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Abstract: We have created self-assembled disk-like aggregates of predictable stoichiometry which form discotic
liquid crystalline phases. Attempts to assemble multiple molecules of one compound radially about a second acting
as a template failed, presumably owing to the existence of a stable crystalline phase of the template. This difficulty
was obviated by the choice of tetrakisglkoxy)-6(5H)-phenanthridinoneslé—c), which were expected to form
disk-like dimers by analogy with pyridones. All three of these compounds form columnar hexagonal liquid crystalline
phases as shown by DSC, POM, and X-ray diffraction experiments. Infrared measurements slawdleadist as
hydrogen-bonded aggregates to temperatures well above their clearing points. Intercolumnar spacing and density
considerations require the discotic entities to be dimers.

Liquid crystalline phases (mesophases) formed by rodlike columnar mesophase formation by well-defined disklike su-
(calamitic) molecules have been known for more than 100 pramolecules.
years! More recently mesophase formation by disklike mol- Self-assembly of non-disklike molecules to form columnar
ecules (discotics) was predicfeaind verified® Both nematic ~ Mesophases was first noted for neat sGay,a discotic system.

and columnar organizations are knofviWhile there are many ~ More closely related to simple discotics are examples like
examples of calamitic mesogens that are formed by self- diisobutylsilanediof, Lattermann’s monoaryl esters oif, cis-

assembly via hydrogen bondifighere was no precedent for 1,3,5-cyclohexanetr|d1,anpl Praefcke’s inositol derivativés.
These molecules associate to form columnar mesophases

primarily owing to amphiphilic interactions including hydrogen
bonding. Percec’s examples of large wedge-shaped molecules,
which assemble into columns in emulation of tobacco mosaic
virus, are the highest development of this type of self-assembly.
The “endo recognition”, which builds the column cores, is
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essentially amphiphilic; while the “exo recognition”, responsible
for the column peripheries, is based on shape recognitiom.
the preceding examples, the factors that determine the number
of units that will constitute “one disk” in the aggregated state
remain to be elucidated completely, and confidanpriori
prediction of this number is usually not possible. Pereeal.

cited an example in which a column stratum comprises an
average of 5.8 wedge-crown ether urifs. H

Others have used association mechanisms that lead to Rgro =
predictable stoichiometry. Thus, Matsunagfaal. employed 720 N AR 0
hydrogen bonding, which is directed along the column axis to RO
stabilize columnar mesophasés| ehnet al. reported cases of RO o
complementary base pairidg§,and Maltlieée et al. have de-
scribed a case involving carboxyl dimer formatién.In the
latter two cases clearly defined dimers are generated and then
stack to form columns. But the resulting discotic mesophases
are formed by simulation of disks liywo dimers that pack side
by side, a behavior not easily predictable on the basis of
molecular structure.

Our contribution, described below, provides an example of
rational molecular design of self-assembled disklike supramol-
ecules with predictable stoichiometry that, in turn, form
columnar mesophases. We have used pyridone dimerization
which is extensively documented in solution and the solid ktate
and was elegantly employed by Wuestal. as the basis for
their construction of highly associated solids using a concept
they call molecular techtonid4:1> To provide sufficiently large
central planar cores for our discotics, we choose to study)s(5
phenanthridinones. This is not expected to affect dimerization,
since compound itself exists as the hydrogen-bonded dimer
in its crystalline staté®

Zuni@-0

RO

OR

Figure 1. Potential hydrogen-bonded complex of trisalkoxystilbazoles
with trimesic acid. R= n-octyl, n-decyl, andn-dodecyl.

hexacarboxylic acid), in 3:1 or 6:1 mole ratio, respectively, in
THF or pyridine followed by evaporation, infrared and melting
point criteria revealed formation of new compounds. The
trimesic acid-stilbazole complexes chromatographed on silica
gel TLC plates as single compounds of unidevhich lacked

the characteristic fluorescence of the pure stilbazoles. Optical
microscopy, however, revealed that these solid state complexes
decomposed at a temperature above the melting point of pure

