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Summary

The proton cleavage of chelate dicarbonylchromium complexes in the pre-
sence of benzyl and pheny! allyl ethers are shown to result in the formation of
the formerly unknown cationic areneallyldicarbonylchromium complexes. We
describe the general one step synthesis of these compounds upon ultra-violet
irradiation of arenetricarbonylchromium compounds and allyl alcohol and its
derivatives in the presence of hydrofluoroboric acid. We obtained the formerly
unknown cationic arenedicarbonyl complexes with a m-oxyallyl ligand when we
used propargyl alcohol in this reaction.

Introduction

w-complexes containing both arene and allyl ligands were formerly known
only for molybdenum [1] of the Group VI metals.

+

MO/LD
S

L—L = butadiene, norbornadiene, diene fragment of cyclooctatetraene, Ph,P-
(CH_),PPh,, bipy, NH,(CH.).NH,, etc. ‘

In this work we describe the synthesis of formerly unknown cationic arene-
allyldicarbonylchromium complexes.
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Results and discussion

We have discovered that upon treating the chelate complexes I with hydro-
fluoroboric acid in absolute ether at —50°C new cationic areneallyldicarbonyl-
chromium complexes (IT) are formed *.

R R +
(CH2)n (CH2),OH
.0 HBE,
SR
CaHg)20
cr(co), CH, (oMo
CH,=——=CH cr(co), BFa™
.y
NN _
(&9) (ID)
(Fa:n=1,R=H:;OIb:n =1,R=3,5{CH,y), ;Hc:n =0,R=H ;IId :n =1, R=(CH3)g)

Compounds II were obtained in high yields. Table 1 presents data concerning
yields, the temperature of decomposition and analytical data as well as IR and

NMR spectral data.
Compounds II appear to be crystalline, air-stable substances (the most stable

are compounds with methyl substituents in the arene), insoluble in non-polar
solvents and soluble in water, alcohol and acetone, which is in agreement with
their salt structure. We assigned structure II to these compounds on the basis of
the TR and NMR specira data discussed.

In discussing the scheme of the formation of II (Scheme 1) we may assume
that it is the ether oxygen atom that is protonated in the first place. Further
transformation can lead to cation A which gives ally! complex II, though an -
alternative mechanism with the formation of benzyl cation B is also possible.

A similarly ready cleavage of the chelate dicarbonylchromium with phenyl
allyl ether, for example, is indicative of the formation of cation A.

For the purpose of comparison we have studied the proton cleavage of the

simple ether bond in complex III:
CH, CH,

CH,—O — CH,—CH==CH, CH,OH

HBF,

Cr(CO), (C2H5)0 Cr(C0),

() ' (R0)

CHj CHj

* See ref. 2 for our preliminary ecommunication.
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SCHEME 1
R R
CH, ) CHZ
\O \O+H
HBF,
! Y [
~ — (CZHB)ZO Y hd
Cr(CO), CH, Cl‘(CO)2 CH,
CH,=—CH — — CH2: CH
R
CH_OH
Cr(cO), CH,*
L _JA
[__ — I =1)
R /
CH2+

Cr(CO}, CH,OH

CH,=——=CH

- B

As a result, the tricarbonylchromium complex IV was isolated. However,
this reaction proceeds much more slowly and does not go to completion,
indicating that the coordination of the metal with the carbon—carbon double
bond effects this process.

The situation can be markedly changed by proton cleavage of III upon simul-

[ 1+
CH,
o v ; HBR, CH,OH
(CHg),O P
CH,
crico), BF, ~
p
v X==
L .
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taneous UV irradiation, with cationic areneallyl complex IIb being formed as
the result of a possible intermediate formation of chelate I; the yield, however,
amounts to only 30%.

The method described for the synthesis of the cationic areneallylchromium
complexes II by proton cleavage of chelate I cannot be considered as being a
satisfactory one. The main disadvantage of this lies in the multi-step procedure
to obtain the starting chelate complexes I. Moreover, this method had a
limited application, for arene-allyl complexes could be obtained only with OH-,
CH,OH substituents in the arene ring. Therefore, we attempted to work out a
simple and, at the same time, more general method of synthesis which would
enable the production of allyl complexes with any arene. To this end we
studied the interaction of various arenetricarbonylchromium complexes with
allyl alcohol in the presence of hydrofluoroboric acid upcn UV irradiation *.

