO)g: R—HgX
exceeds 1, aldehydes are also found among the
products.

The following mechanism of ketone formation was
proposed :

(1) Solvent-induced redox disproportionation of di-
cobalt octacarbonyl to give THF-Co(CO)? and
Co(CO)Y;

(2) Nucleophilic displacement of halide ion from
mercury by the cobalt carbonyl anion;

(3) Electrophilic cleavage of the C—Hg bond in
the R—HgCo(CO), formed (or in its dispropor-
tionation product, R—Hg—R) by THF-Co(CO)$
to give R—Co(CO),;

(4) Organic group migration in R—Co(CO),,
producing R—CO—Co(CO);;

(5) Reaction of this intermediate with R—Co(CO),
to give the ketone and dicobalt octacarbonyl.

Diphenylmercury also reacts with dicobalt octa-
carbonyl in tetrahydrofuran to give benzophenone
and Hg[Co(CO),],:

16 ). Corey, L.S. HEGEDUS, J. Amer. Chem. Soc. 91, 1233
(1969).

17 ). Tsun. K. OuNo, J. Amer. Chem. Soc. 88, 3452 (1966).

18 1. RHEE, M. RyanG, Chem. Commun. 1968, 455. The structure
of this hydride complex was established by means of Mdss-
bauer and mass spectra; R. GREATREX, N.N. GREENWOOD,
I. Ruei, M. RYANG. S. Tsutsumi, Chem. Commun. 1970, 1193.

19 [ CassARr, G.P. CrtusoLl, Tetrahedron Letters 1966, 2805.

[. Ruee, M. RYANG, S. Tsutsumi, unpublished work.

21 1. SEYFERTH, R.J. SPoHN, J. Amer. Chem. Soc. 90, 540 (1968).

22 D SpyrERTH, R.J. SPoHN, J. Amer. Chem. Soc. 91, 3037 (1969).

23 D SEYFERTH, R.). SPOHN, J. Amer. Chem. Soc. 91, 6192 (1969).

24 Y. HirOTA, M. RYANG, S. TsutsuMi, unpublished work.

25y Sawa, 1. HasHimoro, M. Ryang, S. Tsutsumi, J. Org.
Chiem. 33, 2159 (196%).

20 E 1. Corey, L.S. Hecepus, J. Amer. Chem. Soc. 91, 4926
(1969).

27 G M. Wunesipes, W. F. FISCHER, J.S. FiLirpo, R. W, Basuk
H.0. Housk, J. Amer. Chem. Soc. 91, 4871 (1969).
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Co,iCOl,

R-HgX ——> R-C—R + Hg[Co(CO)), +

Co,(CO)g
R-Hg-R ——

-R + Hg[ColCO),], +

In the above equations, stoichiometric amounts of
dicobalt octacarbonyl are required. However, a novel
ketone synthesis was reported, in which carbon
monoxide is used in stoichiometric amounts, and
the relatively expensive dicobalt octacarbonyl is
employed in only catalytic quantities?3:

[Ce,tcON]
R-Hg-R + €0 ———>

R—ﬁ—R + Hg
0

Thus, it was found that irradiative carbonylation of
diarylmercury with carbon monoxide is catalyzed
by dicobalt octacarbonyl. By using this method??,
various diaryl ketones have been prepared in ex-
cellent yields as shown in Table 5. This new catalytic
reaction does not appear to be applicable to the
synthesis of dialkyl ketones from dialkylmercury
compounds, most likely because of the well-known
photolability of the alkyl-Hg bond.

Organic Syntheses by Means of Metal Carbonyls 61

CoX, + CO
co

solvent, benzophenone is produced in 85957 yield
and quantitative amounts of metallic mercury are
separated in the course of the reaction, thus making
the work-up of the reaction mixture simple:

2 C5H5“HQC1 + NI(CO)I,
32

CGHS_ﬁ_CﬁHS + 2Hg + NiClz + 3C0

On the other hand, the same reaction in benzene,
tetrahydrofuran, ethanol, or aniline yields diphenyl-
mercury and no significant amount of carbonylated
product.

Phenylmercuric acetate also reacts with nickel
tetracarbonyl to give diphenylmercury in 919 yield.

Table 5. Cobait Carbonyi-Catalyzed Carbonylation of Diarylmercury Compounds?3.

CO / catalyst
el == O
0 R

R R R
R Catalyst Diarylmercury/'Catalyst Reaction time Y'i’eld
molar ratio hr A
H Co,(CO)q 37.3 123 91
H Hg[Co(CO),], 94 141 88
470 21 days 74
4.F C0,(CO), 46 120 87
4-Ci Co,(CO)y 224 233 85
4-CH, Hg[Co(CO),], 88 36.5 62
| 4-OCH, Hg[Co(CO),], | 48 113 52

The following procedure is typical of the method
described.

