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Abstract

g-Bonded organochromium complexes were prep-
ared by the reaction of the 2-, 3- and 4-pyridyl-
methyl chlorides (picolyl chlorides) with L,-
chromium(Il) ions, where L = dien, diethylenetri-
amine; 15[ane]N,, tetraazacyclopentadecane; and
aquo, H,0. Reactions were carried out in alcoholic,
partially alcoholic or aqueous media. The air-stable
species were isolated as hydrated chlorides of the
pyridylmethyl complexes and the N-protonated
pyridiomethyl complexes by precipitation or in
solution by purification on a Sephadex C-25 ion
exchange column. Characterization was by elemental
analysis, absorption spectra and product analyses
of their decomposition in aqueous solution.

Introduction

g-bonded organochromium(Ill) complexes are a
subject of continuing research interest. In part 1 of
this series we reported the preparation and isolation
of amine(organo)chromium(III) complexes in alco-
holic media [1]. 2- and 3-pyridylmethylchloride
(picolylchlorides) reacted with bis(amine)chromium-
(II) ions, where amine = en, ethylenediamine; dap,
1,3-diaminopropane and trien, triethylenetetra-
amine, to produce air-stable hydrated chlorides of
the corresponding pyridylmethyl and the N-proto-
nated pyridiomethyl complexes as isolated solids.
This work is extended herein to other systems in
which pyridylmethylchlorides were reacted with
L,chromium(Il) ions, where L = dien, diethylene-
triamine; 15[ane]N,, tetraazacyclopentadecane and
aquo, H,0.

*Ref. [1] is considered to be Part 1 in this series.
**Author to whom correspondence should be addressed.
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Experimental

General

UV-Vis spectra were recorded in 1 M HCIO,
on a Cary 17 or a Beckman 5270 instrument. CHN
analyses were carried out on a Hewlett-Packard 135B
CHN analyser.

Chromium was analysed spectrophotometrically
as Cr0,*>~ [2], gravimetrically as Cr,0; [3] or by
atomic absorption using an IL651 aafae Spectro-
photometer with a chromium lamp at 357.9 nm.
Chloride was analysed gravimetrically as AgCl [3].

Manipulations were generally carried out under
a wet or dry nitrogen atmosphere as appropriate,
using Schlenk or modified Schlenk apparatus.

Materials and Reagents

Hydrochloric acid was Hopkin and Williams or
May and Baker analytical grade. Chromium metal
was Koch-Light 99.99% or BDH 99.5% electrolyti-
cally pure. Picolylchlorides were obtained from
Aldrich. Diethylenetriamine, of BDH reagent grade,
was distilled over powdered KOH and stored over
molecular sieves. Solvents were dried using standard
techniques and, with the exception of acetone, were
stored over activated molecular sieves [4]. Tetra-
azacyclopentadecane was obtained from Strem
Chemicals and was used as supplied. C-meso-5,7,7,
12,14,14-hexamethyl-1,4 8 11-tetraazacyclotetra-
decane dihydrate, Meg[14] aneN,-2H,0, was prep-
ared by the method of Curtis [5].

Chromium(II) chloride tetrahydrate, CrCl,-4H,0,
was prepared as previously described [1]. The
method of Holah and Fackler [6] was used to
produce the acetonitrile adduct of the Cr(IT) salt.
The hydrated salt (ca. 50 mmol) was dissolved in
a minimum amount of boiling ethanol and filtered
directly into a large excess of boiling acetonitrile
(ca. 200 cm?). The blue-green crystals which preci-
pitated were collected by suction filtration, wash-
ed with cold acetonitrile and then dried under
vacuum.

