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WATER SOLUBLE o-BONDED ORGANOCHROMIUM COMPOUXNDS; UN-
SUBSTIT UTEDAND SUBSTITUTED DICHLOROTRIS(PYRIDINE)BENZYL-
CHROMIUM(ITI) COMPLEXES

K. P. A. SNEEDEN axp H. P. THRONDSEN"
Monsanto Researchk S. 4. Ziarick {Sutlzerland)
{Received March 10th, 1906)

Anet and Leblanc reported the first preparation of water soluble organo-
chromium compounds of the type RCr(H,0};>", where R = PhCH,! and CHCI..>. The
penta-aquobenzyichromium(IIT) cation was prepared by the action of chromous
perchlorate, in aqueous or methanolic perchloric acid, on benzyl chioride in the
appropriate stoichiometric ratios, eqn. (1}. The same penta-aquobenzylchromium(IIT)

PhCHLC! = 2 Cr(CIO,}. —;{—2—-. PRCH,Cr{H,0),(ClO}, < CrCi{H,03,(CIO,), (13

cation was later prepared from chromous sulphate and 1,1-dimethyl-2-phenethyl-
hydroperoxide® and from chromous perchlorate and bis{phenylacetyl) peroxide?. From
a detailed investigation Kochi < @/. deduced that benzyl halides react, at o to 20°,

with chromous salts®%7 in a two stage process (eqns. 2 and 3) giving the benzvi-
4 q } g g 3

PRCH,X = Cr?¥ % & PhCH,® < CrX=w {2)

PhCH,® = Cr** —=1, PhCH,Cr2* (3)

chromium{III) cation and an equivalent amount of chromium{III} salts. Yon exchange
chromatography subsequently furnishes dilute aqueous solutions of the penta-
aquobenzyvichromium(III) cation; however, all the attempts to isolate crystalline
salts of this organochromium compound have been unsuccessful. The present work was
undertaken with the objectives of extending the Grignard synthesis of organo-
chromium compounds?® to the preparation of the benzylchromium(III) cation and of a

stable, crystalline monobenzyichromium complex.

Penia-aguobenzyichromium(IIT} cation
It had been shown earlier® that the reaction between equimolar ratios of benzyl-

magnesium chloride and CrClLy(THF), is strikingly influenced by temperature. It was
postulated that the reaction proceeded to give an intermediate: solvaied monobenzyl-
chromium dichloride; and this on warming (20°), underwent homolysis to the observed

* Present address: AfS Apothekernes Laboratorium, Skdyen, Oslo, Norway.
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final products, bibenzyl and chromous chloride (see also ref. 10) eqgn. (4). Reinvestiga-
tien indicated that this reaction proceeded in tetrahyvdrofuran at —20 to —10°,
to give a stable homogeneous solution of monobenzylchromium dichloride. Treatment

low

PhCH,LMgCl — CrCly{THF),

N PhCH.CrCl,(THF), -z % PhCH.CH4.FPh +
CrCI:(THF)x (1)

of this solution with a large excess of pre-cooled oxyvgen-free water at low temperatures
did not bring about the hydrolysis of the organochromium compound; instead a
homogeneous brown solution was obtained. The latter is stable over prolonged
periods {2 months) if stored at —10°, and has all the properties associated with the
penta-aquobenzyichromium(I{I} cation®.

Aqueous solutions of this cation® can also be prepared by (Z) the interaction of
equimolar ratios of benzyl-Grignard and CrCl,(THF), in diethyl ether and subsequent
extraction with pre-cooled oxygen-free water; (¢7) the interaction of solvated tribenzyl-
chromium and CrCly(THF),, ratio 1:2 in tetrahydrofuran, and subsequent dilution
with pre-cooled oxyvgen-free water; (iff) the interaction of dichlorobis(pyridine)-
chromium(II)!*-12 and benzyl chloride, ratio 2:1, in aqueous methanol, eqns. {3), {6)
and (7). Attempts to isolate the cation either as its dichloride or as the salt with more