Benzophenone?®: A 150-ml quartz flask is charged with diphenyl-
mercury (10.0 g, 28.2 mmol) and dry tetrahydrofuran (100 ml).
The system is flushed with carbon monoxide, and dicobalt octa-
carbonyl (0.5 g, 1.46 mmol) is added. While the reaction mixture
is stirred and carbon monoxide continously and slowly intro-
duced the flask is irradiated externally with a Hanovia utility
(100 W) high-pressure U.V. lamp. After 123 hr at room tem-
perature, the flow of carbon monoxide is stopped. The reaction
mixture is flushed with nitrogen and decanted from metallic
mercury. From the solution, after removal of Hg[Co(CO),],
as the triphenylphosphine adduct, 4.7 g (91%) of benzophenone
is obtained.

The mode of reaction between phenylmercuric
chloride (32) and nickel tetracarbonyl is considerably
affected by solvent’**. When dimethylformamide,
dimethyl sulfoxide, or acetonitrile is used as the

The reaction of iron pentacarbonyl with phenyl-
mercuric chloride or phenylmercuric acetate in di-
methylformamide gives diphenylmercury in good
yield, but benzophenone is not obtained.

In the presence of styrene oxide, the reaction of
phenylmercuric chloride (32) with nickel tetracar-
bonyl in dimethylformamide affords styryl benzoate
(33) and 2-phenylethyl benzoate (34):

DMF
C5H5_chl + NI(CO)[, + CGHS—CH_CHQ _—
N7 °
0
32
0
7 7
CeHs—C7 s CeHs=C7

N0—-CH=CH-CgHs N0—CH,—CHy—CeHs

33 34
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3. Syntheses of Ketones using Lithium Acylmetal
Carbonylates

Organolithium compounds add reductively to metal
carbonyls to form rather stable anionic metal car-
bonylates. The lithium acylmetal carbonylates thus
prepared have been found to be useful reagents for
organic synthesis because of their tendency to de-
compose readily even under mild conditions to give
organic compounds, and because of their reactivity
in organic reactions, considered to be due to the
nucleophilicity of the anionic complexes®.

3.1. Synthesis of 1,4-Dicarbonyl Compounds

In reactions with acetylenic compounds, iron or
chromium carbonylates are unreactive even at ele-
vated temperatures. However, the nickel carbonyl-
ate is very reactive toward acetylene or mono-
substituted acetylenes even at —70° whereby two
aroyl or acyl groups are introduced into the acetyl-
enes?®, forming a wide variety of 1,4-diketones as
shown in Table 6. When the same reaction is carried
out at higher temperature (—30°), »-lactones are
also produced as by-products in 2-249/ yield.
1,2-Bis-[4-methylbenzoyl}-propane?3: Propyne (2.0 g, 0.05 mol)
was added to an ether solution of lithium 4-methylbenzoylnickel
tricarbonylate (0.05 mol) prepared from equimolar amounts of
4-methylphenyllithium and nickel tetracarbonyl. The mixture
was stirred for 5 hr at —70°, hydrolyzed with 4 N hydrochloric
acid (50 ml), and subsequently brought slowly to room tempera-
ture. The organic layer which separated was treated with three
successive 30-ml portions of 5% aqueous sodium hydroxide; the
resultant mixture was separated into an organic layer and aque-
ous solution. The organic layer was washed with water and dried
over magnesium sulfate. After removal of the solvent, the re-
sidual oil was distilled under reduced pressure to give the follow-
ing fractions:

I. b.p. 70-100°/1.1 mm; 0.3 g,

2. b.p. 130-195°/1.0 mm; 5.3 g.

The second fraction crystallized on standing, and the crystals
were recrystallized from ethanol; yield: 4.8 g colorless needles;
m.p. 118-119°

The complexes of nickel tetracarbonyl with organo-
lithium compounds, generated at —50°, also react
with a variety of «,f-unsaturated carbonyl com-
pounds to form 1,4-dicarbonyl compounds®®. For
example, from mesityl oxide and the reagent pre-
pared from equimolar amounts of butyllithium and
nickel tetracarbonyl there is obtained 2,5-dioxo-4,4-
dimethylnonane in 899, yield using the following
procedure.