R R X i . . X
R R stilbazoles to give heterogeneous mixtures in which crystals
‘ ‘ floated on an isotropic melt.
o In a second case, we attempted to prepare a 3:h-bis(
o decyloxy)phthalimid€®—melamine complex (Figure 2). In this
O O case no evidence of compound formation was observed. The
R R bis(n-decyloxy)phthalimide melted at its characteristic melting
R 1 R=H R point of 139 °C to give melamine crystals suspended in
1a R =0Ooctyl L
1b R =Odecyl phthalimide melt.
1c  R=0Ododecyl Failure of these experiments is probably caused by the
existence of very stable crystalline phases of the pure polycar-
Results and Discussion boxylic acids and of melamine, rendering complex formation

thermodynamically noncompetitive. Thus, we changed to the
pyridone/phenanthridinone strategy obviating at once this
problem and the requirement that two different compounds form
a single phase. The thermodynamic driving force for dimer
formation, AG°® = —2.7 kcal/mol andAH® = —5.9 kcal/mol

for pyridone itself in chloroform at 25€,2° led us to expect
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Ungar, G.; Gatty, S. VJ. Chem. Soc., Perkin Trans.1993 1411. (c)
Percec, V.; Heck, J.; Tomazos, D.; Falkenberg, F.; Blackwell, H.; Ungar, (15) (a) Gallant, M.; Phan Viet, M. T.; Wuest, J. .0Org. Chem1991
G.J. Chem. Soc., Perkin Trans.1D93 2799. (d) Johansson, G.; Percec, 56, 2284. (b) Persico, F.; Wuest, J. D. Org. Chem.1993 58, 95. (c)
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Our initial attempts to create self-assembled disks used centra
templates around which several molecules of a second com-
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alkoxystilbazole® were mixed with trimesic acid (benzene-
1,3,5-tricarboxylic acid, Figure 1) or mellitic acid (benzene-
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Figure 2. Potential hydrogen-bonded complex of bislecyloxy)ph-
thalimide with melamine.

Scheme 1.Synthesis of Phenanthridinone Derivatives
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a) R = n-octyl, b) R = n-decy|, ¢) R = n-dodecy!

a(a) KMnO4, NaOH, 75°C, 88%. (b) EtOH, HSO,, reflux, 94%.
(c) (i) n-butyllithium, ether, -78 to 0OC; (ii) ZnCl,, THF, 0°C; (iii) 3,
Pd(PPh),Cl,, DIBAL-H, THF, reflux, 54%. (d) HNQ, HOAc, room
temperature, 99%. (e) (i) BBr(ii) MeOH. (f) RBr, K,CO;, K, reflux,
4-methyl-2-pentanone. (g) Fe, HOAc, 190; 20—24% for three steps.

derivatives and attempted to convert them into the desired
phenanthridinone derivatives via a final Beckmann or Schmidt
rearrangement. Although 9-fluorenone itself undergoes Beck-
mann or Schmidt rearrangement to giveld(fphenanthridinone
in reasonable yield&! our attempts were not successful under
various conditiond’

Dow has reported synthesis of 2,3,8,9-tetrahydroxy=H{5
phenanthridinone via tetramethoxybiphenyl egté Modifica-
tion of this route as described in Scheme 1 led to the desired
tetrakisf-alkoxy)-6(5H)-phenanthridinoneslé—c).

(21) Keene, B. R.; Tissington, Rdv. Heterocycl. Chem1971, 13, 315.

(22) Dow, R. L., PCT Int. Appl. WO 92 21,660 (Cl. C07D221/12), Dec
10, 1992, US Appl. 706,629 29, May 1991; 64 pp. We thank Dr. Dow for
providing us the experimental details for related syntheses.

J. Am. Chem. Soc., Vol. 119, No. 18,40887

Table 1. DSC Results for
Tetrakisfr-alkoxy)-6(5H)-phenanthridinones

la 1b 1c
K-M2  M7I2 K"M& M712 KM& M@
heating ¢C) 114.2 98.8 1184 88.3 108.0
AH (J/g) 68.0 66.7 2.8 405 1.8
cooling CC) 90.4 1112 78.8 104.7 69.3 103.1
AH, (J/g) 66.0 23 69.0 2.7 579 20

aK: crystalline phase. M: mesophase. I: isotropic phase-|
transitions. Heating and cooling rates: 0.

Following Dow’s route, with the key step a modified
Negishi-type coupling?® biphenyl este4 was obtained and
guantitatively converted to nitrobiphenyl eskewhich was then
demethylated (BB) and quenched with methanol to give crude
methyl ester6. Subsequent alkylation with alkyl bromide,
potassium carbonate, and catalytic amounts of potassium iodide
in refluxing methyl isobutyl ketone followed by chromatography
yielded 7a—c with minor impurities deduced to be the ethyl
and octyl/decyl/dodecyl esters biH NMR spectroscopy.
Reduction of the crud@a—c followed by recrystallization or
flash chromatography afforded the desired alkoxyphenanthri-
dinonesla—c in 20—25% overall yield from nitroestés. The
final products were chromatographically pure, and theithR,
and3C NMR spectra are in accord with the proposed structures.
High-resolution mass spectrometry results were in agreement
with calculated exact molecular masgés.