In fact, the unsubstituted benzenetricarbonylchromium, its methyl substituted
derivatives, and the tricarbonylchromium complex of phenyl, as well as the com-
plexes with the arene. 3,5-(CH;3),CsH3(CH,),,OH (n = 1, 2), appeared to give
complexes II [4] with good yields (47—78%) under the conditions described.
The smallest yield (30%) was obtained for the salt II with the ligand 3,5-
(CH;).CsH;CH,OH. Unlike the other reactions, in the case of this ligand the
reachion was accompanied by the formation of a great number of decomposition
products, which could be due to the formation of m-benzyl-like products of low

stability.

1+
R rR@
+ CH,=——=CH— hy
,==CH—CHOH + HBF, — =
_ (C,H),0
CricOl; Cr(CO), | BFs™
N
(Ib,R =3, 5—(CH,), ,CH,OH ;
Hc:R = OH;
ODe:R =H ;
Of : R =1,3,5-(CHy), :

Ig:R =3,5—(CH,), ,CH,CH,OH )

We tried to replace allyl alcohol by its derivatives, such as allyl chloride or
allyl ether. The use of the latter'in the reaction with benzenetricarbonylchromi-

* It has been previously stated in the literature that the reaction of avenetricarbonylchromium with
saturated alcohols upon UV irradiation resulted in complete decomposition of the complex [3].
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um gave a good result. In this case we obtained complex Ile in a yield of 70%.

_ —_
+(CH,==CH —CH,),0 + HBF————’ﬁ’—-——
2 22 4 (Cz 5)2
Cr(co), Cr(CO), |BF,~
W
~N= __}

(Ie)

In the reaction of benzenetricarbonylchromium with allyl chloride, BF; - OEt,
was used instead of HBF,. In this case complex Ile was formed in only a 15%
yield.

The corresponding salt V was obtained with substituted allyl alcohol:

+ Cells (CHp) — CH——CH==CH, + HBF, —= ':’) S
211%5/2
OH
Cr(COj,
: _- .

Cr(CO), BF,”

\

Ny CH,—CH,—CgHs

(32)

It should be noted that we failed in our attempt to obtain the chelate allyl
complex VI from arenetricarbonylchromium derivative VII.

In this case the reaction resulted in complete decomposition of complex VII

It is necessary to emphasize the importance of the use of absolute ether as a
solvent in the one-step method of synthesis. The choice of this solvent is
explained first of all by the fact that the ionic complexes which are formed are
practically insoluble in this solvent and precipitate, thus avoiding decomposition
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CHZ—CHz—CH — CH=—/=CH,, + HBF,

OH

Cr"(CO)3

(MID)

hy
2Hs>

(3)

under the action of UV irradiation. In fact, when tetrahydrofuran, in which
complexes II are more soluble, was used in this reaction, the formation of the

product was accompanied by a considerable decomposition.

The successful utilization of allyl alcohol and its derivatives in the direct syn-
thesis stimulated further studies on the reaction of arenetricarbonylchromium

with other unsaturated alcohols and, in particular with propargyl alcohol. In
this case we obtained the cationic arene(2-oxyallyl)dicarbonyl complex VIII.

+ CH==C—CH,OH

l
Cr(CO) 4

+ HBF,

hv

v
(C,H5),0

@)

Cr(CO),

N~

OH

(M)

|

+

The yields, temperature of decomposition, data from IR and NMR spectra,
and analytical data for complexes II, V and VIII obtained by the one-step

method (B) are given in Table 1.

In the course of clarifying certain peculia:iﬁes of the one-step method of

synthesis of II, we investigated the progress of the reaction on step-like addi-

tion of the reagents. The solution of benzenetricarbonylehromium and allyl

alcohol in ether was irradiated by UV light for an hour. The colour was seen

to change from light yellow to bright red; we then added hydrofluoroboric
acid. This resulted in the immediate formation of a typical precipitate of cati-

onic allyl complex ITe (R = H). Thus we suggest that the reaction could proceed
according to the following scheme: firstly the CO ligand is replaced by ally!
alcohol and the unstable olefinic complex is formed intermediately, the exist-
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ence of this complex being consistent with literature data [5], then, after HBF,
is added, the clefinic complex transforms into the allyl one.