© Elsevier Sequoia/Printed in Switzerland
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TABLE 1. Absorption Maxima of n-Pyridylmethylchromium(Iil) [L], Ions in 1 M HCIO4.

n L Amax> MM (emax X 102, M~ cm™ 1)

2 dien 576(0.11), 323(4.8), 263(3.3), 235(2.9)
{15]aneNg4 527(0.1), 323(7.9), 262(5.0)
H,0 580(0.1), 322(9.0), 262(7.0), 235(4.8)%

550(0.8), 318(8.3), 262(6.2), 235(4.0)°

pentaaquo 550(0.073), 318(10.4), 262(6.2)°

3 dien 553.2(0.1), 330(2.8), 285(7.6)
[15]aneN, 494(0.09), 330(5.32), 285(9.29)
H,0 544, 320sh, 2852
pentaaquo 534(0.049), 320(9.6), 285(15)°

4 [15]aneN, 535(0.1), 318(11.62), 255(5.8)
pentaaquo 550(0.92), 308(15.6), 225(6.75)°

3viscous oil
exchange, data from Ref. [12].
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Fig. 1. UV spectra in 1 M HClIO4 of products from the
reaction of Cril(dien)Cl, with n-picolylchloride hydrochlor-
ide in absolute ethanol (ca. 5 X 1075 M): (1) product solu-
tion immediately after reaction; (2) brown solids; (3) buff
solids.

Reaction of Cr'(dien)Cl, Complex
With 3-picolylchloride hydrochloride

The mono(dien) complex, Cr(dien)Cl, was prepar-
ed in alcoholic media using a modification of the

bViscous oil dissolved in 1 M HCIO4 and after standing at~30 °C for % h.

®Ions in solution separated by ion

method of Earnshaw et al. [7]. A stoichiometric
amount of deoxygenated diethylenetriamine (0.6
cm?, 5.5 mmol) was added to CrCl,-4H,0 (1.0 g,
5.5 mmol) in ethanol (5 cm?), followed by the addi-
tion of a few drops of conc. HCl to produce the
blue mono(dien) complex, Cr(dien)Cl,. This react-
ed immediately on an injection of 3-picolylchloride
hydrochloride (0.5 g, 3 mmol) dissolved in absolute
ethanol (2 cm?®). The blood-red reactant solution
(see UV spectrum (1) in Fig. 1), which contained
fine solids, was centrifuged and the supernatant
liquid was poured into acetone (ca. 30 cm®) where-
upon fluffy solids were precipitated. These solids
were washed with three additional portions of ace-
tone (each ca. 30 cm?), and then dried in vacuo
at room temperature.

The spectrum indicated the presence of some
free organic compound, suggesting that the complex
had undergone some decomposition (spectrum (2),
Fig. 1). These solids had a Cr:picolyl group ratio
of 1:0.8, i.e. they were initially ~80% pure on a
molar basis. The golden coloured acetone-ethanol
solution was combined with dry ether (ca. 100 cm?)
and buff, fluffy solids (ca. 0.2 g, 0.4 mol, 15% yield)
were precipitated (spectrum 3, Fig. 1). The Cr:
picolyl group ratio was 1:1. The formula {[3-pyCH,-
Cr(dien)]Cl,»2.3HCI} was proposed on the basis
of the elemental analysis. Spectral data are given
in Table I.

The reaction was also carried out in a partially
aqueous medium. CrCl,+4H,0 (1.4 g, 8 mmol) in
absolute ethanol (10 ¢m?®) was combined with H,0
(3 cm®) and a slight excess of diethylenetriamine
(1 cm?, 9.3 mmol). The pH was adjusted to ~7
by addition of HCI to ensure the formation of the
mono(dien) complex, in accordance with the find-
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Fig. 2. UV spectra in 1 M HCIO4 of products from the reac-
tion of Cr'(dien)Cl, with n-picolylchloride hydrochloride in
(a) aqueous ethanol (ca. 8 X 10°° M) and (b) aqueous media
(ca. 1 X 1074 M): (1) product solution immediately after
reaction; (2) oil; (3) brown solids.
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ings of Pecsok er al. [8] that for a totally aqueous
medium at pH 6.5-7.5 the stable species is the
mono(dien)Cr(II) complex (€Slan™= 32.3), while
at pH 8—11 the bis(dien) complex is formed (€nac™
= 38.8). An ethanolic solution of 3-picolylchloride
hydrochloride (cz. 0.6 g, 4 mmol) was injected
and there was an immediate colour change to olive-
red. The solution was stirred at room temperature
for 1 h (spectrum (1), Fig. 2a). To the stirred reac-
tant solution was then added acetone (cz. 100 cm?)
resulting in the separation of two layers. Approx-
imately half the greenish-brown lower layer contain-
ing the organochromium complex was washed with
three portions of acetone (each ca. 100 cm?), caus-
ing it to become very viscous (spectrum (2), Fig.
2a). Brown solids were precipitated when this vis-
cous layer was combined with ether (ca. 100 cm®).
The solids upon drying in wvacuo were found to
have a Cr:picolyl group ratio of 1:0.6, i.e. they
consisted of ~60% organometallic complex (spec-
trum (3), Fig. 2a).