2,5-Dioxo-4,4-dimethylnonane?®: To a solution of the complex
prepared from nickel tetracarbonyl (5.0 mmol in 10 mi of dry
argon-saturated ether) and butyllithium (5.0 mmol, 3.85 ml of
1.3 M solution in pentane) was slowly added and with stirring,
at —50°, mesityl oxide (0.294 g, 3.0 mmol). Stirring was continued
at the same temperature for 16 hr, the reaction mixture quenched

28 H.0. HOUS_E, W. F. FISCHER, J. Org. Chem. 34, 3626 (1969).
29 H, Bock, K. L. Kompa, Angew. Chem. 78, 114 (1966); Angew.
Chem., Internat. Edit. §, 123 (1966).

SYNTHESIS

Table 6. 1,4-Diketones from Lithium Acylnickel
Carbonylates and Acetylenes®®.

1. =70°

]
2 L[R'-¢-Nico)y) + R2-czcH L/M0

o=

R2
i
R‘—ﬁ—CH-—CHz—ﬁ—R'
0
g R! R2 Yield %

) @— 74

8 ) CHy 44

A ) H 50

e~ CHy 69 |
O O 0
e )~ H 56
Hsco<_)- H 31

o= CL Hg H 24

by addition of aqueous ammonium chloride (10 ml of a saturated
solution), and then allowed to warm to room temperature. Ex-
cess nickel tetracarbonyl and nickel complexes were decomposed
by careful addition of iodine in ether until the brown color of
iodine persisted. The mixture was extracted with ether, and the
ether extract washed until colorless with 10 ml of saturated so-
dium chloride solution containing sodium sulfate, dried over
magnasium sulfate, and concentrated. The crude product was
separated from impurities by preparative T.L.C.; yield: 0.49 g
(89%,-

3.2. The Reaction of Lithium Acylmetal Carbonylates with
Organic Halides®'

As described in Section 3.1., lithium acylmetal
carbonylates react with acetylenes or a,f-unsatu-
rated carbonyl compounds to form acylated prod-
ucts of the unsaturated compounds. Moreover, these
acylmetal carbonylates serve as effective reagents in
the formation of a C—C bond by the nucleophilic
displacement at a C-Hal bond in an organic halide.

Many commonly encountered organometallic com-
pounds, such as organic derivatives of alkali metals,
magnesium, zinc, and aluminum, appear in general
to be unsatisfactory reagents in nucleophilic dis-
placements with organic halides forming C—C

30 1 HasHIMOTO, M. RYANG, S. Tsursumi, Tetrahedron Letters
1969, 3291.
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Table 7. Conjugate Addition of Acyl Groups to a,B-Unsaturated Carbonyl Compounds®®.

4
Rl‘\ ?l 5 1 'O' 'R ” 5
R=Li ¢ Nl =+ 3 C=C—C-R® ——> R'-C-C-CH-C-R
RZ L R R?
] Ratio Reaction conditions Yield*

R! R2 R3 R* RS RLi: Ni(CO)y 1 oot
substrate Temperature Time (hr) e

CH, H H CeH, CH, 4:4:3 78° 5 82
n-C,Hy H H CgHs CH; 4:4:3 ~787 ' 20 92
CsH H H CoH; CH, 5:5:3 -50° 4 )
CH, H H CeHs OCH, 2:2:1 -30° 8 71
n-C,H, H H CeHs OCH, 4:4:3 -50° 12 59
CH, H H -CH,~CH,~CH,- 4:4:3 -50° 12 35
n-C,Hy H H -CH,~CH,-CH,~ 4:4:3 507 12 64
CH, CH; H CH; CH; 4:4:3 -50° 7.5 50
n-C H, CH, H CH, CH, 4:4:3 -50° 7 64
CH, H CH, CH,4 CH, 5:5:3 -50° 16 60
n-C,H, H CH, CH, CH, 5:5:3 -50° 16 89
n-CH, H H H CH, 5:5:3 -50° 5 64
CH, H H CH; OCH,4 4:4:3 -50° 4.5 49
1-C,.Ho H H CH, OCH, 4:4:3 -50° 45 76

* Yields refer to purified product.

bonds. However, in recent years, a variety of anionic
organometallic complexes have been shown to be
excellent nucleophilic reagents in various synthetic
reactions, e. g.

lithium dialkylcuprate®”°! in the reaction with or-

ganic halides or «,f-unsaturated ketones;

sodium dicyanocuprate®® for cyanation of alkenyl
halides;

potassium hexacyanodinickelate(I)! -3 for coupling,
cyanation, or carbonylation of organic halides;

reagents from nickel tetracarbonyl and alkali metal
alkoxides for alkoxycarbonylation of alkenyl or
alkyl halides*°.