= 3
+ CH=—CH—CHOH ——7 —
= 2 (CoHs)0
cr(co), Qo) oy on
CH,——CH
HBF, |
-H,0
Crco), —2 Te
. + _H
/ _
CHp==CH —CH;— O &R,

To prove the structure of salts I, V and VIII we studied their IR and NMR
spectra. In the IR spectra, we observed two very strong bands in the 2000 cm™*
region, corresponding to two carbonyl stretchings. It should be noted that the
frequency of the carbonyl groups are markedly shifted (by 50—70 cm™!)
towards higher frequencies as compared with neutral dicarbonyl complexes,
which is in good agreement with the cationic structure of these ccmpounds.

In the NMR spectra of the complexes with the unsubstituted allyl ligand, we
observed the situation characteristic of the w-allyl ligand, i.e. two doublets for
the terminal protons. One of these shows an upfield shift (1.2—1.4 ppm) with
higher spin-spin coupling constant (J = 10—12 Hz), and should be assigned to
the anti-protons. The other appears in the region of 3.7—4.2 ppm (J = 7—8 Hz)
and should be assigned to the sin-protons. The central proton shows itself as a
muliiplet in the region of 4—6 ppm. The allyl ligand proton signals show up-
field shifts from those in the neutral complexes.

In the '*C NMR spectra, the carbon signals of the arene, allyl and carbonyl
ligands appear in their characteristic regions (see Table 1), though the arene car-
bon signals are shifted downfield and the carbony] signals are shifted upfield.
The reported shifts, as well as the shifts to lower fields of the arene ligand pro-
tons in the 'H NMR spectra, are also indicative of the cationic structure of these
complexes..

It is noteworthy that in the '*C NMR spectra of complexes Ilc, obtained by
both the chelate cleavage and the direct method, we observed a doubling of all
the signals, which may be explained by isomerism of the allyl ligand relative to
the arene ligand. This type of isomerism was studied in detail by J.W. Faller [6]
for cyclopentadiene complexes.

The 'H NMR spectra of complex VIII (see Table 1) with the 2-oxyallyl ligand
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contains two broad singlets which correspond to Hy;, and H,,;; protons of the
substituted allyl ligand. The signal of the arene ligand proton (6 = 6.11 ppm) is
shifted upfield in comparison with the other cationic complexes Ii (see Table 1).
The existence of a hydroxyl! substituent in the allyl ligand of complex VIII is
shown by a broad signal (6§ = 3.14 ppm) in the NMR spectrum as well as by the
3360 cm™ band in the IR spectrum. The reported structure of complex VIII
agrees with the '>*C NMR spectrum. In the '*C-{'H}spectrum two signals are
showing with § = 42.8 ppm (terminal atoms) and 139.9 ppm (central atom),
which correspond to the allyl ligand carbon atoms. In the '*C-{'H} spectrum the
signal of the central ailyl ligand carbon atom also appears as a singlet. Such a
downfield shift of the signal of the central allyl ligand carbon atom, in compari-
son with the shifts for other complexes 11 (see Table 1}, is in agreement with

the presence of a hydroxyl substituent [7].

In the discussion of the reported complexes it is noteworthy that the cleavage
of complex I (R = H, n = 0) under the action of BF; - OEt, have already been
observed by Trahanovsky and his co-workers [8]. However, the product ob-
tained, which is similar to our complex Ilc in its properties, was given structure
IX. Treatment of this product with diisoporpylamine allowed Trahanovsky to
obtain substance X. Treatment of our cationic complex Ilc also resulted in this
.compound X.

+
I OB (i —Pr),NH ©
F, Be O(C,H i—Pr)
3 2854 S -
(n =0 ;R =H) %
Cr(co), Cr(Co),
J N
(IX) (X)

TABLE 2
COMPARISON OF DATA FOR Ilc WITH LITERATURE DATA FOR IX
Struc- Decomp. Analytical data & IR data NMR data (5, ppm) (in (CD3)2C0)
ture temp. (°C) p(C=0)

c H (em™
1ic 138—140 40.30 3.27 1932, 1986 1.33,d, 2 H,F=10.5 Hz,

(40.03) (3.36)  (CHClp) (Hgnti):8.93, 4,2 H,J = 7.2 Hz,

(Hgi,): 4.71—5.31, m, (Ha); 6.00, 6.29,
6.75,m, 5 H, (Ar—H).