THE

PRCH,MgC! + CrCl(THF); —c— PhCH,CrCL(THF), ~o— PhCH,Cr{H,0)3  (5)
(PhCHL)3Cr(THE) 2 = 2 CrClL(THF)3 T25 3 PRCH,CrClL, (THFL,———* 3 PhCH,Cr{H,0},2*
) (6)

. ) . H.O
PRCHLCl — 2 CrCl{pyi. —5 o PhCH,Cr(H.O02 {7)

complex anions (BPh,~; BF~; B(OCH,),~; PF,} were unsuccessful. The present
results together with earlier data® establish the course of the reaction between equi-
molar ratios of benzvl-Grignard and CrCl;(THF), in the temperature range —50 to
-207, eqns. (8), {9}, (10). The initial product at —70° is a solvated tribenzylchromium,

3 PhCH,MgCl + 3 CrCL(THF), —fqp—> (PhCH,),Cr(THF); + 2 CrCL(THF}, (85

—>0 to —10°

(PhCH),Cr(THFj + 2 CrCL(THF); ——4pr

—> 3 PhCHLCrCL(THF) (9}

~—10 to —

3 PhCH,CrCiL(THF) . THE

3 PhCH,CHL.Ph - 3 Cr{I)CL{THF}, (10}
eqn. (8). On warming to —10° this reacts with unchanged CrCl(THF), to give a
solvated monobenzylchromium dichloride. The latter is stable at this temperature
and with excess water it gives the penta—aquobenzx'lchromium(IH) ¢ation, eqn. (5),

which in turn undergoes slow hydrolysis at 0° to toluene. At higher temperatures the

* It was subsequently confirmed by I\OChl and Buchanan?®that the benzvichromium catxon is
accessible by the Grignard route.
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544 R. P. A. SNEEDEN, H. P. THRONDSEN
solvated monobenzylchromium dichloride homolyzes to bibenzyl and chromous
chloride, eqn. (xo).

Dichlorotris(pyridine)benzylchromium(III)*

The isolation of a pure c-bonded organochromium compound involves: (i} the
preparation of a thermally stable complex by the introduction of suitable ligands
bound to chromium, and (iz) the separation of the organochromium compound from
accompanying reaction products (chromic salt in the case of the Cr** route and
magnesium salt in the case of the Grignard route). Pyridine is known to stabilize
o-bonded organochromium(IIl) compounds!3, therefore dichlorobis(pyridinejchrom-
tam(II) was reacted with benzyl chloride, ratio 2:1, in pyridine at 0—~20°. The chromic
salt was precipitated quantitatively, as CrCly(pv);. by the addition of benzene.
Crystallinedichlorotris(pyridine)benzylchromium(I1I) was isolated in excellent yield
from the mother liquor by precipitation with hexane.

The same crystalline organochromium compound was also isolated from tetra-
hydrofuran solutions of solvated monobenzylchromium dichloride (prepared by the
benzyvi-Grignard route) by treatment with pyridine, removal of the insoluble MgCl.-
(pv),. and subsequent concentration of the deep, red-brown solution.

Propertics of dicklorotris(pyridine)benzvichromium{I1I)

The visible spectrum of the organochromium compound shows a single maximum
at 379 mp (in pyridine), 355 mp (in methanol) and 3358 mp (in perchloric acid).
Furthermore the UV and visible spectra of dichlorotris(pyridine}benzyichromium in
perchloric acid (sece Experimental} are the same as that reported for the penta-
aquobenzylchromium(III) cation®-®. This solvent dependence is best explained by the
replacement?® of the original pyridine ligands by methanol and water respectively.
In perchloric acid the original organochromium complex is quantitatively converted

to the penta-aquate, eqn. (11).

A comparison of the infra-red spectra of CrCly(pyv),, PhCH,HgCI and the
organochromium compound (see Fig. 1} reveal that the latter has bands assaciated
with pyridine coordinated to chromium(III) and with the benzyl group. The compound
is therefore best formulated as a monobenzylchromium chloride-pyridine complex.