With 2-picolylchloride hydrochloride

The 2-isomer was prepared in aqueous solution
in a manner similar to the 3-isomer. The spectra
of the crude product solution, separated oils and
the final brown organometallic solids (yield ~15%)
are given in Fig. 2b. The Cr:picolyl group ratio
of the organochromium species isolated was 1:1.
The elemental analyses support the formulation
{[2-pyCH,Cr(dien)] C1,(2.3HCI)(0.5H,0)}. The
spectral data are given in Table I.

Reaction of Cr'!(dien ), Cl, Complex

With 3-picolylchloride hydrochloride

The bis(dien) complex was prepared by the
method of Earnshaw er al [6]. Neat ligand (1.8
cm?, 16 mmol) was added to a solution of CrCl,-
4H,0 (1 g, 5 mmol) in ethanol (5 cm®) in an ice
bath. To this suspension of the bis(dien) complex
was added a solution of 3-picolylchloride hydro-
chloride (0.45 g, 2.7 mmol) in ethanol (3 cm?).
The solution was stirred under nitrogen for ~2 h
but no formation of any organochromium species
was observed.

Reaction of Cr''(H,0),, Complex

With 2-picolylchloride hydrochloride

On addition of 2-picolylchloride hydrochloride
(3.3 g, 20 mmol) in ~5 cm® water to an aqueous
solution of Cr(II) ions (40 cm®, 40 mmol) in 1 M
HCl, a blood-red solution was produced (spectrum
(1), Fig. 3a). The reactant solution was poured into
acetone (1 dm®) and ether (200 cm®) to precipi-
tate a deep red oil (spectrum (2), Fig. 3a). The
supernatant acetone solution retained its green
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Fig. 3. UV spectra in 1 M HCIQ4 of products from the reac-
tion of {Cr'{(H,0)¢]** with n-picolylchloride hydrochior-
ide in (a) aqueous medium (ca. 2 X 107? M) and (b) aqueous
ethanol (ca. 4 X 1075 M): (1) product solution immediately
after reaction; (2) red oil; (3) viscous oil; (4) sample (3) after
% hat 30 °C.
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colour on standing. The oil on trituration with two
more 200 cm® portions of acetone gave an olive-
coloured supernatant layer and a viscous, deep
brown oil (spectrum (3), Fig. 3a), but failed to
produce any solids even on further treatment with
acetone and ether. The latter supernatant acetone
layer changed colour from olive to plum on stand-
ing overnight. The absorption maximum of the vis-
cous oil in 1 M HCIO, had shifted to 322 nm but
reverted to 318 nm after some time at room tempera-
ture (compare spectra (3) and (4), Fig. 3a). Further
evacuation of this apparently pure oil caused its
colour to change from deep brown, finally giving
plum-coloured solids. The spectra of these solids
in 1 M HCIO; merely indicated that they were
inorganic complexes contaminated with organic
decomposition products. The plum solids gave a
green solution in acid but a purple solution in
acetone.

With 3-picolylchloride hydrochloride

Cr(I) chloride (40 cm?, 40 mmol) in 1 M HCl
reacted with an ethanolic solution (10 cm®) of 3-
picolylchloride hydrochloride (3.3 g, 20 mmol)
to produce an olive-green solution (spectrum (1),
Fig. 3b). A very viscous oil (spectrum (2), Fig.
3b) was precipitated by acetone (2 dm?). The
1:1 ratio for Cr:picolyl group showed that the oil
contained a pure organochromium species. This
oil redissolved in ethanol and added to ether preci-
pitated a fluffy, green-brown powder which wa:s
extremely hygroscopic. The solids collapsed to oily
drops on drying under vacuum, and the spectrum
showed that the sample had undergone extensive
decomposition.

