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7z-COMPLEXES OF THE TRANSITION METALS
XVII. BENZYLCHROMIUM!

F. GLOCKLING", R. P. A. SNEEDEN axp H. ZEISS
(witH R. BONFIGLIOLI)

Monsanio Research S. 4., Zirich {Swilzerland)

{Received February 1oth, 1964)

In addition to forming:z-complexes with aromatic hydrocarbons, chromium also forms
under carefully controlled experimental conditions, ¢-bonds to carbon. Examples of
the latter type which have been obtalned as pure crystalline compounds include
(CeH;)sCr(THF); (ref. 2), the anionic complex® Li[{C¢H;)¢Cri-2.5Et,0** and the

o
y:
/
\
i
e

-0
AN

0
5

%

fos
%
:

() [}

~
<

“chelate” (I)*. There is indirect evidence for the existence of analogous trialkvl- and
trinaphthvichromium(III} compounds®. The mesitvichromium derivatives are unusual
in that blue trimesityvlchromium(II1) and violet dimesitylchromium(Il) exist and are
stable toward rearrangement. \VWhereas these latter substances could not be re-
arranged to st-complex®, removal of the solvating molecules from triphenylchromium
tristetrahvdrofuranate, by washing with diethyvl ether etc., results in a profound
rearrangement to a black pyrophoric intermediate from which the z-complexes (II)
and (III) mayv be isolated by subsequent hydrolvsis. By contrast the hydrolysis of
compounds containing ¢-chromium to carbon bonds is rapid and quantitative at
least for the three examples quoted above. One exception appears to be the benzyl-
chromium salt, {CgH,CH,Cr(H.O);i?* which has only been obtained in aqueous
solution, and undergoes slow hyvdrolyvsis at room temperature®.

The present work is concerned with the reactions of chromium(III) chloride as
its tetrahvdrofuranate, with benzvlmagnesium chloride in pure diethvl ether and in
tetrahydrofuran—ether mixtures. It was considered unlikely that this reaction would
parallel closelv the phenyl analog since (i) scission of a ¢-benzvl-chromium bond

” Department of Chemistry. The University, Durham (England).
“* Our analysis of this compound indicates that it should be formulated as Li;7C,H,),Cr:- 4Et,0
{cf.- EXPERIMENTAL).
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I10 F. GLOCKLING, R. P. A. SNEEDEN, H. ZEISS

would give rise to the more stable benzyl radical and (ii} it might be possible for the
benzyl anion to act as a bidentate ligand (IV)*.

ov)

The addition of an ethereal solution of benzvlmagnesium chloride to a suspension
of the purple complex, CrCl,{THF)}, in tetrahvdrofuran at —60° causes a rapid
reaction giving an intenselv colored (vellow-brown) solution containing suspended
material. The Gilman color test I becomes positive onlv after 2.8-3.0 equivalents of
benzyl Grignard have been added.

The course of the reaction was first studied using equimolar ratios of reactants
and was strikinglv influenced by temperature. At room temperature reductive
coupling to bibenzvl occurs almost quantitatively (Eqn. 1). )

2CH,CH McCl = 2CrCl, —— (CgHzCH,)a =+ 2CrCl, {1}

Chromium(II} chloride, which separates from the solution as its tetrahvdro-
furanate, was characterized as the stable bipyridyl complex, (bipy),Cr(CICy),. It
seerms probable that coupling is preceded by the formation of s-benzvichromium(IIT)
intermediates which are unstable at room temperature. Heowever, if the mixture
resulting from equimolar ratios of the reactants is maintained between —0607
and —78° and decomposed with methanol without anyv intermediate warming, over
go °, of the benzyvl groups appear as toluene and one half of the chromium(III}
chloride tetrahyvdrofuranate may be recovered unchanged.

These observations may be interpreted if the main, though not exclusive, species
present at —7S8° is one of the benzylchromium{III) chlorides, namely, g-dibenzyl-
chromium(III) chloride, (C;H,CHL).CrCl, together with one half of unreacted chro-
mium{III} chloride. Methanalvsis 2t —78° then gives toluene without concurrent

reduction of Cr(III} — Cr{II}.