In pyridine solution the compound is paramagnetic to the extent of 3.93 B.)M,,
indicating a chromium(III} species. In aqueous solution the compound reacts with
mercuric chloride to give benzylmercuric chloride and Cr(H,0)3.

The above, together with the analytical data and molecular weight (see Ex-
perimental) indicate that this crystalline benzylchromium compound is one or a
mixture of the isomeric o-bonded dichlorotris{(pyridine)benzylchromium(IIl} com-
pounds, (1), (I}, (III), assuming it to be an octahedral complex.

Dichlorotris(pyridine}benzyvichromium(III) is stable for months when stored
under dry nitrogen at 5 to —10°. In aqueous or methanolic solution it undergoes slow

* Ina preliminary communication!* this compound was named tris(pyvridine)benzyvlchromium-

{IIL) chloride. However, since we subsequently established that the chlorine atoms are not present
as ions (see Experimental) the present name is perhaps more appropriate.
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hydrolysis at 0-20° to toluene and chromic salts. At higher temperatures (40-60°), in
benzene or pyridine it undergoes smooth homolysis to bibenzyl and chromous salts.
The products formed in the reaction of the pure organochromium compound

Wavenumber in <m
3333077 2857 200 1280 1000 790 500 460

CHsCHRCrl, Py,
NG

|

Fig. t Wwovelengtn in microns

with ferric chloride depend upon the reaction medium: in hyvdrochloric acid equimolar
ratios of benzyl chloride and bibenzyl are formed, whilst in perchloric acid only

EnCHo PRCH, PhCHy
Py-._\cr /Cl py\\cr P s:y\\‘cr—/,py
Py g "} Ty ny"'l ~a

Py By cl
I x o

benzyl chloride is formed. Care should therefore be exercised in using this reaction
for the estimation of penta-aquobenzylchromium(IIl) cation® concentrations.

J. Organometal. Chem., 6 (1966) 542—550



546 R. P. A. SNEEDEN, H. P. THRONDSEN

The pure organochromium compound on treatment with either I1,3- or I,4-
cyclohexadiene gives as final organic products, benzene, toluene and bibenzyl,
indicating the occuirence of hydrogen abstraction reactions.

The observed properties of dichlorotris(pyridine)benzylchromium(III) and of
the penta-aquobenzylchromium(III) cation!® can be attributed to the fact that these
compounds act as sources of benzyl anions and of benzyl radicals. The thermal
instability of the monobenzyichromium speciesaccounts for the erraticresultsobtained
by Slaugh and Raley'” in their “reduction of organic halides by metal salts™.

Kochi and Davis® showed qualitatively that substituted monobenzvilchromium-
(1I1) complexes are accessible by the action of chromous salts on substituted benzyl
halides. In the present work it has been shown that crystalline dichlorotris{pyridine)-
(o-chlorobenzyljchromium(IIl) (£raz 377 mp in pyridine} and dichlorotris{pyridine)-
{p-chlorobenzyl)chromium(I1I) (Zmar 278 myu in pyTidine) are accessible by the action
of dichlorobis(pyridinejchromium(1I) on the appropriate benzyl halides, ratio 2:1,
in pvridine solution.

The chromous route is not applicable, however, to the preparation of monoaryi-
or monoalkylchromium(IIl} complexes!S. In contrast the Grignard route may be
used for the preparation of solvated g-bonded monoalkyl- and monoarvichromium(I11)
compounds?®. 10,

EXPERIMENTAL
{with A. ANDERES, G. Hivseryaxy and P. RCEscH)

For general reaction conditions and gas chromatographic techniques see earlier
papers®*®_ Spectrophotometric measurements were made on a Beuskman DK 2
spectrophotometer equipped with a special quartz cell which could ba flushed with
nitrogen. [nfrared spectra were obtained wsing a Grubb-Parsons ““Spectromaster’.
Oxvgen-free solvents and reagents were used in all reactions involving organo-
chromium compounds.

