indicated by the presence of four methyl doublets at § 1.765,
1.740, 1.830, and 1.810 and four cyclopentadienyl singlets at
6 6.050, 6.034, 6.129, and 6.113 in the ratio of 222:93:22:1. The
four sets of coordinated piperylene resonances are consistent
with those expected based on the possibilities arising from
exo-endo and cis-trans isomerism.

As the temperature was raised the signals assigned to
endo-cis and exo-cis, as well as those assigned the endo-trans
and exo-trans, isomers averaged pairwise. Thus at =32 °C two
sets of resonances have averaged and one observes two methyl
doublets at 1.77 and 1.84 and two cyclopentadienyl singlets
at 6 6.045 and 6.125, respectively, in the ratio of 11:1. In-
creasing the temperature results in further line broadening in
the methyl and cyclopentadienyl regions. These signals co-
alesce at 20 °C to two sharp resonances, a doublet (6.0 Hz) and
a singlet at 6 1.82 and 6.04, respectively. At this temperature
the resonances assigned to the syn and anti protons on the
unsubstituted terminal diene carbon atoms show broadening.
A process by which this exchange may be accomplished is one
involving the formation of a solvated metallocyclopentene
intermediate.!”

C> + ©+ N C> +
; = —_— : RI _— 1
Mo Mo ~ R
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7] Ry R o o Rz (7]
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Configurational interconversion of syn and anti substituents
in 5 may be achieved by flip of the metallocycle envelope fol-
lowed by collapse to the n*-butadiene structure. Passage
through a metallocyclopentene intermediate also serves to
interconvert conformational isomers, but it is a path of higher
energy than the rotational motion corresponding to that ob-
served for 1. The 'H NMR spectrum of cation 5 at 70 °C in
the presence of | equiv of piperylene shows sharp resonances
for the piperylene,'® whereas the syn and anti protons are ex-
tremely broad. Thus we conclude that the configurational
averaging is intramolecular.

In addition to the unusual stereochemical nonrigidity dis-
played by the n*-diene cations, the 53-allyl complexes derived
by stereospecific addition reactions can be used as intermedi-
ates in homologation sequences by activation with
NOPF,.!3

We are continuing to explore the stereochemistry associated
with these species and to enlarge the scope of their reactivi-

ty.
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Effect of Molecular Structure on Mesomorphism. 3.
4-Nitrophenyl 4'-Decyloxybenzoate: A Liquid
Crystal with Novel Mesomorphic Properties!
Sir:

As nonideal behavior of binary liquid crystal mixtures is of
considerable current interest both from a theoretical viewpoint
and in device technology, we wish to report the unusual x-ray

diffraction of 4-nitrophenyl 4’-decyloxybenzoate (1) and its
relation to nonlinear mixture properties of 1. This compound

ON -©' 00oC '@‘ OCoHy
1

was prepared by the reaction in pyridine of 4-nitrophenol and
4-decyloxybenzoyl chloride. Repeated recrystallization of
crude product from ethanol-water afforded 1 as a white
crystalline solid. It melts at 55 °C to a smectic A phase and at
77.5 °C transforms from the smectic A phase to an isotropic
liquid. The smectic phase often appears, between microscope
slide and coverslip, in a homeotropic texture, but can be ob-
tained in a focal-conic fan texture. An x-ray photograph of 1
at 62 °C in its smectic phase showed two prominent diffraction
rings. Using the relation A = 2 d sin 8, the outer diffuse ring
corresponds to a D value of 4.65 A, related to the intermolec-
ular distance in the smectic layers. This value is consistent with
current theory.2 The sharp, intense inner ring corresponds to
a d value of 31.4 A—considerably greater than the length, /,
of 27.4 A for the most extended molecular configuration of 1.
This is quite unusual. Almost without exception this d value,
thought? to be related to smectic layer thickness, tends to be
several angstroms less than the molecular length. A notable
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Figure 1. Condensed, isobaric binary phase diagram for compounds 1 and
§ obtained using Kofler contact preparation (mixed fusion).