CH.OH
CiCly = 2C,H,CHLMZCl —  (CH CHLL.CrCl ——=——~  2C,H,CH, (2)

On warming to room temperature dibenzyvichromium chloride interacts with re-
maining CrCl; to give monobenzyichromium dichloride, the latter undergoing homo-
Ivsis to benzvl radicals {(and hence bibenzyl) and CrCl..

{CH CHL),CrCl = CrilICl, —» 2C,H CH,CrCl, + 2[CgH;CH,® =+ CrlICLY — (CH CH.). +2CrCly  (3)

However, the reaction of two equivalents of benzvimagresium chloride with one
of chromjum(III) chloride at —787 resulted in a clear dark orange solution which, on

® This concept could account for some of the anomalous reactions of benzyl Grignard
reviewed by KhbharaschS.

J- Oszgancmetal. Chen:., 2 {1963) 109-1:8



ZT-COMPLEXES OF TRAXNSITION METALS. XVII IIX

methanolysis without warming, gave toluene almost exclusively and only traces of
bibenzyl and unreacted chromium(III) chloride. Similar reactions carried out at room
temperature gave on hyvdrolvsis, Aydrogen, more than half of the benzyl groups as
toluene and most surprisingly, z-benzvlioluene containing traces of bibenzyl. 2-Benzyl-
toluene was characterized by its infrared and NMR spectra, and by oxidation to
2-benzovlbenzoic acid. Since there is little or no chromium(III) chloride recovered,
it can be assumed that these reactions proceed via dibenzvichromium(III) chloride.

CrCl —2CHCHDgCl - (CHCHL).CrCl — Intermediates - 2-Benzyltoluene +Toluene + H, (1)

There are two possible structures for this compound, (V) and (VI), and the ratio in
which they mayv be formed mayv be supposed to depend largelv upon the reaction

CHCeHg CHaCery
S~ .-S S~_ l _-S
\:Cr" :_c -
57 [ \C‘ S” { \CH2C6H5
CraCeiiy ct
v) (vt}

temperature and the solvent used. However, it can be anticipated that on hydrolysis
both forms will give toluene and that on warming to room temperature some structural
changes will occur. Whereas structure (V) may suffer thermal and hydrolvtic cleavage
to give benzvl radicals and subsequent products, bibenzyvl and toluene*, structure
(VI) can cither undergo similar cleavage of the C;H;CH—Cr bond o- rearrange inter-
nally to either z-benzyvlbenzvl-Cr(H)CI or 2-benzyitoluene and CrIClL. The ultimate
“hydrolyvsis™ product of dibenzvlichromium(III) chloride can be therefore either bi-
benzyl and CrCl,, if excess CrCl, is present (Eqn. 3}, or 2-benzylitoluene, hydrogen
and toluene (Eqn. 4) depending upon the reaction conditions and the relative con-
centrations of (V) and {VI).

Attempts were made to obtain crystalline dibenzyvlchromium chloride, but the
intensely dark orange solutions gave onlyv oily deposits from a variety of mixed
solvents. Triphenyvlphosphine, tributyvlphosphine and 2,2’-bipyridyl failed to produce
crvstalline complexes.

Reaction between three equivalents of benzyvimagnesium chloride and chromium
(I1I) chloride tristetrahvdrofuranate vielded final products which were dependent not
only on temperature but more strikinglyv upon whether pure diethyl ether or a mixture
of diethyl ether and tetrahvdrofuran was used as solvent. In diethyl ether, toluene,
2-benzvitoluene, hvdrogen, a small amount of frans-stilbene and a vellow z-complex
were consistently and reproducibly formed. The latter, isolated as the highly stable
tetraphenviboron salt, C,;H-BCr, m.p. 18g-190°, was demonstrated to be :z-(2-ben-
zvitoluene)-z-toluene-chromium(I} by physical methods, chemical reduction and
thermal decomposition**. There are two structures, (VII) and (VIII}, possible for this

" Itis known that the thermal decomposition of dibenzyltin gives bibenzy1?, and more recently
it has been shown that tribenzyvigermane gives bibenzyvl and much toluenel®.
** During the progress of our work an abstract appeared!! stating that an apparently simiiar

reaction had given bibenzyl, frans-stilbene and a z-bibenzyl-z-toluene-chromium complex. In the
absence of experimental details no comment can be made about this result.