Thermal Phase Behavior. Thermal phase behavior of
tetrakisi-alkoxy)-6(3H)-phenanthridinone$a—c was studied
using differential scanning calorimetry (DSC), polarizing optical
microscopy (POM), and X-ray diffraction. Results of the DSC
studies, which used heating and cooling rates off@{min,
are presented in Table 1.

Each of the compounds exhibited two, apparently first order,
transitions. The lower temperature transitions exhibit large
enthalpy changes, 40 to 70 J/g, and super-cooling, 19 f€24
characteristic of melting or crystallization. The higher temper-
ature transitions exhibit small enthalpy changes;32J/g,
consistent with clearing (mesophase-isotropic) transitions. Super-
cooling results are irregular: small fdrc, and unexpectedly
large but reproducible fdtb. The mesophase fdiais observed
only on cooling; thus this compound forms a monotropic
mesophase. Two reproducible crystatystal endotherms were
observed forlc below the melting transition.

Polarizing optical microscopy observations confirmed the
existence of viscous fluid birefringent phases at temperatures
between the DSC melting and clearing temperatures. Heating
from the crystalline phase into the mesophase region gave focal
conic textures consistent with columnar organizafiofor
compounddb andlc. Upon cooling from the isotropic phase,
all three compounds exhibit dendritic mesophase gréfvth,
which is a common feature of columnar mesophase formation,
e.g., for triphenylene derivativés$. All the samples exhibited
homeotropic regions.

X-ray diffraction from an unoriented sample bb at room
temperature produced numerous sharp reflections characteristic

(23) Negishi, E.-1.; Takahashi, T;, King, A. O. l@rganic Syntheses
Freeman, J. Pet al,, Eds.; John Wiley & Sons: New York, 1993; Collect.
Vol. VIII, p 430.

(24) Mass spectrometry data were obtained from Midwest Center for
Mass Spectrometry, University of NebrasKancoln.

(25) Billard, J. InLiquid Crystals of One- and Two-Dimensional Order
Helfrich, W., Heppke, G., Eds.; Springer-Verlag: Berlin, 1980; p 383.

(26) Kleppinger, R.; Lillya, C. P.; Yang, @ngew. Chem., Int. Ed. Engl.
1995 34, 1637.

(27) Billard, J.; Dubois, J. C.; Tinh, N. H.; Zann, Alow. J. Chim.
1978 2, 535.
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Figure 3. X-ray scattering diagrams of the unoriented mesophase and

isotropic phase of 2,3,8,9-tetrakisgecyloxy)-6(3)-phenanthridinone ~ Figure 4. X-ray scattering diagram for the mesophase of 2,3,8,9-
(1b) from 110 to 18C°C. tetrakis@-decyloxy)-6(31)-phenanthridinonelp). The radial intensity

distributionl display reflections from inter- and intracolumnar order.

of a well-ordered crvstalline bhase: however. elevation of the The insert shows the azimuthal intensity distributi¢ins = 0.25 A7)
ry P ’ ' of the intracolumnar reflections, derived from a densitometer-scan,

temperature to the mesophase region left only two prominent performed on a flat-chamber X-ray diagram. The original X-ray pattern

reflections. The sharp, intense small angle reflection, which \y5s taken from an oriented sample at 200in the mesophase region.
corresponds to intercolumnar spacing, and the broad halo at 4.5