Lithium acylmetal carbonylates are also reagents
useful in allowing the nucleophilic addition of the
acyl group to the carbon atom of organic halides.
The displacement reactions using the carbonylate
complex derived from iron pentacarbonyl and that
derived from nickel tetracarbonyl follow different
courses. Thus, the reaction of lithium acyliron
tetracarbonylates with benzyl halides or acid halides
yields unsymmetrical ketones, whereas lithium acyl-
nickel tricarbonylates give a-benzyl-a-hydroxyke-
tones or stilbenediol diesters (38, 40) in the reaction
with benzyl halides or acid halides, respectively.

1 Y. SAwA, M. RYANG, S. Tsutsumi, Tetrahedron Letters 1969,
5189, and unpublished work.

2 N. Kutepov, H. KINDLER, Angew. Chem. 72, 802 (1960).

33 T. Susuk, J. Tsuin, Tetrahedron Letters 1968, 913.

>+ German Patent (DBP) 1215139 (1962), W. RePPE, A. MAGIN
(BASF); C. A. 65, 8766 (1966).

Synthesis of Unsymmetrical Ketones*': To a solution of the lithi-
um acyliron carbonylate prepared by the reaction of equimolar
amounts of organolithium compound and iron pentacarbonyl in
ether/benzene, is added at —50° 1 equivalent of benzyl halide.
The reaction mixture is then warmed to reflux temperature for
2 hr. The mixture is hydrolyzed with 4 N hydrochloric acid and
the product isolated. The results are listed in Table 8.

Table 8. Benzyl Ketones from Lithium Acyliron
Carbonylates and Benzyl Halides.

Li[R—CO-FelcO),] + CgHs—CH,—X

— R-ﬁ—CHz_CGHg
0
R X Yield %*

- Br 73
H;CO Br 67

n-CyHg J 50

* Yields are based on the amount of benzyl halide used.

When acid chlorides are used instead of benzyl
halides, unsymmetrical ketones (35) are formed as
the main products and a-diketones (36) as by-prod-
ucts (Table 9).

Contrary to the case of acyliron carbonylate com-
plexes, in which benzyl alkyl (or aryl) ketones are
formed, treatment of acylnickel tricarbonylates with
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benzyl halides results in the formation of a-hydroxy-
a-benzylketones (a-benzylacyloins) and no signifi-
cant amounts of benzyl ketones are obtained
(Table 10).

. CgH5—COCl
Li [mc@—cc—wcmﬂ =

37

SYNTHESIS
zoyl chloride yields 4,4'-dimethyl-a, f-dibenzoyloxy-

stilbene (38), and that of lithium benzoylnickel tri-
carbonylate (39) with acetyl chloride gives I,2-

diacetoxy-cis-stilbene (40):
O i ron
0o

~

CHs—C™ T G=CehHs
0
38
- HiC-COCl Cc=C
Li @-co—m(co);, — Lol
8% _0 0
- ch_F ﬁ_CH3
0 0

39

Table 9. Unsymmetrical Ketones (35) and o-Di-
ketones (36) from Lithium Acyliron Car-
bonylates and Acyl Chlorides.

0
L[R'-co-Feco)] + R2-c? -

0
35 36
Yield %"
R! R? f

\ <) 2 | 10
O o |
<) ~CH=CH-CsHs 22 21
| D

e 2y 3

? Yields are based on the amount of acid halide used.

21 trace

Nucleophilic displacement of the halogen atom in
acid halides with aroylnickel tricarbonylate leads to
the formation of stilbenediol diesters instead of un-
symmetrical ketones. Thus, the reaction of lithium
4-methylbenzoylnickel tricarbonylate (37) with ben-

35 P, PiNo, G. Braca, G. SBrANA, A. Cuccuru, Chem. & Ind.
1968, 1732,

36§ MuraHASHIL, S. Horie, T. Jou, Bull. Chem. Soc. Japan 33,
81 (1960).

40

Table 10. a-Hydroxy-az-benzylketones from Lithium
Acylnickel Tricarbonylates and Benzyl

Halides.
OH
LiR-CO-Ni(cO),] +  CgHg=CHp=X —> R-C—(—R
0 CHy=CgHsg
R X Yield %*

®_ Br 41
me- - i 73

n—-C,Hgy Br 58

* Yieids are based on the amount of organolithium compound
used.

4. Carbonylation of Olefins or Acetylenes using Metal
Carbonyls as Catalysts

Carbonylation reactions of olefins or acetylenes
have been extensively studied and a number of
synthetically useful reactions discovered. Some of
these have found technical applications, e.g., the
production of aldehydes from olefins (Oxo-process)*
and the synthesis of acrylic acid derivatives or
butanol from acetylenes or propene, respectively
(Reppe-process)*2.