J. Organomstal. Chenr., 2 (1664) 100-118



112 F. GLOCKLING, R. P. A. SNXEEDEN, H. ZEISS
complex. Assuming free rotation about the methylene group in z-benzyltoluene, only

compound {V1I) should be resolvable into optically active forms. However, at present
we are unable to differentiate between (VII) and (VIII); but it can be said that the

Sy

I

e, s

2

]

(L]

i
g

Vi) (v

z-complex is homogeneous. The explosive perchlorate of -(2-benzyltoluene)-z-
toluene-chromium(I) has also been prepared. However, attempts to obtain the corre-
sponding chromium(o}-zz-complex directly from the reaction mixture were fruitless.

In ether-tetrahyvdrofuran mixtures the results were erratic, the products being
either toluene, bibenzyvl and no bis-arene-chromium(I) complex, or, toluene, 2-benzvl-
toluene, traces of bibenzyvl and a small amount of the vellow t-complex already des-
cribed. The reaction products depend critically on the ratio of diethyl ether to tetra-
hydrofuran.

In the absence of isolable intermediates any mechanistic proposal is speculative.
However, the present observations can be rationalized in a reaction sequence which is
based upon known facts concerning ¢-bonded arvichromium compounds. Reference
has already been made to the profound structural changes engendered by the dis-
placement or removal of tetrahydrofuran (e.g. by diethvl ether) from triphenyl-
chromium(III) tristetrahvdrofuranate®; and there is indirect evidence that the dis-
placement or removal of this solvent from solvated o-triallvlchromium occasions a
change to a volatile g-z-triallvichromium complex!®*. For these reasons the inirial
step of the reaction between benzvimagnesium chloride and chromium(III} chloride
tristetrahvdrofuranate at —78° is considered to be the formation of frans-tribenzyvl-
chromuum(IIIj solvated by tetrahvdrofuran (IX). In solutions of pure diethyl ether
this tetrahyvdrofuran is readily lost, and the g-tribenzvichromium(III) becomes frans-
g-z-tribenzvichromium (X). In the latter, two of the benzvl groups are suitably
situated for ortlio-coupling—there is ample evidence supporting the role of chromium
in promoting this tvpe of synthesis!*—to (2-benzvibenzvl}-benzvl-chromium hy-dride
(XII} or by a 1,3-hvdrogen shift {promoted by the chromium center) to z-(2-benzyvi-
toluene)-g-benzvi-chromium(I) complex (XIII). Hydrolyvsis of (XII) or (XIII) ac-
counts for the observed products, hvdrogen*”, toluene and 2-benzvltoluene, and seem
to be favorable structures leading to z-complex. The transitoryv existence of both of
these intermediates and/or others cannot be precluded at this time. In anv case
hyvdroger transfer processes such as have been observed here and in previous work with
organometallic complexes?!® are believed to be of sufficient significance to warrant

* It is known that the allyl 2nion can act as a bidentate ligand!$, that is, by forming a 5-3-bond.
**® The volume of hvdrogen evolved is in excess of that which could be liberated by hyvdrolysis
of (XII) or (XIII): hence some of the gas must arise from the reduction of water by CrI or CriL

J- Organomelal. Chem:., = (1963} 109—118



T-COMPLEXES OF TRANSITION METALS. XVII Ii3

detailed examination. Deuterolytic studies are in progress for this purpose and will be
reported in due course.

It is evident that the course of the reaction of benzylmagnesium chloride with
chromium(III) chloride tristetrahydrofuranate and its products are highly sensitive
to (i) the stoichiometryv, (ii) the mode of addition of the reactants, (iii) the temperature
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and (iv) the solvent or solvent mixture. The influence of these factors has been de-
monstrated separately in earlier work!?, but here for the first time their effects are
seen in one svstem of reagents.