Pepta-aguobenzyichyoniwm(I LI} cation

{a) Ben=vi-Griginard, CrCL{THF),, raiiv 1°1 i1z THF, ai —20 to —10°. Benzyl-
magnesium chloride (zo ml, 13 mmoles) in tetrahyvdrofuran reacted rapidiv with a
briskly stirred suspension of CrCl(THF}9-%0 also in tetrahvdrofuran (zoo mi}, at
—z20 to —310°, to give a hemogeneous, red-brown solution which was divided. One
portion (50 ml} was treated with pre-cooled water (200 ml}, at 0°, and filtered. The
resulting homogeneous aqueous solution had all the properties associated with the
penta-aquobenzyvichromium({III) cation!. The remainder of the tetrahydrofuran
sotution was treated at —20° with pre-cooled {—10°) hexane (xoo ml}, and the whole
chilled rapidlv {—707). The resulting precipitate, removed by filtration {—.y0°} under
nitrogen and dried in h.v. at —07°, wasisolated finally as an air-sensitive vellow-brown
powder. It contained very little magnesium salts and was soluble in tetrahydrofuran,
ethanol and water; Zmer {aqueous solution) 248, 2735, 298 and 355 mg (sh 400 myuj.
It was not possible to obtain a cryvstalline specimen of this material.

(%) Benzvi-Grignard, CrCl(THEF},, ratio 1:1 152 dicthvl ether, at —70 to —20°.
Ethereal benzyvimagnesium chloride (zo ml, 13.5 mmoles) was added to a briskly
stirred suspension of CrCL({THF); (5 g, 13-5 mmoles) also in diethyl ether (50 ml} at

- Orzanoncetal. Ckem:., 6 1066} 532-550



WATER SOLUBLE G-BONXDED ORGANOQCHROMIUM COMPOUXNDS 347
—70°. Half an hour later the suspension was allowed to warm to —=20° (Gilman color
test No. 1, negative) and after three hours continuous stirring a heterogeneous brown
solution was obtained. The latter was treated with pre-cooled (5°) water {30 ml].
All the color passed into the aqueous layer, and the latter yellow-brown aqueous
solution had all the properties associated with the penta-aquobenzylchromium(II1)
cationl.

(6) Solvated iribenzyichromiwm, CrCl(THF)y ratio 1:2, in THF. Chromium
trichloride tristetrahyvdrefuranate (g g, 24 mmoles) was added to a briskly stirred
solution of tribenzylchromium®® {from PhCH,MgCl (55 ml, 36 mmoles) and CrCl,-
(THF); (4.5 g, 12 mmoles)] in tetrahvdrofuran at —70°. After half an hour the re-
action mixture was allowed to warm to —10°, giving finally a homogeneous vellow-
brown solution. An aliquot (zo ml) was diluted at 0° with a tenfold excess of water,
and the resulting aqueous solution had all the properties associated with the penta-
aquobenzyichromium(III) cation®. The remainder of the solution an warming to 30°
went colorless, and a copious white precipitate (CrCl, solvated with THF) was formed.
The whole was subsequently treated with water, and the organic products, isolated
with the aid of ether, consisted entirely of bibenzyl.

(d)y Dichlorobis(pvriding)chromium(II), benzvl chloride, ratio 2:1, tn water|
methanol. Benzyl chloride {358 mg, 2.825 mmoles} was added to a briskly stirred
suspension of dichlorobis{pyridine)chromium(II)!!.32 in water (10 ml) and methanol

20 ml) mixture at o to 5°. The course of the reaction was followed spectrophoto-
metrically, and after 3 h the absorption at Amez 355 mp (characteristic of the penta-
aquobenzvichromium(I11) cation') had reached its maximum. The resulting clear
vellow-brown solution was divided. One portion was heated to 30° and the color of
the solution changed to green, indicating that the organochromium compound was
thermally unstable. A second portion was concentrated, in h.v. at 0°, however, it was
not possible to isolate a cryvstalline organochromium compeund from the resuiting
viscous green residue. A third portion, on treatment with excess aqueous mercuric
chloride, gave immediately benzylmercuric chloride (m.p. and mixed m.p. 106-1077)},
70°,, and Cr(H,0)6** (Zmar 410 and 568 my).

