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a nonbranching reaction sequence.’ Therefore, if we consider the
first bond cleavage reaction to be irreversible for both the indole-
and quinone-sensitized cleavage reactions, we would predict all
of the isotope effect to be associated with cleavage of the 5,5 bond
in the indole case and with cleavage of the 6,6 bond in the quinone
case. Observation of an isotope effect associated with cleavage
of the second bond in each case would be indicative of one or more
of the following: (a) a 8-secondary isotope effect associated with
the first bond cleavage, (b) reversible first bond cleavage, and (c)
concerted cleavage of both bonds.

On the basis of previous mechanistic studies on the fragmen-
tation of the photodimer radical cation, we propose that the isotope
effects measured for the anthraquinone-sensitized cleavage support
a stepwise mechanism where the first bond cleavage is effectively
irreversible.”!'"1¢ The small effect on the 5,5 bond cleavage may
thus be due to a hyperconjugative effect!® or due to the small
hybridization change occurring at C5 due to elongation of the 6,6
bond in the transition state.!®

For the radical anion fragmentation, the relatively large isotope
effect observed with the 6,6-dideuterio photodimer may be in-
dicative of an intrinsically different transition state for the first
bond cleavage of the radical anion compared to the radical cation
leading to a larger secondary g-isotope effect. Alternatively, since
the fragmentation of the photodimer radical anion is estimated
to be ~10? times slower than the radical cation fragmentation,’
the large 6,6 isotope effect may be due to reversibility of the 5,5
bond cleavage. Thirdly, the pattern of effects observed for the
indole-sensitized cleavage is also consistent with a concerted
fragmentation with an asymmetric transition state.

The previously published isotope effect studies on the DNA
photolyase catalyzed cleavage of deoxyuridine dinucleotide pho-
todimers are shown in Table II.# While these isotope effects
are clearly not identical to either of the model systems due to the
different forward commitment factors for the models and the
enzyme, the pattern (i.e., substantial isotope effects for both the
cleavage of the 5,5 and the 6,6 bonds) is similar to that observed
for the indole-sensitized cleavage. Thus, we propose that the
enzymatic reaction proceeds via the fragmentation of a photodimer
radical anion. Studies utilizing photodimers substituted with an
iodomethyl radical trap!? are now in progress to examine the
timing of the bond cleavage steps.
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the rate constant for the second bond cleavage has a lower limit of ca. 10° 571,
Newcomb! has recently measured the cyclization of the 2,2-dimethyl-5-
cyano-4-pentenyl radical as proceeding with a rate of 1.9 X 10*s™1. Hence,
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Liquid crystals with transition-metal core groups (metallo-
mesogens) are increasingly a topic of investigation since metals
can impart useful shapes and properties which are not easily
produced in totally organic liquid crystals.! A major distinction
between metallomesogens and most organic mesogens is their
greater tendency to exhibit intermolecular dative coordination in
the solid state.! These interactions can result in phase behavior
with kinetic, structural, and thermodynamic complexities, Lut they
also provide an opportunity to create useful supermolecular or-
ganizations. We have been exploring the use of intermolecular
dative coordination in liquid crystalline materials to create non-
centrosymmetric assemblies with second-order nonlinear optical?
and ferroelectric®* properties. Toward this end we have been
investigating high oxidation state early metal monooxo complexes
which have a propensity to exhibit either trigonal-pyramidal or
square-pyramidal structures® and in some cases assemble to give
polymeric linear chain structures (e.g., (—M=0---M=0—),)
in the solid state. We have been focusing initially on the vanadyl
Schiff-base complexes n(salen)VO, n(salpn)VO, and n-
{(Me,salpn) VO shown®’ and report herein that #(Me,salpn) VO
species form a new type of unidirectional (head-to-tail) liquid
crystalline linear chain polymer.