This Section deals with typical examples of recently
published carbonylation reactions of olefins and
acetylenes which promise to be applicable to organic
synthesis.

Carbonylation of A'-olefins in carbon tetrachloride
using binuclear metal-carbonyl complexes as cat-
alysts offers a convenient preparative method for
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the production of 2-alkyi-4,4,4-trichlorobutanoyl
chioride (41, R=H), from which various bifunctional
compounds can be derived®3. The following cat-
alysts are used: dicyclopentadienyldiiron tetracar-
bonyl, [CsHsFe(CO),l, (I); dicyclopentadienyldi-
molybdenum hexacarbonyl, [CsH;Mo(CO),], (II);
dicobalt octacarbonyl, Co,(CO)g (III). A typical
example is the following.

4,4,4-Trichlorobutanoyl Chloride (41, R = H)*3: Ethylene (30 atm.),
carbon monoxide (170 atm.), and carbon tetrachloride (40 ml)
are allowed to react in a stainless steel autoclave (300 ml) at
120° in the presence of catalyst II (1 g). After 12 hr, 4,4,4-tri-
chlorobutanoyl chloride is isolated as by distillation; yield: 15.5 g.

Other reactions of this type are summarized in
Table 11,

Organic Syntheses by Means of Metal Carbonyls 65

One mol of nickel tetracarbonyl reacts with 4-18
mol of acetylene. The main product is the diester of
A33-octadienedioic acid (43, n=3); the diester of
A3 7-decatrienedioic acid (43, n=4) is obtained as
a by-product.

Table 11. 4,4,4-Trichlorobutanoyl Chlorides (41) and 1,1,1,3-Tetrachloroalkanes (42) from the Carbonylation
of A*-Olefins in the Presence of Carbon Tetrachloride and Metal Carbonyl Catalysts®3.

catalyst
R-CH=CH, + €O + CCl,

R"CIH"'CHz"CClg + R‘?H‘CH["CC[;)

C. Cl
0” e
41 42
[ Reaction conditions Yield g
R : U -  Em—
Catalyst CO pressure Temperatute Time 4 42
(1g atm. hr
H 1T 170 1207 15 15.4
CH,; I 200 140° 15 11.1 6.6
n-C,H, 111 200 125¢ 15 4.9 3.6
n-CeH 5 1 200 118 15 L 7.6 35
L. SN F Ao . . S S

The first step of the reaction was proposed to proceed
via cleavage of the metal-metal bond of the binuclear
complexes with carbon tetrachloride, followed by
insertion of olefin into the metal-carbon bond:

CCl, + Cop(00}y ——>  CI=Col(CO), + ClyC—Co(CO),

Carbonylation of acetylene with nickel tetracarbonyl
in acidic alcohol solution yields esters of acrylic acid.
Addition of copper(II)-chloride and N, N-dimethyi-
aniline hydrochloride to the reaction mixture leads
to the formation of unsaturated dicarboxylic acids
(43) containing 620 carbon atoms>*:

2n HCSCH + NilCO), + 4ROH + 2HC

CH;

- /
cucl, / @—N\CH - HC
3

Diethyl 43-5-Octadienedioate (43, n=3)**: To a flask cooled to
0 to —20° were added under nitrogen absolute ethanol (1800 g),
dry copper(Il)-chloride (25.5 g), and N,N-dimethylaniline hydro-
chioride (60 g). To this mixture was added a mixture of nickel
tetracarbonyl (20 g) and ethanol (12 g), foillowed by 9,31 of
carbon monoxide. During 6.5 hr (at 64-66"), a mixture of nickel
tetracarbonyl (277 g) and ethanol (180 g) as well as ethanolic
hydrogen chloride (405g, 14.8% HCI), acetylene (3451), and
carbon monoxide (61.11) were added. The mixture was there-
after distilled at 50-60" at moderate pressure to yield 159 g of
ethyl acrylate and 10 g of diethyl pentadienoate. The residue was
extracted with ether and distilled to give the fractions:

1. 92 g, b.p.g.s: 26-100°, a mixture of unsaturated monoethyl
esters;

2. 369 g, b.p.g.s: 100-115°, nearly pure diethyl 4% *-octadiene-
dioate;

3. 51 g, b.p.g.y: 115-145°, a mixture of diethyl esters of deca-
trienoic and decadienoic acids.