Dicidorotris(pyridineibenzylchromiian(I11)

(i) Dichdorobis{pyridincychromium({II), benzvl chloride, ratio 2:x, in puvridine.
Benzyl chioride (1.043 mi, 9.1 mmoles) was added to a briskly stirred suspension of
dichlorobis{pyridinejchromivm(II} (5.081 g, 18.05 mmoles) in pyridine (35 ml) at 20°.
After 2 h at 20° and 45 min at 0°, the homogeneous dark-trown reaction mixture
was treated with pre-cooled benzene {130 ml) and the resulting green precipitate
removed by filtration under nitrogen. The solid which was washed with benzene
(30 ml) and diied in h.v. at 20° consisted of trichlorotris(pyridine)chromium(IIiI)
(3-37 2. .52 mmoles). (Found: C, 45.5; H, 3.8; C}, 26.8; Cr, 13.0; N, 10.5. C;;H,;Cls
CrIXN, caled.: €, 45.5; H, 3.8; Cl, 26.9; Cr, 13.1; N, 10.6°%,.)* Its infra-red spectrum
was identical with that of an authentic specimen.

The combined filtrate and washings (205 ml) were added to pre-cooled (0%)
hexane (600 mi) and the whole cooled to ~—207 for 3.5 h. The supernatant liquid was
decanted and the crystalline residue (3.5 g, 7.75 mmoles, 32.5 %) washed thoroughly

* Microanalyses by A. PEisxer, BruggjAG, Switzerland.
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with dry hexane and dried in h.v. at 0® for 2.5 h. A specimen was further purified from
ccld benzenefhexane mixture, washed with hexane and dried in h.v. at 0°, 4.5 h,
in this way dichlorotris(pyridine)benzylchromium(III) was obtained as red-brown
platelets (Found: C, 57.9; H, 4.6; Cl, 15.9; Cr, 11.9; N, 10.2; mol. wt.*, 466.2.
CaaH,.CL,CrN; caled.: C, 58.5: H, 1.9; Cl, 15.7; Cr, 11.5; N, 9.3 %; mol. wt., 451.3.):
’maz(pyridine) 379 mp (sh 430 mp), €72 2280; Zma- (H2O and CH,OH) 355 mg;
7% 3530: Amaz (X M HCIO,) 247, 275, €725 8.200; 298, €724 7.500 and 35S mp,
£"¥9% 5 450 (sh 410 my). In pyridine solution the compound is paramagnetic** to the
extent of 3.93 Bohr Magnetons (based on a molecular weight of 451.3). The pyTidine
solution of the compound is non-conducting.

(8) Benzvi-Grignard, CrCL,(THF),, ratio 1:1 tn THF, at —20°, addition of
pyridine. A homogeneous solution of solvated moncbenzylchromium dichloride in
tetrahydrofuran [prepared from benzvlmagnesium chloride (13 mmoles) and CrCl,-
(THF); (13 mmoles), as under (@) above® was cooled to —350°, treated with pyridine
(10 mi) and subsequently stored at —=20° under nitrogen for 16 h. The resulting sus-
pension was recooled to —50° and z h later was filtered at this temperature, the residue
and filtrate being examined separately. The residue was washed with hexane, dried in
h.v., and the resulting pale vellow solid (S g)*** was shown to censist essentially of
MeCl.(pyv);- (Found: Cl, 17.9; Mg, 5.4; pyridine, 72.5. CaoHoCLMgN, caled.: Cl,
17.2; Mg, 5.9; pyridine, 76.8 %.)