The n(salen) VO complexes are green polymorphic materials
which all display smectic mesomorphic behavior. A high-tem-
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therein.
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Phenomenological Theory of Ferroelectricity; Pergamon Press: New York,
1970. (d) Kittel, C. Introduction to Solid State Physics, 5th ed.; John Wiley
and Sons: New York, 1976; Chapter 13. (e) Burfoot, J. C.; Taylor, G. W.
Polar Dielectrics and Their Applications; Macmillan: New York, 1979.
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W. Science 1986, 231, 350 and references therein. (b) Walba, D. M.; Slater,
S. C.; Thurmes, W. N,; Clark, N. A,; Handschy, M. A_; Supon, F. J. Am.
Chem. Soc. 1986, 108, 5210. (c) Walba, D. M.; Rohini, T. V.; Clark, N. A;
Handschy, M. A; Xue, J.; Parmar, D. S,; Lagerwall, S. T.; Skarp, K. J. Am.
Chem. Soc. 1986, 108, 7424. (d) Walba, D. M,; Clark, N. A. Ferroelectrics
1987, 84, 65. (e) Walba, D. M.; Razavi, H. A; Clark, N, A;; Parmar, D. S.
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perature smectic A (S,) phase, identified by a homeotropic tex-
ture,? is observed for n = 10 and 12, and one or two additional
smectic phases with broken focal conic textures are present at lower
temperatures for all of the compounds (Table I). X-ray dif-
fraction of the low-temperature phases at 25 °C shows a single
sharp peak at low angles and a broad amorphous halo at larger
angles. For 8(salen)VO, the low-angle peak which corresponds
to the interlayer spaciniof 26.3 A is considerably less than the
molecule’s length (34.9 A), indicating that the smectic layers are
tilted and/or highly interdigitated. The lack of intralayer posi-
tional order and our inability to produce a homeotropic texture
lead us to the conclusion that the lower temperature phases (Sc;,
Sc2 Scy) are of the smectic C (S¢) variety.® This data and a V=0
stretching band at 973 cm™ (V="20 934 cm™") which is insensitive
to mesophase® are both consistent with a monomeric structure for
the n(salen)VO species.!0

When propylene groups connect the Schiff-base nitrogens,
orange n(salpn)VO complexes with a strong tendency toward
linear chain formation result.!!  The n(salpn)VO’s V=0
stretching bands at 856 cm™ (V=130 806 cm™), which are
characteristic of linear chain formation,'? are 117 cm™! lower
in energy than those of the n(salen) VO species. Unfortunately,
the n(salpn)VO complexes do not exhibit liquid crystallinity, and
they melt with decomposition at about 300 °C as shown in Table
I

Having determined that too rigid of linear chains can prevent
liquid crystallinity, we investigated the n{Me,salpn) VO species
in which the steric interactions of the geminal dimethyls produce
a slight weakening of the linear chain structure. This approach
has been very successful, and all of the n(Me,salpn) VO species
are orange linear chain compounds with a V=0 stretching band
at 869 cm™ (V=20 835 cm™), which is 13 cm™ higher in energy
than the corresponding band for the n(salpn)VO species. An X-ray
crystal structure performed on 7(Me,salpn) VO confirms the linear
chain structure (Figure 1) and shows that the molecules pack in
a highly interdigitated layered structure. An elongation of the
V=0 in the linear chains relative to monomeric vanadyl com-
plexes!?® indicates that there are substantial intermolecular in-
teractions and this organization is more than a crystal packing
effect.

Differential scanning calorimetry of the n(Me,salpn) VO species
shows two major enantiotropic mesophases (Table I). Varia-
ble-temperature IR studies reveal the presence of linear chain
structures in both of these liquid crystalline phases. QOur results
for 8(Me,salpn) VO indicate that the linear chain structure di-
sassembles above its isotropic point (171 °C), and the V=0 band
shifts to higher energy (987 cm™), as is characteristic of a mo-
nomeric complex.!* Cooling the complex into its higher tem-

(8) (a) Gray, G. W.; Goodby, J. W. G. Smectic Liquid Crystals, Textures
and Structures; Leonard Hill Pub.: Glasgow, 1984. (b) Demus, D.; Richter,
L. Textures of Liquid Crystals; Verlag Chemie: Weinheim, 1978.

(9) The V=0 stretching band is very sensitive to linear chain formation
and coordination of donor ligands, which both produce shifts to lower energy.
However, in (bidentate) salicylideneaminato~vanadyl complexes the origin of
low-frequency stretching V=0 bands has been debated. (a) Pasquali, M;
Marchetti, F.; Floriani, C.; Merlino, S. J. Chem. Soc., Dalton Trans. 1977,
139. (b) Hamilton, D. E. Inorg. Chem. 1991, 30, 1670.