> 2 ROOC—CH,—(CH=CH},,—CH,~COOR + H,
43
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The reaction of acetylene with a stoichiometric
amount of iron pentacarbonyl in 96% ethanolic
solution glVLS hydroquinone in 20-309; yield. How-
ever, using a catalytic amount of triruthenium
dodecacarbonyl, easily prepared from ruthenium
tris-acetylacetonate, acetylene reacts under anhy-
drous conditions in either tetrahydrofuran or dioxan
to give higher yields of hydroquinone?”:
OH

— RU3(CO)|2
2HCSCH + 200 + Hy ———

CH

Hydroquinone®*: The reaction is carried out in a steel autoclave
at 200°; reaction time: 268 min. The components are: acetylene
(0.248 mol), carbon monoxide (120 atm. at 20°), hydrogen (10
atm. at 20°), triruthenium dodecacarbonyl (0.1 g), and tetra-
hydrofuran (177 g); yield: 0.075 mol (58.5%).

The yield of hydroquinone is markedly dependent
on the partial pressure of hydrogen, the best yields
being obtained at a hydrogen partial pressure of
5-10 atm. Furthermore, the yield appears to depend
upon the ratio water:acetylene and upon the tem-
perature; the partial pressure of carbon monoxide
and the concentration of acetylene appears 1o be of
less importance.

5. Reaction of Nitrogen Compounds with Metal
Carbonyls.

During the last decade, considerable research on the
reactions of nitrogen compounds with metal car-
bonyls has been carried out. In particular, cycli-
zation of imino or azo compounds to yield hetero-
cyclic substances and carbonylation of amines to
ureas, formamides, or oxamides have been success-
fully achieved. The reaction of carbon monoxide
with various unsaturated nitrogen compounds, such
as Schiff bases, azo compounds, aromatic ketox-
imes or aldoximes, etc., using metal carbonyls as
catalysts represents a valuable method for the
preparation of a variety of heterocyclic compounds.
However, since an excellent review relating to these
reactions has recently been published*’, advances
in this field will be described only briefly in this
article.

37 8. H(“)Rll}:‘, S. Murauashi, Bull. Chem. Soc. Japan 33, 88
(1960).

38 g HorlE, S. MURAHASHI, Bull. Chem. Soc. Japan 33, 247

(1960).
39 A, ROSENTHAL, A. HUBSCHER, J. Org. Chem. 25, 1562 (1960).
40 A ROSENTHAL, J. Org. Chem. 26, 1638 (1961).
41 J FaLBE, F. KORTE, Angew. Chem. 74, 291 (1962); Angew.
Chem., Internat. Edit. 1, 266 (1962).

42 J FaLBE, Angew. Chem. 78, 532 (1966); Angew. Chem.,

Internat. Edit. 5, 435 (1966).

SYNTHESIS

5.1. Reactions of Compounds Containing C—N or N—N
Multiple Bonds

Benzaldehyde phenylimines (e.g. 44) may be cy-
clized with carbon monoxide under a pressure of
100-200 atm. at 200-230° in the presence of di-
cobalt octacarbonyl in benzene to yield N-phenyl-
phthalimides (e. g. 45)*°:

@,CH:N@ €O /Co,(CONg @ _@
——— N

0
44 45

Iron pentacarbonyl is less effective than dicobalt
octacarbonyl in catalyzing this reaction.

Azo compounds react similarly with carbon mon-
oxide in the presence of dicobalt octacarbonyl to
yield cyclization products such as 3-oxo-2-phenyl-
dihydroindazoles (46) or 2,4-dioxo-3-phenyltetra-

hydroquinazolines (47)7-38:
0
_@ 0 /CafCOly, 190° N CH
@ N=N 55 n/, N/ CS S
H
46
l , 2%0°
0
CgH
200 / ColCDlg , 230° NToS

65 °% — N/k

47

The cyclization reaction also takes place, but with
lower yield, when iron pentacarbonyl is used as
catalyst. The presence of polar substances such as
water or alcohols inhibits the reaction. If one of
the phenyl rings contains an electron-repelling group,
ring closure occurs to the ring having this sub-
stituent; if an electron-attracting group is present,
cyclization does not take place. Carbonylation of
aromatic ketoximes (e.g. 48) produces substituted
phthalimidines (e. g. 49)*%*°:

O =

0

@N—OH

NOH H” CoHe
48
0
R NH
CeHs
49

Under similar reaction conditions, aryl alkyl ketox-
imes afford only complex mixtures of products.
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Aromatic ketone or aldehyde phenylhydrazones (or
semicarbazones) also undergo carbonylation and
cyclization to give heterocyclic compounds; the
nature of the products and the yields depend upon
reaction temperature and upon the substituent at
the carbon atom of the imino group.