EXPERIMENTAL

All operations were carried out under pure dryv nitrogen. Diethyl ether and tetra-
hvdrofuran were freshly distilled from lithium aluminum hydride. Vapor phase
chromatographic analyses were made in a Beckman G-C-2 apparatus. Toluene product
was determined uvsing a 6 {t. silicone 550/firebrick column.

Analvsis of Grignard solution

An aliquot of the ethereal solution of benzylmagnesium chloride used (50 ml, 53.25
mmoles) was hvdrolyvzed at o° and the cther laver separated and dried over sodium
sulfate. The product toluene (4.2 mmoles) was esiimated by vapor phase chromato-
graphy, isolated by fractional distillation, and purified by vapor phase chromato-
graphy. The residue from the distillation was chromatographed on silica gel to give
bibenzvl (0.1 g) m.p. and mixed m.p. 52-53°, and an unidentified oil (0.1 g}.

Ratio of 1: 1 of chromiwm(I1I) chloride and benzyimagnesim chloride

(@) Isolation of bibenzvl and chrominum(Il) chloride. Ethereal benzylmagnesium
chloride (10 ml, 11.3 mmoles) was added slowly to a stirred suspension of the purple
complex, CrCl,(THF); (ref. 15) (4.23 g, 11.3 mmoles) in tetrahyvdrofuran (30 ml) at

J. Organomstal. Chem., 2 (1964) 109-118



I14 F. GLOCKLING, R. P. A. SNEEDENX, H. ZEIS3

—860°. The resulting dark orange-brown mixture, containing much suspended ma-
terial {negative Gilman color test I}, was kept at room temperature for 3 h and then
filtered. After washing with ether the white solid, chromium{(II) chloride tetrahydro-
furanate, was dissolved in air-free water and treated with an excess of bipyridyl in
methanol and dilute (5°9;) perchloric acid. The black complex [(bipyv);Cri(ClOy).
crystallized from the violet solution and excess bipyridyl was separated by sublima-
tion 1 vacuo at 50°. An N-rayv powder photograph of this material was identical with
an authentic specimen.

The orange-brown filtrate from the separation of chromium(ll) chloride was
hyvdrolvzed with air-free sulphuric acid (5°,). Bibenzyl (1.00 g, 97 %), m.p. 50-52°,
was isolated from the colorless organic extract.

(&) Isolation of foluene and unreacted Crll,(THF),. The reaction mixture as in (a)
was maintained at —78° either for r or 23 h (negative Gilman I) and methanolyvzed
using an air-free tetrahydrofuran—metharol mixture at —78°. The deep yellow-brown
cclor was slowly discharged with the reappearance of the purple CrCl,{THY), complex

2.06 g). Toluene (10.0 mmoles) was isolated as described above together with a strong
smelling green oil (0.1 g) containing bibenzyl. Addition of sodium tetraphenylboron
to the aqueous solution gave no x-complex.

Ratio of 1:2 of chrominm(III) chloride and benzvhnagnesivn chioride

(2) With interinediate reduction to chremium(lI). Benzylmagnesium chloride (11.3
mmoles) was added to the complex, CrCi,(THF), {4.23 g, 11.3 mmoles) in tetrahydro-
furan {300 ml} at room temperature. Reduction to CrCl, occurred and after 30 min
the mixture was cooled to —787 and a further equivalent of benzyvlmagnesium
chloride added. After warming to room temperature the clear deep orange-brown
solution was hydrolvzed with air-free water. The aqueous layver contained chromium(lL1)
and after exposure to air, did not give any z-complex with sodium tetraphenyiboron.
{Hydrolvsis using an aqueous solution of the latter salt likewise did not yield any
z-complex.) The organic laver gave toluene (12 mmoles) and bibenzyl containing a
small proportion of 2-benzvltoluene (combined vield 5 mmoles). Crystallization from
methanol gave pure bibenzvi (3.25 mmoles), m.p. 52.5°.

(B 4¢ —;8°. A similar reaction to (g) in which CrCl(THTF); (13 mmoles) and two
equivalents (25.9 mmoles), of benzyimagnesium chloride were used at —78° for 4 h,
gave a clear dark orange-brown solution. In deplicate experiments methanolysis
without allowing the solution to warm (Gilman test I negative) gave toluene (24.65,
23.9 mmoles}). A trace of bibenzyl was detected in each of two experiments and a small
proportion (5%, of the complex CrCl,(THF); remained unreacted. No z-complex
was formed.