(10) X-ray crystallography has previously established a monomeric
structure for (salen)VOQ. Riley, P. E.; Pecoraro, V. L.; Carrano, C. J.; Bo-
nadies, J. A.; Raymond, K. N. Inorg. Chem. 1986, 25, 154,

(11) This effect has been reported previously: Mathew, M.; Carty, A. J;
Palenik, G. J. J. Am. Chem. Soc. 1970, 92, 3197.

(12) Boas, L. V.; Pessoa, J. C. In Comprehensive Coordination Chemistry;
Wilkinson, G., Gillard, R., McLeverly, J., Eds.; Pergamon Press: New York,
1987; Vol. 3, Chapter 33 and references therein.

(13) For 7(Me,salpn)VO, the V==0 bond is 1.622 A, whereas in the
monomeric (salen)VO complexes, the V==0 bond is 1.59 A (ref 10).

o (14) En CH,Cl, solution n(Me,salpn) VO species also exhibited a V==0 of
87 cm™.
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Table I. Phase Behavior of n(salen)VO, n(salpn)VO, and
n(Me,salpn) VO Determined from DSC and Optical Textures?

A. n(salen)VO
<—cooling (5 deg/min)
Sc; 81.8(0.8) S¢;
Se; 779 (0.6) Sg

I
I

St 1840 (33) I

Sc; 50.2(0.6) Sgf 188.4 (7.4 1
I
I
I

176.6 (3.6)
192.6 (3.8)

[CRS - v
o>

Sc; 624 (0.7) Sq 1789 (2.9) Sg 1982 (1.0)¢
10 Sc; $8.2(0.2) S 1653 (32) S. 2093 (1.2)
12 Se; 713(0.7) S 148.7(24) S, 2116 (1.2)

B. n(salpn)VO
heating (20 deg/min)—

n
6 K, 3104(.1) I,
7K 160.1 (0.9) K,  303.5(109) I,
8 K, 168.6 (1.1) K, 3120(114) I,
10 K, 166.2 (2.5) K, 285.0 (15.7) Iy
C. n(Meysalpn)VO
n «~cooling (5 deg/min)
5 S’ 1845 (5.3)
6 Sic; 601(21) Sy 159.0-155.5 (12.6)%
7 St 407 (1.1)  Spo  150.5-149.4 (7.9)%

bt ot ot bt o o ot

8 Sic; 89.1(53) Sicr  161.6-158.2 (6.6)%¢
10 Sic, 1002 (8.3)  Spe;  149.1-146.6 (6.8)%
12 S, 987(17.0) Si  141.3-140.2 (7.4)4%
14 S;c, 968(17.1) Sy 139.8-137.8 (7.2)%¢

“The data for n(salen)VO and n(Me,salpn)VO are obtained by
cooling the isotropic phase, and for n(salpn)VO the data is obtained by
heating crystals. Phase-transition temperatures (°C) are listed be-
tween the phases, and the transition enthalpies (kcal/mol) are in par-
entheses. S¢; and S are fluid smectic C phases, Sc, is a nonfluid
smectic C phase, K; and K, are crystal phases, I, indicates that the
compound melts to an isotropic phase with decomposition, S;c, is a
high-temperature fluid smectic phase with linear chain structure, and
Sic, is a lower temperature nonfluid smectic linear chain phase. ¢This
phase looses fluidity at lower temperatures. ¢The S¢; and S¢; are ob-
served to coexist around the phase-transition temperature, and the
DSC thermogram shows two unresolved peaks which exhibit a pro-
nounced scan—rate dependence. 4Monotropic transition. ¢Multiple
(3-5) smectic linear chain phases occur over this range which appear
as unresolved DSC peaks at slow scan rates and as a single peak at
scan rates of 10 deg/min or faster.