Aliphatic o, f-unsaturated carboxylic acid amides
react with carbon monoxide at a pressure of
100-300 atm. at 160-280° in the presence of di-
cobalt octacarbonyl to give succinimides*!. A sim-
ilar type of reactions involving unsaturated amines
or alcohols has been systematically studied and
reviewed*2.

As described in Section 1.3., organotransition metal
o-complexes readily add to unsaturated bonds, e.g.
>C=C<, —C=C-—, and >C=0. Similarly,
benzoylnickel tricarbonyl iodide (50), an interme-
diate in the reaction of iodobenzene with nickel
tetracarbonyl, adds to the C=N double bond in
benzaldehyde N-methylimine (51) to give two types
of benzoylation products: a coupling (52) and a
cyclization product (53)*°:

[csus—co—rlwi(cmi] +  CgHs—CH=N—CHj

Organic Syntheses by Means of Metal Carbonyls 67

This result indicates the stabilization of N-sub-
stituted imines by complex formation with transi-
tion metal, thus suggesting a possibility for various
imines to be utilized in organic synthesis.

Thus, nitriles may be synthesized from aldehydes
using a procedure involving formation of an imine-
cobalt complex (57), which is subsequently oxi-
dized*®:

R—CHO + CO(NH3)5 : X2 _—
56
—CH= Bi
(R-CH=NH %, "y RN
CO(NH3)5

57
X = Colco), C

Benzonitrile*®: Dry ammonia is bubbled into a stirred hexane
solution of dicobalt octacarbonyl (5 g, 14.6 mmol); a colorless
precipitate of hexaamminecobalt bis-[cobalt tetracarbonyl] [56,
X=Co(CO),] appears. After the hexane solution has become
clear, excess ammonia and hexane are completely removed. Then
benzaldehyde (2 g) in acetonitrile (50 mi) is added and stirring is

J continued at 40° for 15 hr. The [.R. spectrum of the reaction
50 51
[
CgHs Hs?s ClisHs ﬁ

—> CSH5—ﬁ—N—CH—IiJi(C0)3 —— CaHs-ﬁ-til—CH—CH—l;l—C—CsHs

L 0 CHj J 0 CH3 CHj

— 52

i C'E)H5 0 H
L - = CH—N=Ni D ——

CeHg—G—CH-N Ni(C0);J @f}(%HS 53

0 CHs |
- CH3

Imines which contain no substituent on nitrogen are
readily formed by addition of ammonia to aldehydes
but have received only limited attention in synthetic
organic chemistry because of their instability. How-
ever, it was recently reported that the reaction of
anhydrous hydroxylamine with methylmethoxy-
carbene-chromium pentacarbonyl (54) in ether at
room temperature produces yellow (methyl-acet-
imidato)-chromium pentacarbonyl (55) in almost
quantitative yield**:

_JOCH,
(co)scr=c? + HNOH ——s
CH,
54
OCH,
(CONCrNH=C_ + HO
H3

55

mixture shows the presence of N—H (3480, 3300 cm "), Co—CO
(1840-1930 cm ~!), and C=N groups (1630 cm ~!). The solvent
is removed; analysis of the benzene extract of the residue indi-
cates small amounts of benzaldehyde to be present, but no
imine derivatives or cyclized products. This result suggests that
benzaldehyde reacts readily with 56 to form benzaldimine as a
stable complex with cobalt (57). Decomposition of the above
reaction mixture with bromine affords 1 g of benzonitrile.

Nitriles are also produced by the reaction of hexa-
ammine-cobalt dichloride (56, X=Cl) with alde-
hydes.

43 A. ROSENTHAL, Reactions of Nitrogen Compounds, in I. WENDER,
P. PiNo, Organic Synthesis via Metal Carbonyls, Vol. 1, p. 405,
Interscience Publishers, New York, 1968.

** E.O. FiscHER, R. AUMANN, Angew. Chem. 79, 191 (1967);
Angew. Chem., Internat. Edit. 6, 181 (1967).

45 Y. Tovopa, I. RHEE, M. Ryang, S. Tsutsumi, unpublished

work.
46 1, Rusk, M. Ryang, S. Tsutsumi, Tetrahedron Letters 1970,

3419.

Downloaded by: Rutgers University. Copyrighted material.



68 M. Ryang and S. Tsutsumi

Table 12. Nitriles from Aldehydes
by Reaction with Hexaamminecobalt
Dicobalt Octacarbonyl*®.