The spectrum of the crude product solution
obtained for the reaction carried out on the same
scale in absolute ethanol confirmed the presence
of the pyridylmethyl-chromium species; however,
its rapid decomposition prevented isolation.

Reactions of Cr'!(Meg[14]aneN, ) Complex

With 2- and 3-picolylchloride hydrochloride

The Cr(Mes[14]aneN,)Cl, complex was prep-
ared using a technique similar to that outlined in [9].
CrCl,-2CH3CN (5 mmol) was dissolved in ‘super-
dry’ ethanol (10 cm®) and combined with an ethanol-
ic solution (5 cm?®) of the ligand, (1), (5 mmol).
The purple form of the complex for which a planar
configuration of the ligand was proposed was used
to react with stoichiometric amounts of 2- and 3-
picolylchloride hydrochloride to give solutions
which contained the desired organochromium com-
plexes. These complexes, however, were very un-
stable and attempts to isolate them by addition
of acetone and ether resulted in rapid decomposi-
tion.
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Reaction of Cr*([15]aneN, ) Complex

With 3-picolylchloride hydrochloride

In an attempt to isolate the solid organochromium
complex, [15]aneN4, (2), (0.65 g, 3 mmol) was
added to CrCl,-4H,0 (0.6 g, 3 mmol) in absolute
ethanol (20 cm?). The solution immediately became
the royal purple colour characteristic of the macro-
cyclic complex. 3-picolyl chloride hydrochloride
(0.25 g, 1.5 mmol) in ethanol (1 cm®) was then
added. The solution became olive-brown. However
neither the green solids which precipitated nor the
mother liquor had any absorption in the UV which
was characteristic of an organochromium complex.

A stoichiometric amount of CrCl,-4H,0 (0.09
g, 0.47 mmol) was added to an aqueous solution (5
cm®) of the ligand (0.1 g, 0.47 mmol) giving the
purple macrocyclic [15]aneN4Cr** complex. Addi-
tion of an excess of 3-picolylchloride hydrochloride
(0.1 g, 0.6 mmol) caused an immediate colour change
to blood-red (spectrum (1), Fig. 4). About 3 cm?
of the reactant solution was loaded on to a Sephadex
C-25 column (1 ¢m X 10 cm) which had been washed
with water. Bands comprising the excess organic
halide, the inorganic Cr(III) macrocyclic complexes
and the organochromium complex were eluted
with 0.2 M NaClO, adjusted to pH 5 (spectra (2),
(3), (4) and (5), Fig. 4). The Cr:picolyl group
ratio of the organochromium complex was found to
be 1:1. The spectral data are given in Table I.

With 2- and 4-picolylchloride hydrochlorides

The 2- and 4-picolylchloride hydrochlorides were
reacted in aqueous medium and the products were
separated as described above for the 3-isomer. In each

203

ABSORBANCE

A

Fig. 4. UV spectra in 1 M HCIO4 of products from the reac-
tion of [Cr"(lS[ane]N4)]2+ with n-picogylchloride hydro-
chloride in aqueous medium (ca. 8 X 107> M): (1) product
solution immediately after reaction; (2) fraction 1 from
Sephadex C-25; (3) fraction 2; (4) fraction 3;(5) fraction 4.

case the fraction containing the organochromium
complex had a Cr:picolyl group ratio of 1:1. Spectral
data are given in Table I.

Results and Discussion

Mono(dien Jorganochromium Complexes

The mono(dien) complexes, Cr(dien)X, (X = Cl,
Br, I), which were isolated from ethanol or n-butanol
were assigned a halide-bridged, binuclear structure
on the basis of their magnetic moments and the
reflectance spectra of their solids [7]. Such species
would be expected to be unreactive towards organic
halides. Although the Cr(dien)Cl, complex has been
reported to be “insoluble in all solvents tried”, the
bromide and iodide complexes were reported to be
slightly soluble in DMF. Conductance measurements
of dilute solutions of these halides in DMF indicated
the presence of 2:1 electrolytes, which implied
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a dissociation of the binuclear species on dissolu-
tion.