A, which corresponds to disordered, liquid-like side chains are
presented as a function of temperature in Figure 3. The sharp
reflection at small angle does not disappear suddenly at the
clearing temperature, 12@€. Rather it broadens in a roughly
continuous fashion as the temperature increases, persisting eve
at 180°C, more than 60°C above the thermodynamic and
optical clearing temperature. This behavior, which suggests that
local stacking of disks persists abo\lg, has been reported
previously for Lattermann’s cyclohexane-1,3,5-triol monoegfers.
At longer exposure, an unoriented samplelbfmesophase
revealed sharp reflections corresponding to Bragg spacings of
26, 15, and 13 A (Figure 4), consistent with hexagonal ordering
of columns. The low intensity of higher order reflections
observed here is in accord with expectation for a columnar
hexagonal organization as pointed out by Lev&latit not with
a simple lamellar organization. In addition, a broad shoulder,
which we assigned to the 3.6 A average spacing between disks
in a column, appeared on the wide angle side of the 4.5 A halo. Figure 5. Diffraction pattern from the oriented mesophasdbf The
To verify the columnar structure, we oriented a samplélof flow direction is approximately parallel to the X-ray beam.
in the mesophase by allowing it to flow down the wall of a
quartz X-ray capillary. The insert in Figure 4 presents the diameter within the limit of experimental uncertainty. Com-
azimuthal intensity distribution of this broad reflection, which bination of this value with the 3.6-A intracolumnar disk spacing
demonstrated that it is orthogonal to the column axes, which yields a value of 3.0< 1072 cm™! for the volume of the unit
aligned in the flow direction. Final confirmation of hexagonal cell that comprises one discotic entity. If this is a single
ordering of columns was obtained by orienting the flow direction phenanthridinone molecule, it leads to the unreasonably low
parallel to the X-ray beam. In this case, the diffraction pattern calculated mesophase density of 0.45 g&nwhile if it is a

revealed six hexagonally arranged reflections, (Figure 5). dimer a reasonable density of 0.90 g ©@mat 110 °C is
Monomers or Dimers? We next consider whether the calculated. The same analysis eliminates higher aggregates.
discotic entity is a monomeric tetrakisalkoxy)-6-(3H)- Thus, the discotic entity must be the expected phenanthridinone

phenanthridinone, a dimeric, or a higher aggregate. The small-dimer.

angle reflections we have observed correspond to a interco- Several related observations are consistent with this conclu-

lumnar spacing of 3t 1 A. This does not fit monomeric  sion. First, tetrakis{-decyloxy)-9-fluorenone synthesized in our

tetrakisf-decyloxy)phenanthridinone, a molecule of the size of laboratory” which approximates the shape of monoméae-c

21 x 33 A2 It would require the side chains to be fully but lacks hydrogen-bonding sites, exhibits no mesophase. More

extended in the mesophase, and without interpenetration inpersuasive, however, are the results of a variable-temperature

neighboring columns. An additional diffraction experiment with infrared study oflc from 70 to 170°C, a range which spans

the tetrakisdodecyl derivativéc yielded an identical column  crystalline, mesotropic, and isotropic phases. The amide | band
(28) Festag, R.; Kleppinger, R.; Soliman, M.; Wendorff, J. H.; Latter- at.ca' 1670 cm* underwent only minor shifts in freql’!en.cy qver

mann, G.; Staufer, GLig. Cryst.1992 11, 699. this temperature range. No high-frequency band indicative of
(29) Levelut, A. M.J. Phys. Lett. (Paris1979 40, L81. non-hydrogen bonded amide carbonyl was detetted—H
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absorption appeared as a broad featureless band near-3200 Ethyl 2-Bromo-4,5-dimethoxybenzoate (3).A mixture of 2-bromo-
3300 cnt! throughout the entire temperature range. Had a few 4,5-dimethoxybenzoic acid (2.6 g, 10 mmol), absolute ethanol (50 mL),
percent of monomer been present, this should have beenand concentrated430, (5 mL) was heated at reflux with stirring under

observed as a small sharp- band near 3440 cn#.30 dry argon overnight. Excess ethanol was removed on a rotary
evaporator, and the residue was dissolved in ethyl acetate. The solution

was washed with water ¢3), saturated NaHC§water, and brine and
dried (Na&SQy). Solvent was evaporated to afford ethyl 2-bromo-4,5-
In several attempts to produce self-assembling discotics in dlmeth0>.<ybenzoatelas Elhlte p0\1/vder 2.7 g, 94%), mp 88%°C.
which four to seven molecules comprising two chemical 'R (KBN: 1720 cnr* (C=0 str). *H NMR (CDCk): 6 7.40 (s, 1H,
components were required to associate, we were unable toHe) 7-10 (S, 1HH), 4.39 (@, = 7 Hz, 2H, ~OCH,), 3.92 (s, 3H,
. ' - —OCHS3), 3.91 (s, 3H~OCHSs), 1.41 (1,3 = 7 Hz, 3H,—OCH, CHs).
observe mesophase formation. Causes for failure may be Ethvl 3 4.4 5-Tet thoxvbiphenvl-2-carboxviate (4% T
manifold, but prominent among them is the existence of a very =Yl 3'.4.4,5-Tetramethoxybiphenyl-2-carboxylate (47" To a
. 2 —78°C solution of 4-bromoveratrole (1.50 g, 6.92 mmol) in 10 mL of
stable crystalline phase for one of the components. This

