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Figure 1. Stereoscopic view with selected bond lengths (A) and angles (deg). Standard deviations in CC, LiC. and LiN lengths were 0.05, 0.07, and

0.07 A, respectively. and in angles. 0.3°.

triene dianion would be 1.! Recently, we prepared (hexa-
triene dianion)dilithium and obtained evidence from a 'H
NMR coupling constant that in solution this substance pre-
fers the Z,Z shape as in 1, but it was not clear whether a
w-bonded ionic species like 1 or a g-bonded covalent one
like 2 was involved.? As this dilithiated substance apparent-
ly crystallized well from the tetramethylenediamine
(TMEDA)-hexane solution in which it was generated, an
X-ray study was initiated to gain further information re-
garding its structure.
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The red twinned crystals were split and mounted in a
capillary under argon. The space group is P2/c with cell
dimensions a = 8.614 (4) A, b = 8.356 (4) A. ¢ = 15.975
(6) A. B = 96.1°, d. = 0.947 g/cm? for CgHgLi,-
2C¢H N>, and Z = 2. A set of 945 reflections >3 was ob-
tained using a Picker FACS-I diffractometer with Cu Ka
radiation. The structure was solved using MULTAN? and
refined anisotropically to R = 0.065. Some disorder was not
surprisingly* noted in the TMEDA and was compensated
for partly by anisotropic thermal motion and partly by re-
fining Cl in two positions. with occupancy factors of 0.78
and 0.22.

As can be readily seen in Figure 1, the crystals consist of
Z.Z-hexatriene dianions ion-paired with lithium-
TMEDA. with a center of symmetry at the dianion center.
The structure is quite similar to that of the corresponding
complex of naphthalene dianion.” The carbons and four of
the hydrogens of the dianion 1 are within 0.02 A of copla-
narity: the C7 hydrogen is 0.17 A and the internal C9 hy-
drogen is 0.87 A out of this plane, both bending away from
the nearest lithium atom. As expected from MO calcula-
tions, the C7-C8 and C8-C9 bonds in the dianion are about
cqually long and are noticeably shorter than the central
bond. 1 can thus be roughly approximated as two allyl an-
ions attached by a single bond. a situation reminiscent of
butadiene (central bond. 1.483 A).¢ As in butadiene, some
delocalization energy is very likely gained in 1 by having
the two 7 systems coplanar.

Knowledge of the geometry of dianion 1 permits more ac-
curate calculation of the electron densities on its carbons:
INDO calculations suggest charges of —0.18, +0.07, and
—0.49 on C7. C8, and C9, respectively.

1t has been proposed by Brooks and Stucky* that carban-
ion stability can be deduced in a complex of this sort from
the Li-N bond lengths. If so. 1, with Li-N bonds averaging

2.107 (7) A, is about as stable as naphthalene dianion.?

The question remains why the dianion 1 prefers the Z,Z
shape in the crystal and in solution.”? MO calculations indi-
cate this shape to be favored in the absence of cation due to
attractive 1,4-overlaps.! However, another factor favoring
this shape in the ion pair is coordination of each metal atom
with four rather than three partially negatively charged
carbons. It is not clear how much each of these factors con-
tributes to making the observed shape the most stable.
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Asymmetric Titanium(IV) Metal. First Example of
a Resolved Titanocene Derivative

Sir:

Dynamic stereochemistry of ligand substitution has been
studied in many cases for square-planar and octahedral
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Figure 1. ORD curves of (+)-1, (=)-1, (+)-2b, and (—)-2a.

complexes. It is well known that the straightforward rela-
tionship between steric course and mechanism which char-
acterizes substitutions at carbon centers is lost in octahedral
systems. Such a relationship must be expected to be better
in tetrahedral or quasi-tetrahedral systems, but examples of
this kind have been limited until now to few complexes of
groups 6, 7, and 8 transition elements.!