X 140 39.30 3.50 1927 1.36,d,2 H,J = 10, 0 Hz (Hgp):

(42.61) (3.26) 1978 391,d,2 H,J= 7.5 Hz, (Hzip): 4.70—

(THF) 5.20, m (Ha); 5.96,d, 1 H;J = 6.5 Hz

(Ar—H), 6.21—6.45, m, 2 H, (Ar—H):
6.50—6.90.m, 2 H, (Ar—H).

@ Calculated values in parentheses.
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However, the elemental analysis (C, H) described by Trananovsky [8] differs
considerably from the theoretical data for the structure proposed by him but
is quite similar to that for the structure proposed by us (see Table 2). Moreover,
the spectra obtained by Trahanovsky and by us are practically identical, and are
very similar to the spectra for the other cationic complexes we obtained. These
results lead us to conclude that the structure X proposed by Trahanovsky
appears to be wrong.

Experimental

All the procedures for the syntheses of organometallic compounds were per-
formed in an argon atmosphere, using absolute solvents. The synthesis of arene-
tricarbonylchromium and arene-chelate-dicarbonylchromium complexes was
carried out according to the procedures previously described in refs. 9 and 10,
respectively.

The IR spectra of the reported compounds were measured in heptane and
methylene chloride using an TKS-14 A instrument and in KBr pellets on a UR-20
instrument. The NMR specira were obtained in deuteroacetone with internal
TMS on a Hitachi-Perkin-Elmer:R-32 spectrometer operated at 90 MHz. The
chemical shifts are cited on the § scale in ppm. The '*C NMR spectra were
recorded in acetone and deuteroacetone on a Bruker HX-90 (22.63 MHz) spec-
trometer and on a Bruker WP-60 (15.08 MHz) spectrometer.

Synthesis of areneallyldicarbonylchromium tetrafluoroborate (Method A.
Proton cleavage of chelates)

A solution of areneolefinedicarbonylchromium chelate complex (1 mmol)
in 50 mi of ethyi ether was placed in a two-necked flask provided with a drop
funnel and an inlet for argon. The solution was cooled to —50°C with CO,/ace-
tone. A solution of 0.25 ml (1 mmol, 0.09 g) of 4 N aqueous HBF, in 20 ml of
ethyl ether was added dropwise upon stirring, the temperature of the reaction
mixture was brought to room temperature. The ether was removed under
vacuum, the residue was extracted with the minimum amount of acetone, the
extract was filtered and diluted with ether. The precipitate was filtered off and
dried. Analytically pure samples were obtained by numerous reprecipitations
from the acetone ether mixture. Yields, decomposition temperatures, analytical
data as well as IR and NMR spectra data are listed in Table 1.

Proton cleavage of the tricarbonyl chromium compliex with 3,5-dimethyl-
benzylallyl ether

0.19 g (0.6 mmol) of the tricarbonylchromium complex with 3,5-di-
methylbenzylallyl ether in 50 ml of ethyl ether and 0.16 ml (0.05 g, 0.06 mmol)
of 4 N aqueous HBF, in 20 ml of ether gave a mixture of two substances on
being worked up as above. The mixture was dissolved in CH,Cl, and chromato-
graphed on silica gel plates using ether/petroleum ether (1/1) as eluent. The first
band, light yellow, contains the initial compound; B, 9.75, yield 0.1 g (53%),
m.p. 106—108°C; lit. [11] m.p. 107—108°C; v(C=0) in heptane 1899 cm™!,
1969 cm™'; lit. [11] »(C=0) in cyclohexane 1899 cm™!, 1969 cm™'. The second
band, yellow in colour, contains the tricarbonylchromium complex with 3,5-
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dimethylbenzyl alcohol: R, 0.15, yield 0.08 g of crude product (107% for the
complex reacted), m.p. 143—144°C, lit. [11]: m.p. 143—145°C, v(C=0) in
heptane 1898, 1969 cm™, lit. [11] »(C=0) in cyclohexane 1899 cm™!, 1969
cm™!