. . anhydrous ethyl ether was addedutyllithium (3.00 mL, 2.5 M in
problem was obviated by use of tetrakis(lkoxy)-6-(H)- hexane, 7.5 mmol) to produce a thick white slurry under dry argon.

phe:nar_lthridinonfes. _The octylox_y, decylo>_(y, ar_1d d(_)decy_quy This slurry was allowed to warm to ¥C and stirred under argon at
derivatives all dimerize as predicted to give discotic entities this temperature for 30 min. Anhydrous THF (5 mL) was then added

Conclusion

which form hexagonal columnar mesophases. to the mixture, and the white slurry was transferred slowly with a dry
syringe to a cold (OC) stirred solution of ZnGlI(1.10 g, 8.07 mmol,
Experimental Section fused immediately prior to use) in THF (10 mL). The resulting turbid

solution was stirred at 0C for 30 min.

General Data. All chemical reagents and solvents were purchased In another flask, diisobutylaluminum hydride (0.25 mL1.0 M in
from Aldrich Chemical Company or Fisher Scientific unless specified CH.Cl,) was addea to a solution of PA(PPITI, (121 mg, 0.25 mmol)
and were used without prior purification, unless otherwise stated. Dry i, anhydrous THF (5 mL) via a dry syringe to givé a deep black
tetrahydrofuran and dry diethyl ethe_r were d',St"_Ied from sodl_um solution. After all yellow Pd(ll) crystals disappeared, ethyl 2-bromo-
benzophenone. Dry methylene chloride was distilled from calcium 4,5-dimethoxybenzoate (1.00 g, 3.46 mmol) was added, and the
hydr@e. ) resulting solution was transferred with a dry syringe to the arylzinc

Thin layer chromatography was performed on Whatman flexible chjoride solution at (°C. After the mixture was brought to room
plates (PE SIL G/UV) or Baker-Flex plates (Silica Gel IB2-F). Flash (emperature, a condenser was attached, and the mixture was heated at
chromatography was performed using 60 A, 2000 meshssilicagel,  yefiux for 40 h. After cooling to room temperature, the mixture was
E)urchased from Aldrich, under dry nitrogen pressutt. NMR and poured into ice-cal 1 M HCI solution. The organic materials were
%C NMR spectra were obtained from Brucker AC200 and MSL300 gytracted with ethyl acetate, washed with water )3 saturated
instruments at 200 and 75 MHz, respectively, with tetramethylsilane NaHCQ;, and brine, and dried (N8Qs). The solvent was evaporated
as internal standard. Routine IR spectra were obtained on a Perkin-q the residue was purified by flash chromatography (30% ethy! acetate
Elmer 1420 ratio recording infrared spectrometer. Mass spectrometry i, hexane. 250 g of silica gel) to afford ethyl&4,5-tetramethoxy-

was performed by the Midwest Center for Mass Spectrometry, pinpenyl-2-carboxylate as a yellowish-white solid (645.1 mg, 54%).
University of NebraskaLincoln following the FAB method with a IR (KBr): 1706, 1730 cm! (C=0 str) !H NMR (CDCL): ¢ 7.39 (s

3-NBA matrix. _ _ _ . 1H, Hs), 6.89 (d,3J = 10 Hz, 1H,Hs), 6.88 (bs, 1HH>), 6.83 (d,3J
Differential scanning calorimetry was performed with a Perkin-Elmer  — 10 Hz, 1H,Hg), 6.82 (s, 1HHs), 4.08 (q,3) = 7 Hz, 2H,—OCH,),
DSC 7 Series instrument at heating and cooling rates 6CItin. A 3.96 (s, 3H,—OCH3), 3.94 (s, 3H,—OCHy), 3.93 (s, 3H,—OCH),
nitrogen atmosphere was maintained ogar 5-mg samples. Daily 3.88 (s, 3H,—OCH3), 1.02 (1,3] = 7 Hz, 3H, —OCH,CHy).
calibration of tenjperaturg and e;nthalpy was performed with.an indiqm Ethyl 2'-Nitro-4,4',5,5-tetramethoxybiphenyl-2-carboxylate (5).
standard. Polarizing optical microscopy was performed with a Leitz To a stirred solution of ethyl '#,4,5-tetramethoxybiphenyl-2-car-

microscope equipped with a LINKAM heating stage. Samples were . : . .
placed between clean glass slides and observed under crossed polarizerbsoxylate (600 ma, 1'73 mmol) in glacial acetic acid (10 mL) was aglded
as they were heated at the rate ofG/min, concentrated nitric acid (25 drops, about 0.4 mL). After being stirred