(¢} A¢ 20°. Two equivalents of benzvlmagnesium chloride (25.9 mmoles) were
stirred at room temperature with the complex, CrCL(THF); (4.85 g) for 4 h. Treat-
ment with methanol (z ml} gave hvdrogen (16 mi, STP. 0.725 mmole}. Work up in the
normal way gave toluene (r7.; mmoles) and 2-benzyltoluene (0.65 g, 3.6 mmoles)
containing traces of bibenzvl. No m-complex was formed. z-Berzyltoluene was
characterized by oxidation with alkaline potassium permanganate in aqueous—
acetone solution to 2-benzovlbenzoic acid, m.p. and mixed m.p. 125-129°. Its NMR
spectra at 60 Mc/sec showed z{CH.) = 6.11 ‘bibenzyl has 7(CH4) = 7.1l

FJ. Organometal. Ckem., 2 (1964} 1c0-118



ST-COMPLEXES OF TRANSITION METALS. XVII II5

Ratio of 113 of chrominm(III) chloride and benzvimagnesium chloride in dizthyl ether

(@) At 20°. Ethereal benzyvimagnesium chicride {50 ml, 53.2 mmoles) was added to
a suspension of chromium trichloride tristetrahydrofuranate {5.55 g, r4.8 mimoles)
in dicthyvi ether (30 mi) at —78°. After four hours at room temperature (Gilman test
negative) the dark heterogeneous mixture was hydrolyzed with water (50 mi) in the
presence of air, filtered, the residue being washed with hot acetone until the filtrate
was colorless.

The organic layer contained toluene (34.2 mmoles) and a vellow oil (1.2 g). The
latter on chromatography on silica gel gave an oil (0.6 g) which on vapor phase
chromatography furnished pure 2-benzvltoluene (identified by a direct comparison),
trans-stilbene (0.I g), m.p. 117-120° (undepressed with an authentic specimen) and
an unidentified vellow oil (0.1 g}.

The acetone extract was concentrated by distillation under reduced pressure, and
the residue combined with the aqueous phase. This clear solution was treated with
excess sodium tetraphenylboron {7.6 g in 50 ml of water) thereby giving =-(2-benzyl-
toluene)-t-toluene-chromium(I) tetraphenyvlboron (0.695 gj: vellow triclinic crystals
from acetone, m.p. 189-190° (see below).

(0) With intermediate reduction io chrosatin(dI). In a similar experiment in which
a total of 4.8 equivalents (41.1 mmoles} of Grignard reagent was added, removal of
solvents after hydrolysis, left an oil (1.3 g) from which was isolated by micro-cup
distillation (bath temp., 65-70%/0.02 mm) bibenzyl, 2-benzvlitoluene and, in small
vield, a dibenzyvltoluene, m.p. §6-88°. (Found: C, g2.4; H, 7.5; Mol.wt. micro Rast,
261. C, Hyg caled.: C, 92.6; H, 7.4%; Molwt., 272} An unidentified higher boiling
oil (bath temp., 130-140°/0.03 mm) was also formed. The z-complex (0.7 g) was
isolated also.

Exauniination for o-benzvichromiin cations and the isolation of the w-complex perchlorate

Benzyvimagnesium chioride (11.3 mmoles) was added to a suspension of CrCl,(THF),
(3-87 g, 0.3 mmoles) in ether (30 ml) at —78° and then warmed to room temperature
for 30 min when a further 2.2 equivalents of the Grignard solution were added. After
30min the mixture was cooled to —20° and hydrolyzed by the slow addition of 10oml
of air-frze, aqueous perchloric acid (109;). Both the ether and aqueous lavers were
orange-brown with the vellow insoluble m-complex, {2-benzvltoluene){toluene)-
Cr_ClO,, at the interface. On exposure to air at 0° the color faded in the ether iaver
and the aqueous solution turned green. Fiitration gave the vellow z-complex (0.3 g)
which was explosive when drv and decomposed on standing in air overnight. The
aqueous solution was rapidlv and repeatedly extracted at o® with ether to free it
from soluble organic material. Portions of the final deep green aqueous solution gave
no evidence of benzyvichromium(III) species such as [{C;H ;CH,Cr(H,0);* since
heating in air gave no benzaldehvde and heating in the absence of air gave no bi-
benzyl-.