The filiraie was taken to drvness under h.v. at —20°, and the brown residue
purified from benzene/hexane to give dichlorotris(pyridinejbenzvlchromium(III) (4 g,
8.g mmoles) as red-brown crystals, identifted by a direct comparison of the visible
and infra-red spectra and X-ray powder photograph (in Nujol) with those prepared
from CrCl.pyv. and benzyvl chloride in pyridine (see above).

Reactions of dichlorotris(pyvridine)benzvichrominm(I11)

(a) Wsth smercuric ckloride. A solution of dichlorotris(pytidine)benzylchromium-
(X1} {257 mg, 0.57 mmole) in a mixture of perchloric acid (20 ml of T M)} and ethanol
{xro ml) reacted immediately with excess aqueous mercuric chloride giving benzyl-
mercuric chloride (229 mg, 0.39 mmole}, m.p. and mixed m.p. 106-107°, and Cr-
(HaO}6*™ (Zmaz 410 and 575 my).

(8) Witk ferric chloride. (i) A solution of the organochromium compound (456
mg, 1.012 mmoles) in pyridine (10 ml) was added to a seclution of ferric chloride (2.5
mmoles) in hydrochloric acid {15 ml of 5 M)}. The organic products, isolated with the
aid of hexane, were shown by gas chromatography to consist of benzyl chloride and
bibenzyvl, ratio I:1.

(£} A solution of the organochromium compound (185 mg, c.41 mmole) in
perchloric acid (5 ml of 2 M} /methanol (5 ml} mixture was added to aqueous ferric
chloride (4 mmoles). The organic products, isolated with the aid of hexane, were shown
bv gas chromatography to consist onlyv of benzyl chloride.

* The molecular weight was kindiy determined by Dr. J. J. Dary of MRSA Ziirich. by an
X-rev evaluation of the cell dimensions. The compound crystallizes in the monoclinic space group
Pz, or Pz,/m, with the cell constants 2 = $.802, b = 13383 A, ¢* = 0.10339 A-1, U =abc* =
1123.3 A (p = 1.372 g/ml).

*® We thank Drs. G. and S. OLvE of MRSA, Ziirich, for this measurement.
*** More MgCl.(pyv}, is isolated than that expected from the reaction: RMgCl -+ CrCL{THF),
—— RCrCl, + MgCl., since the original benzyl-Grignard solution contains MgCl,.

J- Orgarometal. Chem., 6 (1g66) 5312-550
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(c) With water. A solution of the organochromium compound (384 mg, 0.85
mmole) in water (1o ml) on heating (60°) under nitrogen for 2 h gave toluene (0.6
mmole)}, bibenzyl (0.01 mmole) and Cr(H.O0)3* {Amaex 405 and 575 mp).

(@) With smethanol. A solution of the organochromium compound (1.764 g, 3.9T
mmoles) in methanol (10 ml) was kept, under nitrogen, for 73 min at 20°. The green
heterogeneous reaction mixture was acidified and the organic products, isolated with
the aid of isopentane, consisted of toluene (2.8 mmoles) and bibenzyl (0.0r mmole).

(¢} Thermal stability_ (1) In denzene. A solution of the organochromium compound
(339 mg, 0.75 mmole) in benzene (1o ml) on heating (60°) under nitrogen gave a solvated
CrCl, and bibenzyl (0.26 mmole); no toluene or diphenylmethane were detected.

(iZ) In pvridine. The homogeneous brown sclution of the organochrominm
compound (1.817 g, 4.03 mmoles) in pyvridine (30 ml} was heated (75°) under nitrogen
for 3 h. The resulting green heterogeneous reaction mixture was filtered. The solid
consisted of dichlorobis(pyiidine)chromium({II). (Found: C, 4z.0; H, 3.6; Cl, 24.9;
Cr, 18.85; N, 10.4. C;gH ,(Cl.CrN; caled.: C, 42.7; H, 3.6; Cl, 25.2; Cr, 18.5; N, 10.0 %.)
The infra-red spectrum was identical with that of an authentic specimen. The filtrate
was acidified and the organic products, isolated with the aid of isopentane, consisted
of bibenzyl (0.9S mmole) together with some high-boiling basic material; no benzyvl-
py1idines could be detected.