Pecsok er al. [8] also found evidence for the
existence of the monomeric species (€er™ = 32.3)
in aqueous solution between pH 6.5-7.5. They
proposed that the nitrogen atoms lie in a plane at
right angles to the distortion axis.

The stepwise aquation of 1, 2, 3- and 1, 2, 6-tri-
aquodiethylenetriaminechromium(III) cations to the
hexaaquochromium cation has been reported to pro-
ceed through the ‘partially unwrapped’ singly and
doubly protonated intermediates, Cr(dienH)(OH,),**
and Cr(dienH,)(OH,)s"*, both of which were isolated
in aqueous medium [10].

It was found in this study that a few drops of HC]
helped to partially solubilize the Cr(dien)Cl, sus-
pended in ethanol, perhaps through a combination
of the factors discussed above, enabling its reaction
with the organic halides to proceed readily. The
yield of pure complex (15%) was reduced because of
the co-precipitation of the residual inorganic complex
and the picolylchromium species by acetone.

Elemental analyses indicate mixtures of the pyri-
dylmethyl complex and the pyridiomethyl form. This
has been observed previously [1] and may be under-
stood in the same manner. {[2-pyCH,Cr(dien})]Cl,
(2.3HCD(0.5H,0)} found (calc.): C 30.5(30.2),
H 5.5(5.7), N 10.2(10.6), Cl 38.0(38.4), Cr 13.6
(13.4).  {[3-pyCH,Cr(dien)] C1,(2.3HCl)}  found
(calc.): C 31.0(30.8), H 5.5(5.7), N 10.7(10.8), Cl
39.0(39.2), Cr 13.2(13.4).

Bis(dien Jchromium Complexes

The bis(dien) complex, Cr(dien),Cl,, was report-
ed to contain terdentate ligands both in the solid
[7] and in solution [8]. On the basis of such a struc-
ture this complex was not expected to react with the
organic halide, and indeed this was found to be the
case.

Aquoforgano Jchromium Complexes

The pentaaquo(pyridylmethyl)Cr(IlI) ions (prep-
ared by the reaction of picolylbromide hydrobromide
with chromous sulphate and purified by chromato-
graphy on Zeocarb 225SRC-10 ion exchange resin)
were the first air-stable monoalkyl chromium ions
isolated, albeit in solution [11, 12]. It was hoped
that the techniques which resulted in the isolation
of the various amine(pyridylmethyl)Cr(IlI} com-
plexes as solid salts might be successfully applied
to these aquo complexes.

The attempt to isolate the solid salt from a totally
aqueous solution was not successful. The very viscous
oil precipitated by acetone and ether analysed for
a pure organochromium species as indicated by the
1:1 Cr:picolyl group ratio. Its spectrum (spectrum
(3), Fig. 4) showed it to be free of organic picolyl
compounds and inorganic by-products. The rever-
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sible shift in the UV absorption maximum was con-
ceivably due to removal of aquo ligands during the
purification process in which dry solvents were
used. These aquo ligands were possibly replaced
by acetone or chloride. The attempt to dry the
oil under vacuum caused rapid decomposition of
the oil, accompanied by colour changes through
olive to plum. The plum-coloured inorganic decom-
position products gave a green solution in acid
and a purple solution in dry acetone which became
green on mixing with aqueous acid, which further
supported the conclusion that aquo ligands had
been lost.

Acetone and ether were added to the crude reac-
tion solution to obtain a viscous oil from the
reaction of Cr(IT) chloride with 3-picolylchloride
in 1:4 ethanol--water. This oil was free of organic
and inorganic contaminants and had a chromium:
picolyl group ratio of 1:1. The oil dissolved in
ethanol precipitated out as an olive-brown powder
on addition of acetone and ether. However, due to
the extreme hygroscopic nature of the isolated
solids and the rapid decomposition induced by
evacuation, no quantitative measurements could be
made.