Isolation of =-{2-bensylioluenc)-ct-toluene-chromium(I) tetraphenylboron

An experiment was carried out exactly as described above up to the hydrolysis stage
when, in place of perchloric acid, a solution of sodium tetraphenylboron (S g) in water
(50 ml) was used. Filtration In air gave a mixture of :r-complex and pale green

J- Organometal. Chem., 2 (1964) 100-113



116 ’ F. GLOCKLING, R. P. A. SNEEDEN, H. ZEISS

chromium salts from which the z-complex was separated by extraction with hot
acetone. Recrystallization from agueous acetone gave 0.9 g of the yellow triclinic
crystals of n-(2-benzvitoluene)-toluene-chromium(I) tetraphenvlboron, m.p. 190°
{dec.). (Found: C, 83.4; H, 6.8; B, 1.4; Cr, S.2. C;sH .BCr caled.: C, 83.7; H, 6.6;
B, 1.7; Cr, 8.19,.): Zmaxilog £, 342.1 mp/3.8 and 211.5 mp/ .S in ethanol-acetone.

The complex was unaffected by boiling with 1 3 sodium hvdroxide or 1 M
hyvdrochloric acid for 7 h and was stable to ultraviolet light both as solid and in acetone
solution. Its magnetic moment measured in acetone solution was 1.72 Bohr mag-
netons.

Crystals of the z-complex are triclinic and probably of space group P1i, since the
intensities exhibit the characteristics of a2 centro-svmmetric crvstal. Cell dimensions
are 2= I0.40 A, b= 1119 A, ¢ = 15.88 A, a= ¢0.500°, B=04.248° and y=
110.947°, and its density = 1.243 g/ml. Assuming that in the cell there are two
molecules which are related to one another by a center of symmetry. its molecular
weight is calculated to be 637 {theory, 614}".

The vield of x-complex was not increased by using a larger excess of the Grignard
reagent (5:I ratio) or by boiling the mixture prior to hydrolysis. It was also in-
dependent of the presence of sodium tetraphenviboron either during the hydrolysis
or when added subsequently.

Decoss:position of the x-complex wizk lithicznt alisanwmn hvdride

The z-complex (0.5 g} in ether (1000 ml} was stirred at room temperature in a nitrogen
atmosphere for 3 davs with lithium aluminum hyvdride (3 gj. Hydrolysis and normal
work up gave back 0.26 g of unreacted 7-complex. Toluene and an oil (0.2 g) containing
z-benzvltoluene were detecied by vapor phase chromatography.

Pyrelysis of the t-complex

The z-complex {0.25 g) was heated at 16~? mim, volatile products being collected in a
cold trap. At ¥83° the colur changed from orange to dark-brown and at 190~ extensive
decompesition occurred as the complex melted. Toluene and benzene were isolated
from the cold trap. A vellow-green oil and some crystailine material which condensed
just above the heated surface was shown by vapor phase chromatography to contain
at least 10 components, all more volatile than bibenzvl. A colorless oil which con-
densed well above the heated surface was similarly shown to contain only 2-benzyvl-
toluene by infrared and NMR characterization. The residue from the pyrolysis was
red-brown. On exposure to air it fumed, became quite hot and turned biack.

Raiio of 1: 3 of chromiran(IiI} ciloride and benzyvlmmagnesinm clidoride in dieihyv] ether—
tefrakvdrofurai mixiures
(a) TVith iniermediate reduction to chromiion(ll). The complex, CrCL{THF),
(4.85 g, ¥3.0 mmeles) in feirahvdrofurasn suspension (50 ml) was treated at —78° with
ethereal benzvlmagnesium chloride (o mli, 13.0 mmoles). Aiter one and threz-quarter
hours at rocm temperature the dark-brown mixture was recooled te —78 " and benzyvl-
magnesium chloride (20 ml, 26.0 mmoles) added. Methanolyvsis after 16 h at room
temperature, was carried out with a methanol-tetrahvdrofuran mixture. Filtration
* The crystallographic data was obtained by Dr. J. J. DALY of these laboratcries to whom we
express best thanks.