exception is for the smectic A mesophases of 4-cyano-4’-
octylbiphenyl (2) and 4-cyano-4’-octyloxybiphenyl (3) as

NC<OXO)CgHrr NC<0<D)>-0CsHy
3

2

described by Gray and Lydon.3 These authors proposed a bi-
layer arrangement of constituent molecules involving inter-
digitated alky! (or alkoxyl) tails to explain the unusual 4 value
(1.4 times the molecular length) for these molecules.
McMillan* has obtained similar x-ray data for 4-cyanoben-
zylidine 4’-octyloxyaniline (4). According to Cladis,® mixtures

NC@CH=N @OCBHW
4

of 4 and a structurally similar nematogen exhibit a new lig-
uid-crystal phase diagram, one in which a smectic phase ap-
pears at lower and higher temperatures than a nematic phase.
A general similarity in molecular structural features is ap-
parent between these compounds and 1, the presence of a
molecule with a flexible hydrocarbon chain on one end and a
small, compact group on the other end.® The unusual d value
for 1, possibly also arising from a bilayered structure, appears
related to nonlinear transition temperature behavior as de-
scribed below. (No monochromator was used with our Rigaku
x-ray generator and thus the middle ring seen in reference 3,
if present in our photograph of 1, may have been masked by
“white” radiation.)

Labes et al.” and Oh?® have reported nonlinear mesophase-
isotropic transition temperatures for binary mixtures con-
taining 4-cyano-4’-pentylbiphenyl which is considered? to have
this bilayered molecular arrangement. It was found that 1 also
promotes nonlinear mesophase-isotropic behavior in mixtures.
A condensed, isobaric binary phase diagram, obtained mi-
croscopically using the Kofler contact method,!? for 1 and
4-heptyloxybenzylidine 4’-butylaniline!!:!2 (8) is shown in
Figure 1 as an example of this phenomenon. The pure com-
ponents show mesophase-isotropic transitions at 77.5 and 76

C7His0<0)-CH=N<O)-C,H,
5

~

°C, respectively. The mesophase existence temperature is
considerably raised by use of 1 in mixtures. This finding is
reminiscent of work by Schroeder and Schroeder!? in which
they found increased S — I temperatures for 4,4’-dihexylox-
yazoxybenzene when it was admixed with nonmesomorphic
nitro-containing aromatic compounds. Compounds such as 1
may prove quite useful in applications where increased meso-
phase-isotropic temperatures are desired. Preliminary work!'4
has revealed that several 4-nitrophenyl 4’-alkoxybenzoates and
other nitro-terminated liquid crystals are likewise effective in
producing pronounced nonlinear mesomorphic behavior in
mixtures.
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Directional Preferences of Nonbonded
Atomic Contacts with Divalent Sulfur. 1.
Electrophiles and Nucleophiles

Sir:

Our studies of nonbonded atomic contacts with sulfur in
crystal structures of three sulfur-containing «-amino acids!
have prompted us to reexamine 69 additional published crystal
structures of organic, inorganic, and organometallic com-
pounds containing divalent sulfur (S bonded to two ligands,
neither one being H). This examination reveals, among other
things, that electrophiles tend to approach S roughly 20° from
the perpendicular to the plane through atoms Y—S—Z,
whereas nucleophiles tend to approach approximately along
the extension of one of the covalent bonds to S.2 We believe that
these regularities portray features of the electron distribution
and indicate preferred directions of electrophilic and nucleo-
philic attack on divalent sulfur.

For each crystal structure examined, all interatomic vectors
up to 4.0 A long (occasionally 4.2 A) were recalculated from
published coordinates. An atom X, not covalently bonded to
a particular S, was considered to make a “nonbonded contact”
if the S...X distance was not greater than the sum of the
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