R=CHO + ColNMj)g[ColC0),], —>

56
Br,
57 > R-CN
} -
Reaction conditions ‘
R = : 1 Yield*
Tempera- : Time A
Solvent ture hr
CeH, DMSO 40° 6 20
DMF 40° 6 42
acetonitrile 40° 6 52
acetonitrile 40° 15 70
acetonitrile 30° 100 77
acetonitrile 50° 100 110
CeHs-CH=CH- acetonitrile 15° 15 21
C¢H;-CH,~CH,~ | acetonitrile 0--5¢ 6 70

* Based on complex 56

5.2. Carbonylation of Amines

Amines react with carbon monoxide in the presence
of catalytic amounts of either metal carbonyls or
the halides of metal carbonyl-forming metals to
yield N-formyl derivatives and substituted ure-
as>***_ The overall equation for the formation of
substituted formamides from primary ard secondary
amines may be written as follows:

R\ R\
NH + CO —> N—CHO
R” R’

Urea formation involves the elimination of one
mole of hydrogen from two moles of amine; the
hydrogen is often transferred to an organic acceptor.

HsC
Li N—C—Ni(CO);
al
He” 1T
60

4 RA karl F. AppLEGATH, F.V. Morriss, F. Batoccur, J.
Org. Chem. 26, 3304, 3306, 3309 (1961).
*8 N. SonoDA, T. YASUHARA, S. TSUTSUMI, unpublished work.

SYNTHESIS

The reactions of carbonyl sulfide or carbonyl selenide
with amines also afford ureas.

The reaction of primary amines with sulfur and
carbon monoxide at temperatures of ~100° gives
the corresponding ureas in high yields*®. This
reaction is widely applicable to aliphatic amines,
and high yields of 1,3-disubstituted ureas are ob-
tained.

Aromatic amines react only slightly under the con-
ditions employed for the synthesis of dialkyl ureas.
However, high yields of several diaryl ureas were
achieved by using tertiary amines as catalysts in the
absence of solvent. In this carbonylation reaction,
carbonyl sulfide was found to be the active species.
N,N'-Disubstituted ureas (59) may also be produced
in very good yields under milder reaction conditions
by treating amines with carbonyl selenide (58)*8 :

SeCO + 2 R—NH, —_— R—NH—E—NH—R + HjSe

58 59

2HpSe + 0, —> 2Se + 2H,0

The sclenohydride produced in the reaction is de-
composed by oxygen to give metallic selenium.

Amines are also carbonylated in the presence of
catalytic amounts of metallic selenium to give quan-
titative yields of 1,3-dialkyl ureas.

Lithium dimethylamide adds reductively to nickel
tetracarbonyl to afford lithium dimethylcarbamoyl-
nickel tricarbonylate*® (60) in a reaction similar to
the synthesis of lithium acylnickel carbonylates. The
complex in turn undergoes decomposition with
mercury(Il)-chloride in tetrahydrofuran to give
tetramethyloxamide (61) and metallic mercury, and
adds to phenylacetylene to yield N,N,N’,N'-tetra-
methylsuccindiamide (62):

HgCl H4C CHs
2 c>N_u_ﬁ_N<
Hs 00 CHs;
61
CeHs—C=CH H3C\ /CH3
T o
M O 0 O
62

*S. FuKUOKA, M. RYANG, S. Tsutsumi, J. Org. Chem. 33,
2973 (1968).
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As mentioned in Section 1., several organic mono-
halides which contain unsaturated bonds at the
B,y-position to the halogen atom add oxidatively to
metal carbonyls to give cationic alkylmetal or acyl-
metal carbonyls, which decompose to give either
coupling products or ketones.

On the other hand, only a few studies on the reaction
of N-haloamines with metal carbonyls have been
reported. One of these involves the reaction of N-
dichloroamine with nickel tetracarbonyl in wet
benzene to yield N,N'-dialkyl ureas®®. In addition,
several monochloroamines react with nickel tetra-
carbonyl to form unstable alkylcarbamoylnickel
complexes, which immediately decompose to give
ureas as main products and carbamoyl chlorides as
minor products®°.

Organic Syntheses by Means of Metal Carbonyls 69

Although «-haloketones react with nickel tetra-
carbonyl without CO insertion to give 1,4-diketones
(in tetrahydrofuran) and/or f3,y-epoxyketones (in
dimethylformamide), N-chlorobenzamide, a nitro-
gen compound corresponding in some respect to an
a-haloketone, reacts with nickel tetracarbonyl to
give the CO insertion product N,N'-dibenzoylurea
in 53% yield*’.
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50§ Fukuoka, M. RYANG, S. Tsutrsumi, Tetrahedron Letters
1970, 2553.

51 E.J. Corey, G.H. PosNEr, Tetrahedron Letters 1970, 315,
and references cited therein.
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