J- Organrometal Chen., 2 (1663) 109—-1138



T-COMPLEXES OF TRANSITION METALS. XVII 17

after exposure to air gave all the chromium as a green solid. Toluene (25.4 mmoles)
and crude bibenzyl (5.5 mmoles) were isolated as previously described. Noz-complex
was formed under these conditions. Refluxing the mixture for two and one half hours
before hydrolysis gave only 40 mg of m-complex and a black amorphous solid, in-
soluble in dilute acetic acid.

{b) Ai 20°. Ethereal benzyvlmagnesium chloride (50 ml, 38.9 mmoles) was added
to CrCl(THF), (13 mmoles) and tetrahydrofuran (30 ml) at —438°. After 4 h at room
temperature the dark orange-brown solution containing much dark suspended
material was hvdrolvzed with air-free aqueous tetrahyvdrofuran giving hydrogen ( ~ 7
mmole; characterized by combustion). The solution was filtered and the solid washed
well with ether and acetone. Extraction with hexane removed a pale vellow ol (1.15 g)
which was mainiy 2-benzyitoluene containing a small amount of bibenzyl and tarry
material. Addition of sodium tetraphenzlboron to the vellow aqueous solution gave
zt-{2-benzyvltoluene)-z-toluene-chromium(I) tetraphenyviboron {o.4 g)-

A similar experiment using benzylmagnesium chloride (33.9 mmoles) gave
tolucne (24.8 mmoles) and z-benzyitoluene {0.7 g, 3.85 mmoles).

(c) Af —78°. A similar reaction using benzylmagnesium chloride (42 mmoles) held
at —78° for 18 h and then hydroivzed with wet methanol without any intermediate
warming, gave toluene {39.7 mmoles, g5 ™ ) and impure 2-benzvltoluene (0.65 mmole).
Bv contrast, if the reaction mixture was maintained at —60° for the same period,
toluene {26.4 mmoles) and impure 2-benzyvitoluene (5.8 mmoles) were isolated.

Trilithiohexaphenvichrominm(I11) etherate

This complex, prepared according to Hein and Herzog!6 formed orange-vellow crystals
which were pumped at 10~% mm for 2 h. The resulting compound, density 1.IS
(0.1960 g} was hvdrolyzed with a large excess of water In a vacuum apparatus, and
the resulting ether-benzene-water mixture separated by repeated fractional con-
densation through a series of traps at —30, —65, —78 and —196°. Ether, vapor
pressure of 183 mm at 0° (0.0694 g) was collected in the trap at —166°. Benzene, vapor
pressure of 27 mm at 0° (0.1170 g) which collected in the traps at —05 and —787, was
further purified by condensation on lithium aluminum hydride. Both the ether and
benzene obtained in this way were pure by vapor phase chromatographic analysis.
L1,Cr(CgHy) e - 4(CaH )0 requires: C4H,, 56.3°5: (CL.H) 0, 35.6°;,. Found: C H,,
55-7 %435 {C.H )0, 34.9 95 . This compound sheuld have a molecular weight of S32.2z.
Based on this value the NX-ray density iz 1.200" which is in good agreement with the
value of 1.18 obtzined by the flotation method.
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SUMMARY

The reactions and reacting ratios of benzvlmagnesium chloride and chromium(III)
chloride have been examined in detail. The appearatce or absence of the overall

* We thank Dr. P J. WaEeaTLEY of these Iaboratories for determining this velue.
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products after hydrolysis namely, hydrogen, bibenzyl, toluene, =-benzvltoluene,
zt-(2-benzyltoluene)-z-toluene-chromium(I) and érans-stilbene depends critically on
stoichiometry, temperature, mode of additicn and solvent. Hydrogen transfer pro-
cesses within organochromium complexes are uniquely involved in coordinative
synthesis.
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