Feb. 5, 1958

CRYSTAL STRUCTURE OF THE COMPLEX (C.H;);-
TiCLACoHs):
Sir:

In a preceding communication to THiS JOURNAL
there was reported! the synthesis of a soluble
crystallizable complex containing titanium and
aluminum showing catalytic activity in the poly-
merization of ethylene. This fact was taken as
supporting our opinion that Ziegler type catalysts
are bimetallic complexes. It was also supposed
that the two different metal atoms contained in the
crystallizable complex were joined by bridges of the
same type as the one present for instance in the
monochlorodimethylaluminum dimer.?
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Fig. 1.—Patterson projection on the a-b plane.

To confirm the above reported hypothesis, we
wish to communicate some preliminary results of
an X-ray examination of single crystals of the com-
plex (C;:H;):TiCL,AI(CyHj)s.
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The unit cell constants are

a=1577 = 008 A. b = 14.24 = 0.07 ¢ = 7.54 = 0.04
a=8=~=90°

The number of molecules contained in the unit
cell is four, and possible space groups are Pnma or
Pn2ia ((0Ok!) reflections with 2 + [ = 2» + 1 and
(hkO) reflections with 2 = 27 <+ 1 being extin-
guished).

The space group Pnma requires that the molecule
contains a mirror plane. In this case Ti and Al
must necessarily lie in this plane (y = 1/4).

In fact, the Patterson projection on the ¢-b plane
of the interatomic vectors (Fig. 1) showing a con-
centration of the highest peaks along the lines y =
0 and ¥y = 1/, supports the hypothesis that heavy
atoms are contained in the y = 1/, plane.

A complete interpretation of the Patterson pro-
jection confirms that: (1) Pnma must be chosen as
the correct space group; (2) the position and the
weight of the peaks appearing along the lines y =
0, ¥y = !/, may be accounted for by supposing that

You = Yyour = ya1 = Ysand 1 = xey = 0.021;
xa1 = 0.183 or 11 = xciur = 0.271; xcur = xa1 = 0.433

71t
XClx

Moreover, (1) from the pseudosystematic ab-
sence of the reflections 2&3 with 2 = 2# it follows,
with other restrictions, that st — 2o 20
— 2an ~ 0.333: (2) a Fourier synthesis (Fig. 2)
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Fig. 2.—Fourier projection on the a-b plane (only half con-
tours of the heavy atoms are drawn).

on the ab plane shows clearly images of the cyclo-
pentadienyl and ethyl groups, which happen to be
in suitable positions.

A model of the molecule is shown in Fig. 3.

From the model, we may conclude that: (1)
both Ti and Al have a tetrahedral cosérdination and
are joined by bridges of Cl atoms forming a square
ring, the Ti—-Cl and AI-Cl distances being about
2.5 A. (2) The plane of a cyclopentadienyl group
is perpendicular to the line joining titanium to the
center of the group, the five Ti-C distances being
all equal and of the order of 2.3 A. (3) Ethyl
groups are bonded to the Al atoms. The cyclo-
pentadienyl groups in this sandwich e¢z-bonded
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Fig. 3.—Model of the molecule corresponding to the Fourier
projection.

complex are not parallel each other as in ferrocene.
The orientation of these groups appears dependent
on the type of the hybridization of the metal atom
to which they are bonded. Further structural
work for this and other similar compounds is going
on in our laboratory.
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THE REACTIONS OF BUTYL PERBENZOATE AND
OLEFINS—A STEREOSPECIFIC REACTION!
Sir:

Although the reactions of benzoyl peroxide have
been studied in great detail by various workers
during the past several decades,? the chemistry of
a related substance, r-butyl perbenzoate,® except
for several kinetic studies,* has received little atten-
tion. In view of the low reactivity of the perben-
zoate and of the difficulties in isolating well-defined
products from its reaction mixtures this fact is not
surprising.

It has now been found that ¢-butyl perbenzoate in
the presence of a transition metal salt catalyst
(such as a cuprous halide, cupric 2-ethylhexoate
or cobaltous 2-ethylhexoate), reacts with various
olefins to give the corresponding allylic benzoates.

H.C=CH—CH:R + CeH.s(“:~O OC(CHy); —>

H,C=CH—CH—R + (CH,);COH

0—CO0—CsH;

Generally, olefins undergo radical reactions to
give mixtures of isomeric allylic compounds®; but
t-butyl perbenzoate under similar conditions gives
only one allylic benzoate. It appears, therefore,
that this reagent reacts stereospecifically, and can
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thus in certain instances be utilized to advantage
for preparative purposes.

The reaction of {-butyl perbenzoate and cyclo-
hexene in the presence of cuprous bromide at 80°
gives a 709, yield of cyclohex-1-en-3-yl benzoate.

Anal. Caled. for CisHuQOs: C, 77.40; H, 6.96.
Found: C, 77.35; H, 6.71. Similarly, 1-octene
gives oct-1-en-3-yl benzoate. Amnal. Caled. for

CuH0:: C, 78.00; H, 8.63. Found: C, 78.25;
H, 899. No isomeric oct-2-en-1-yl benzoate can
be detected by examination of the infrared spectra
of all fractions from repeated distillations of this
material. Under the same conditions, 1-hexene
givesonly hex-1-en-3-ylbenzoate. Anal. Caled.for
CuHiO,: C,76.60; H,7.85. Found: C,76.87; H,
8.17.

On the other hand, the reaction of cyclohexene
and benzoyl peroxide under comparable experi-
mental conditions gives a mixture of the saturated
cyclohexyl and the unsaturated cyclohexenyl
benzoates in a ratio of about 35 to 65. Amnal.
Caled. for CisHu0:/CisHisO: = 65/35: C, 76.84;
H,7.50. Found: C,77.13; H,7.70; ozonolysis, 669,
unsaturation. The reaction of benzoyl peroxide
and l-octene under these conditions gives, among
other products, a mixture of allylic benzoates
which was analyzed by determining its infrared
spectrum.?

The mechanism and applications of this reac-
tion are now being investigated; results will be
reported at a later date.
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BRANCHED-CHAIN HIGHER SUGARSY?
Str:

Formation of normal ketohexoses by aldol con-
densation of glycerose has been known since
1890.%8 The production of a branched-chain hexose
by condensation of 2,3-O-isopropylidene-glycerose
was reported in 1930.*4 Treatment of higher sugars
with alkali yields a variety of rearrangement and
degradation products,® but except for a normal-
chain dodecitol, described as a product of “reduc-
tive coupling” and isolated from an electrolyzed
sugar—alkali mixture,® no products of self-conden-
sation with more than 6 carbons have been re-
ported. It has now been found that aldoses, sub-
stituted to preclude ketose and 2,3-enediol for-
mation, undergo aldol condensation to form (in
reasonably good yield) branched-chain aldoses hav-
ing twice the number of carbon atoms. By selec-
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