Preliminary results concerning chiral titanium complexes
7°-Cp-n>-Cp’TiXY, where the titanium atom is surrounded
by four different ligands, have been published. Chirality of
these complexes has been detected by NMR analysis of di-
astereotopic groups and by isolation of diastereoisomeric
pairs.2-* We have also described the formation of optically
active titanocene compounds by asymmetric destruction of
racemic forms.’> We wish now to report the first separation
of a chiral titanocene complex into its two enantiomeric
forms.

We first tried this resolution through a classical manner
by introducing on one ligand a functional group able to
react with a chiral reagent. Our attempts to obtain such
substrates have not been successful. Another possibility was
to separate the diastereoisomers 7°-Cp-»*>-Cp’TiX*Y and to
remove the chiral ligand X* in a selective and stereospecific

way.
We first established,® that, in the transformation (A),
where 15°-Cp’ bears a chiral group (°-Cp =

7°-CsH4CHCH;3CeHs), the first step gives a mixture of the
two diastereoisomeric forms and that the second reaction is
always selective and stereospecific (R = Cg¢Fs, OR’ =
OCH3, OC(,H4-0-CH3; R = CHg, OR’ = OCHg).7

5
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We used the stereospecificity of the second step to obtain
the enantiomers of (+)-1 [p°-Cp = »°-CsHs; °-Cp” =
7°-CsH4C(CH3)3] which was prepared by the following re-
action sequence:
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Table I. Chemical Shifts (5, 60 MHz in CDCl,) of Protons
Concerned in (—)-2a and (+)-2b

C(CH,), n“CiH, CH,CH- OCH,CH-
(-)2a 1.08 5.82 1.22 4.65
(+)-2b 0.98 5.98 1.25 450

e
“CpTiCl, . 3 o timimyCFMgBe”
' = i CpnCp TiCL —

(£)-1 (1.0 mmol) in dry THF was cooled to —60°C and
treated with the sodium salt of (—)-(S)-2-phenyl-1-propa-
nol® (1.5 mmol). The mixture was allowed to warm and sol-
vent evaporated. Preparative thin layer chromatography of
the residue (ligroin/ether 9/1) afforded the two diastereo-
isomers'® (overall yield 40%:ratio 1/1) 2a (mp 90°C,
[a]®D —146° (¢ 0.3 C¢Hg)) and 2b (mp 120°C [a]®D
+127° (¢ 0.24 C¢Hg)). Characteristic 'H NMR data are
listed in Table I.

n*Cpse___CiFs 7"-Cp._ /CGF,.,H'
Ty “Ti

sop? S oy SOCHC—GH,
(£)1

Me

2a
2b epimeric at titanium

The action of HCl in benzene solution affords finally the
two enantiomeric forms of 1 in 20% yield:

HCl > o
(=)2a = (=)1 (mp 137°C; [a]}®p —193% ¢ 0.22. C;H,)

CI 2% °
(+)-2b H—*(-H-I mp 137°C; [a]®D +190% ¢ 0.22. CH,

Figure | reveals that the ORD spectrum of (+)-2b is
nearly the mirror image of (—)-2a. This result establishes
that in these regions the transitions are almost entirely
those of the metal and are independent of the alkoxy group.
Therefore, closely related compounds with similar proper-
ties should have the same absolute configuration.

This observation cannot be used to assign tentatively a
steric filiation between (—)-2a and (—)-1 (or between (+)-
2b and (+)-1) because substitution of an halogen ligand by
an OR ligand can alter dramatically the morphology of the
ORD curves. However, it is known that HCI cleaves opti-
cally active a-phenethyl phenyl ether with a minimum of
85-90% retention of configuration.'! Of course, one cannot
conclude, a priori, that HCl cleavage of Ti-OR and C-OR
bonds occurs with the same mechanism and dynamic stere-
ochemistry.

Crystallographic analysis of both (—)-2a and (—)-1 is
under way and our aim is to use stereostability of these
complexes to carry out substitution reactions in order to es-
tablish their stereochemical course.
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Optical Rotatory Dispersion and Vacuum Ultraviolet
Circular Dichroism of a Polysaccharide. .-Carrageenan
Sir:

Many polysaccharides have no ‘electronic transitions
above 190 nm. Their optical rotatory dispersion (ORD) in
the near-ultraviolet and visible regions is therefore of the
normal type and Cotton effects are totally absent. Circular
dichroism (CD) in that region is also completely absent. We
report here the vacuum ultraviolet circular dichroism
(VUCD) (155-200 nm) of (-carrageenan; no polysaccha-
ride CD has been reported previously below 190 nm. We
also report a Drude equation analysis of the ORD of «-car-
rageenan.