The spectrum of the crude product solution from
the reaction in absolute ethanol confirmed the
presence of the pyridylmethyl-chromium species;
however, its rapid decomposition prevented isola-
tion.

Hexamethyl-tetraazaf 14] ane Complex

The purple, planar complex having the formula
Cr(Meg[14] aneN4)Cl, which was prepared by the
method of Dei and Mani [9] was sensitive to mois-
ture as well as oxygen. It reacted with 2- and 3-
picolylchloride hydrochloride in absolute ethanol.
A shoulder at 295 nm in the crude reaction solu-
tion confirmed the presence of the pyridylmethyl-
Cr complex. The spectrum of the purple solid preci-
pitated by acetone showed that the relative propor-
tion of organic picolyl compound had increased
over that in the crude solution, which was evidence
of decomposition. These solids were dissolved in
ethanol and were re-precipitated by ether, but the
spectra of the solids thus obtained still showed con-
tamination by organic picolyl compounds. Decom-
position of the isolated solids in absolute ethanol
was essentially complete after %4 h at 27 C.

A similar pattern was observed for the reaction
and work-up of the 3-picolyl isomer. The spectra
showed that the desired organochromium complex
did form but, due to rapid decomposition, no pure
sample could be isolated.

Tetraazaf15]ane Complex
The picolylchloride hydrochlorides did react with
the Cr([15]aneN,) complex in absolute ethanol,
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TABLE Ila. Reaction of 2-pyCH,Cl- HCl with Cr([15] aneN4)?". Fractions Eluted from Sephadex C-25.

s a P b c
Fractions Amax (nm) Colour Content
1 262 Colourless pyCH,Cl
2 590,470,412, 262 Yellowgreen X,CrL*, pyCH,Cl1
3 564,462,393 Pink XCr(H,0)L**
4 527,323,262 Orange pyCH,Cr(H,O)L

3y js[15]aneNs. PIn 1M HCIOs. ©In 0.2 M NaCIO,.

TABLE IIb. Absorption Maxima XCr(H,0)([15] aneN4)™
Complexes.*

X Amay (nm)

cl 564,462,393
Br 560, 460, 393
I 562,462,394
H,0 (sh) 540, 454,377

*All data presented in this table were taken from Ref. 12,

however the organochromium complex which was
formed was unstable and could not be isolated.

The preparation of a series of mono(alkyl)chro-
mium complexes containing the [15]aneN, ligand
in aqueous medium has been reported [13, 14].
All were synthesized by the reaction of the chromous
macrocyclic complex with organic halides. The com-
plexes were purified on columns of Sephadex C-25,
a strong acid ion exchange resin.

A method of preparation and isolation similar
to that outlined above was employed in this work.
The purple, macrocylic complex was prepared in
aqueous medium by the reaction of free ligand with
CiCl,+4H,0. The picolylchloride hydrochlorides
reacted with Cr([15]aneN,)** to produce blood-red
solutions. For the reaction with the 2-isomer the
fractions described below, Table Ila, were readily
eluted from the Sephadex C-25 column with 0.2 M
NaClO, at pH 5. The last fraction contained the
pyridylmethylchromium species. The Cr:picolyl
group ratio which was found to be 1:1 confirmed
the purity of the complex. Spectral data for the com-
plex are given in Table I.

Since fraction 3 has a visible spectrum identical
to that reported for the chloro complex, it can be
concluded that it contains only this species in solu-
tion. The inorganic complex eluted in fraction 2 is
expected to be of lower charge. Also the shift in its
absorption maxima to higher wavelengths is consis-
tent with the replacement of an aquo ligand with a

halide ion, as shown in Table IIb. Hence this species
has been assigned the formula Cl,Cr([15] aneN,)".
The 3- and 4-isomers reacted in the same manner
as the 2-isomer and the crude reaction solutions were
purified in the same way giving similar fractions.
Cr:picolyl group ratio for the organochromium com-
plexes 1:1 in each case. Spectral data are given in
Table 1. It will be noted that this macrocyclic amine
ligand is the only amine ligand for which the 4-
isomer is capable of more than transient existence.
The reasons for this will be examined in a subsequent

paper.
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