(7) Wath 1, g-cvciohexadiene. Dichlorotris{pyridine}benzylchromium(III) (x.619¢g,
3.50 mmoles) in pyvridine {(zo ml) at o° was treated with 1,4-cyclohexadiene (288 mg,
3.59 mmoles) and the resulting solution kept for 4 davs at 20°. The reaction mixture
was then hydrolyvzed and acidified with hydrochloric acid. The organic products were
1solated with the aid of ether and were shown by gas chromatographic analysis to
consist of: benzene {0.32 mmole), toluene (0.35 mmole), bibenzyvl (0.26 mmole) and
unchanged diene (2.45 mmoles).

(g} With 1,3-cvclohiexadiene. In a similar experiment with the organochromium
compound (1.025 g, 2.28 mmoles}, pyridine (13 ml) and 1,3-cyclohexadiene (183 mg,
2.28 mmoles), the unreacted diene was destroved by oxidation with potassium
permanganate. The final organic products were benzene (0.35 mmole), toluene (0.13
mmole) and bibenzyvl (0.15 mmole).

Dichlorotris(pyvridine)(p-chlorcbenzylychrominm(I11)

The reaction of p-chlorobenzyl chloride {1.533 g, 9.52 mmoles) with CeCl,pyv,
{5-35 g, 19.03 mmoles) in pyridine (40 ml) was carried out analogousiyv to that de-
scribed earlier for benzyl chloride. The products were CrCly(py); (3.69 g, .35 mmoles)
and dichlorotris{pyridine)(p-chlorobenzyl)chromium(I1l) (2.22 g, 31.58 mmoles,
148.57,), obtained as red-brown platelets from benzene/hexane, 2,0, (pyridine) 378

mp {sh 30 mp), €557 2475. (Found: C, 53.85; H, 4.2; C}, 21.9; Cr, 11.2; N, g.0.
C..H,,ClCrN, caled.: C, 54.4; H, 4.4; Cl, 21.9; €1, 10.7; N, 8.65 %.

Dichlorotris(pyridine){o-chlovobeszyl)chrosmitsn(II1T)

o-Chlorobenzyl chloride (1.653 g, 10.27 mmoles) was allowed to react with
CeClypy. (3769 g, 20.54 mmoles) in pyridine (35 ml) analogously to that described
earlier for benzyvl chloride. The products were CrCl;(pv); (3-8 g, 9.61 mmoles) and
dichlorotris{pyridine}{o-chlorobenzvl)chromium(IIl}) (3.6 g, 7.4 mmoles, 729%),
obtained as vellow-orange platelets from benzene/hexane, Zmazr 377 mu (sh 445 my),

J- Organometal. Ckem., 6 (1966) 512-550
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molar p115. (Found: C, 53.8; H, 1.25; Cl, 22.1; Cr, 11.75; N, 8.3. CanH,,CL,CIN,

8.‘6‘3

caled.: C, 54.4; H, 4.4; Cl. 21.9; Cr, 10.7; N, §.659%.)
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SUMMARY

The crystalline water-soluble, c-bonded dichlorotris(pyridinejbenzyichromium-
(111}, dichlorotris(pyridine)(o-chlorobenzyvl)chromiem({II1} and dichlorotris(pyridine)-
(p-chlorobenzyi)chromium(I1l) complexes have been isolated from the reaction of
dichlorobis(pvridine)chromium(1l} and the appropriate benzvl halides in pyridine
solution. Solvated monobenzylchromium dichloride, prepared by the Grignard route,
is converted with water to the penta-aquobenzyvichromium(III} cation and with
pyridine to the crystalline dichlorotris{pyridine)benzylchromium(II). The crystalline
monobenzyichromium compound acts both as a source of benzyl anions and as a
source of benzyl radicals.
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