-Carrageenan was chosen for this study because it has
been well-characterized by Rees and coworkers.'™> It ap-
proximates in structure an alternating copolymer (A-B),,
in which B is a residue of 3-D-galactose 4-sulfate and A of
3,6-anhydro-a-D-galactose 2-sulfate, with a mean residue
weight of 271 for the potassium salts.'2 The glycoside link-
ages are Al—3B and B1->4A. In solution it undergoes a
coil-to-helix transition as the temperature is decreased, with
the helical form being more dextrarotatory than the unord-
ered form.3 Fiber X-ray studies indicated the presence of a
helical structure.®

Figure 1 shows the ORD of a 0.5% t-carrageenan solu-
tion in water at 22°C (curve 2) and in 0.05 M KCl at 24°C
(curve 1) (measured on a Cary 60 spectropolarimeter).
Curve 2 corresponds to the disordered form but in curve 1
the transition to helical form is not complete; the fully heli-
cal form is not achieved at temperatures above the freezing
point of our solution (Chen and Yang, unpublished results).
Both ORD spectra appear to be of the normal type® above
200 nm and obey the Drude equation: [a] = k/(A? — AZ?)
with k = 18.9 X 10%and 13.9 X 106 when A = 155 and 157
nm for curves 1 and 2, respectively. However, since the
VUCD results (see below) show two bands, we can fit the
same data with a two-term Drude equation:

[a] = ki/(N2 = X2) + k2/ (A2 =A%) (D

A plot of [a](AZ = N2) vs. (A2 = M2/ (A2 — X;?) yields a
straight line with A\, and X, preset at 180 and 164 nm, re-
spectively.” We find that k; = —10.2 X 10° and —10.8 X
10° and ky = 29.2 X 10% and 25.2 X 105, respectively, for
curves 1 and 2. The fit is good over the wavelength range of
220-560 nm, except that the data points near 500 nm show
some scatter. The fit is not unique; with A; = 180 nm, low-
ering A» to 160 or 150 nm would also give straight lines, but
the magnitudes of both k| and &, decrease with decreasing
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Figure 1. Optical rotatory dispersion of :-carrageenan in solution:
curve 1, 0.5% in 0.05 M KCI at 24°C, and 2, 0.5% in water at 22°C
(pH 5). The circles are caiculated values based on a two-term Drude
equation. See text for details.
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Figure 2. Vacuum ultraviolet circular dichroism of /-carrageenan film
prepared from aqueous solution.

\o; for instance, k| = —5.9 X 10® and k; = 24.9 X 10¢ with
A2 = 160 nm (for curve 1).

-Carrageenan has no optical transitions above 190 nm
and the CD spectrum measured on commercial instruments
(not shown) indicates only the onset of negative dichroism
as the instrumental wavelength limit is reached near 190
nm. Figure 2 shows the VUCD of (-carrageenan from 155
to 200 nm. For the VUCD study a film of i-carrageenan
was prepared on a | mm CaF; disk by evaporation to dry-
ness of an aqueous solution. The spectrometer® was oper-
ated with a spectral width of 1.66 nm, a time constant of 10
sec and a scan rate of 2 nm/min. Rotation of the film about
the optical axis had no effect on the signal, and there was no
indication of flattening of the CD bands. The data in Figure
2 have been corrected by subtraction of a wavelength de-
pendent scattering contribution to the signal. The wave-
length dependence of the correction was determined by
measuring the scattering contribution to the signal mea-
sured with a film of poly(D.L-alanine). The wavelength po-
sitions of the two bands observed in the VUCD spectrum
and the signs of those bands, together with the ORD data,
are sufficient information to preclude the possibility that a
third CD band at higher energy is contributing significantly
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