Figure 1. An ORTEP drawing of the unit cell of 7(Me,salpn)VO viewed
approximately down the g-axis. The linear chains (—V=0---V=0—),
are oriented vertically and organize into highly interdigitated layers which
are perpendicular to the plane of the paper. All of the linear chains in
a given layer are pointing in the same direction to give ferroelectric
organization within each layer. A bulk antiferroelectric structure results
from the antiparallel organization of the linear chains in neighboring
layers.

perature mesophase (S ;) causes the linear chain structure to
reform with a V=0 band at 875 cm™!. Further cooling into the
S phase at 36 °C produces an additional shift of 8 cm™! to lower
energy, indicating that an even stronger linear chain structure is
present in the low-temperature mesophase. Other members of
the n(Me,salpn) VO series were found to behave similarly.
X-ray powder diffraction and polarizing microscope analysis
indicate that both of the main mesophases are smectics.® The Sy,
phase is of low viscosity and exhibits a very smooth, well-defined
focal conic texture. Cooling into the lower temperature S; ¢, phase
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produces a pronounced graining and cracking, and the smooth
texture is restored with reheating to S;¢,. The well-defined and
smooth nature of the focal conic texture of the S, phase is
unusual for a polymeric material and necessitates facile splay
deformations. These features and the high fluidity suggest that
there is a low degree of position order between the linear chains
and that the chains are quite flexible in this phase. However,
X-ray studies on the S; ¢, mesophase of 8(Me,salpn) VO indicate
that positional order exists between the linear chains with major
wide-angle diffraction peaks at 10.3, 9.1, 3.8, and 3.7 A in addition
to the lamellar peak at 20.2 A.

In summary, we have developed a new type of unidirectional
liquid crystalline polymer with a low-viscosity phase possessing
supermolecular domains of polarization. These properties make
these materials attractive candidates for poling into acentric states,
and our initial experiments have indicated that the n(Me,salpn)VO
complexes are readily oriented to give a homogeneously ordered
phase in fields of 10° V/cm.
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The chemistry of the diazirines has a relatively short history,
dating from the discovery of these compounds in 1960. The past
30 years have seen a high level of activity in the study of their
chemistry, with advances in the field being regularly reviewed.!-

(1) Moffat, J. B. In Chemistry of Diazonium and Diazo Groups, Patai,
S., Ed.; Wiley-Interscience: New York, 1978; Part 1.

Table I. Comparison of Bond Lengths and Angles in Diazirines’
bond 1engths (A) bond angle (deg)

compound N=N C—N N—C—N
(C,oH,CH,)CICN, 1.244 (10) 1.465 (10) 50.3 (5)°
MeCICN, 1.241 (5) 1.462 50.2 (5)
MeBrCN, 1.240 (5) 1.462 50.2
(Me),CN, 1.235 (5) 1.490 (10) 48.9
MeHCN, 1.235 (5) 1.481 (10) 49.3 (3)
F,CN, 1.293 (9) 1.426 (4) 539 (4)
H,CN, 1.228 (3) 1.482 (3) 48.9
this work 1.229 (3) 1.460 (1) 49.8 (1)*

“Dimensions derived from single-crystal X-ray diffraction. Other
dimensions derived from rotational spectra.

Figure 1. F, map through the plane of the diazirine ring. Contours are
at 0.5 e/A’,

Curiously, apart from the structure of a hetero dimetal complex,’
only one X-ray structure of a free diazirine ring has been reported,’
and this compound decomposed in the X-ray beam, even at low
temperatures. We report here the structure of 3-[(p-nitrophen-
oxy)methyl]-3-chlorodiazirine (I), a remarkably stable compound
with such a good crystalline form that it has been possible to collect
low-temperature X-ray data of a quality suitable for deformation
electron density studies.

(2) Schmitz, E. Adv. Heterocycl. Chem. 1979, 24, 63.

(3) Heine, H.-W. Small Ring Heterocycles; Wiley: New York, 1983; Vol.
2, p 547.
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(5) Methoden der Organischen Chemie; Regitz, M., Ed.; Houben-Weyl:
Vol. E19b. Carbene; Thieme: Stuttgart, Germany, 1989.

(6) Battaglia, R.; Kisch, H.; Kruger, C.; Liu, L.-K. Z. Naturforsch., B:
Anorg. Chem., Org. Chem. 1980, 35B, 719.

(7) Linden, A.; Cameron, T. S.; Liu, M. T. H.; Anand, S. M. J. Org.
Chem. 1988, 53, 1085.
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