Synthesis of arenetricarbonylallylchromium tetrafluoroborate (Method B.
Direct method)

A solution of arenetricarbonylchromium (1 mmol) in 50 ml of ethyl ether
was placed in a three-necked flask provided with a condenser and an inlet for
argon. A solution of 0.25 ml (0.09 g, I mmol) of 4 N aqueous HBF; and 0.07
ml (0.06 g, 1 mmol) of allyl alcohol in 20 ml of ethyl ether was added. The solu-
tion was irradiated with a PRK-7 lamp 2—3 hours until the initial complex dis-
appeared. The reaction was monitored by IR spectroscopy in the region of ca.
2000 cm™. The ether was evaporated under vacuum, the dry residue was
extracted with a minimum amount of acetone, the extract was filtered and
diluted with ethyl ether. The precipitate was filtered off and dried. Analytically
pure samples were obtained by numerous reprecipitations from the acetone/
ether mixture. Yields, decomposition temperatures, analytically data as well as
IR and NMR spectra data are listed in Table 1. '

A Synthesis of benzenallyldicarbonylchromium tetrafluoroborate using diallyl

ether
0.22 g (70%) of benzeneallyldicarbonylchromium tetrafluoroborate were ob-

tained as above from 0.21 g (1 mmol) of benzenetricarbonylchromium in 60 ml
of ethyl ether, 0.25 mi/0.09 g (1 mmol) of 4 N aqueous HBF,and 0.1 g
(1 mmol) of diallyl ether in 20 ml of ethyl ether.

Synthesis of benzeneallyldicarbonylchromium tetrafluoroborate with allyl
chloride

0.05 g (15%) of benzeneallyldicarbonylchromium tetrafluoroborate were ob-
tained as above from 0.21 g (1 mmol) of benzenetricarbonylchromium in 60 ml
of ethyl ether, 0.14 g (1 mmol) of boron trifluoride etherate and 0.08 ml (0.08¢,

1 mmol) of allyl chloride in 30 ml of ethyl ether.

Synthesis of benzene-{1-(2-phenylethyl)]allyldicarbonylchromium tetrafluoro-
borate

0.13 g (62%) of benzene-1-(2-phenylethyl)allyldicarbonylchromium tetra-
fluoroborate were obtained as above from 0.11 g (0.5 mmol) of benzenetricar-
bonylchromium in 30 ml of ethyl ether, 0.13 mi (0.04 g, 0.05 mmol) of 4 N
aqueous HBF, and 0.08 g (0.5 mmol) of 5-phenylpentane-1-0l-3 in 15 ml! of
ethyl ether. Decomposition temperatures, IR and NMR spectra data are given in

Table 1.

Synthesis of benzene(2-oxyallyl)dicarbonylchromium tetrafluoroborate

0.15 g (23%) of benzene(2-oxyallyl)dicarbonylchromium tetrafluoroborate
were obtained as above from 0.43 g (2 mmol) or benzenetricarbonylchromium,
0.1 ml (0.36 g, 4 mmol) of 4 N aqueous HBF, and 0.24 ml (0.24 g, 4 mmol) of
propargyl alcohol. Decomposition temperatures, IR and NMR spectra data are
listed in Table 1.
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Reaction of phenolallyldicarbonyichromium tetrafluoroborate with diisopropyl-
amine

A solution of phenolallyldicarbonylchromium tetrafluoroborate (0.1 g, 0.3
mmol) in acetone was placed in a two-necked flask with an inlet for argon. 0.1 g
(1 mmol) of diisopropylamine in 10 ml of acetone were added. Stirring at room
temperature continued until the initial complex completely disappeared
(3 hours). (The reaction was monitored by IR spectroscopy on an IKS-14A
instrument). The reaction mixture was evaporated, the residue dissolved in 40 mi
of CH,Cl,, washed with water (2 X 20 ml), diluted with 30 mi of petroleum
ether and the crystals frozen out in dry ice. The yield of oxocyclohexadienyl-
allyldicarbonylchromium was 0.08 g (100%), m.p. 112—114°C; lit. [8], decomp.
temp. 115°C; »(C=0) in CH,Cl,, 1999 cm™, 1962 cm™; lit {8]: »(C=0) in THF
1899 cm™!, 1962 cm™ L.
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