Wid le X . ¢ d Si D-500 for about 10 min, the reaction mixture was poured onto ice, and the
Vide angle X-ray scattering was performed on a Siemans D- bright yellow solid was extracted with ethyl acetate. The organic phase
goniometer, using Cu & radiation ¢ = 1.54 A) operating in the was washed with bD, 20% NaOH, and brine and dried (3$0).
reflection mode. Heating was maintained with a home-made heating ' !

. Removal of solvent afforded ethyl'-Ritro-4,4,5,5-tetramethoxybi-
stage. Flat chamber exposures on samples, annealed just below th%henyl-z-carboxylate as a bright yellow powder (668 mg, 98.5%), mp

clearing temperature, were performed with a Statton camera, using an 6.1 77-c (it mp 126-128°C). IR (KEH): 1710 (G=0 st), 1515
y P : and 1340 cm! (N—O str). H NMR (CDCL): 6 7.73 (s, 1H,Hy),

2-Bromo-4,5-dimethoxybenzoic Acid (2). A solution of KMnG, 7.61 (s, 1HHz or Hg), 6.66 (s, 1HHs), 6.65 (s, 1HHg or Hg), 4.08
(1.11 g, 7.0 mmol) in water was added to a mixture of 6-bromovera- (g, %) = 7 Hz, 2H,—CO,CH,—), 4.01 (s, 3H,—OCHs), 3.99 (s, 3H
traldehyde (.22 g, 5.0 mmol) and water (20 mL) at@over aperiod  Z01 '3 93 (s, 3H-OCHs), 3.91 (s, 3H~OCHy), 1.09 (3] = 7

of 20 min. The reaction mixture was heated at this temperature for 2 Hz, 3H, —CO,CH,CH>)
h with vigorous stirring. Aqueous KOH (20%) was then added until l,vleth, | ' Nitrod.4' 5 5-tetrahydroxybiphenyl-2-carboxylate (6)
the reaction mixture was strongly alkaline. The mixture was filtered Yy T Y ybipheny Y )

hot, and the residue was washed thoroughly with hot water. The go al solu;igg of eéhzy&_I)GZnitro-l4:4,5,i—tstramethoxybiprlijn):jl-s-car-
combined filtrate and washings were cooled to room temperature, and PoxYate (100 mg, 0.256 mmol) in anhydrous £ was added boron

unreacted aldehyde (121 mg) was removed by gravity filtration. The trlbromlde (0.12mL, 0._32 g, 1.3 mmol) &{78°C via a syringe. The_
clear colorless filtrate was then acidified using concentrated HCI to "€sulting dark red solution was brought to room temperature and stirred
pH 2. The white precipitate was collected by filtration and washed &t r00m temperature for 2 h. Ten milliliters of anhydrous methanol
with cold water to afford 2-bromo-4,5-dimethoxybenzoic acid as a white Was injected with caution through another dry syringe. The solution
powder (1.03 g, 88% adjusted for recovered aldehyde), mp $90.5 Was hea_lted at r_eflux with stirring overnight; the_n most of the solvent
191.5°C. This chromatographically and spectrally pure sample was along with the trimethyl borate generated was distilled. Dry methanol

not further purified. IR (KBr): 1710 cm (C=O str). H NMR was added to the residue. The mixture was heated at reflux for 2 h
(CDCL): 6 7.60 (s, 1HHe), 7.14 (s, 1HH3), 3.95 (s, 3H~OCH,) and methanol and methylborate were removed by distillation. This
3.93 (s, 3H,—OCH»). was repeated one more time, and the residue was further concentrated

in vacuoto afford a deep brown colored solidH NMR (acetoneds)

(30) Conley, R. T.nfrared SpectroscopyAllyn and Bacon: Boston,
MA, 1966; pp 150 and 164. (31) Adopted from the method of Dow, see ref 22.
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revealed no aryl methyl ether signals. This crude mettyiiteo-
4,4 5,8-tetrahydroxybiphenyl-2-carboxylate was used in the subsequent
alkylation.

2,3,8,9-Tetrakisfi-decyloxy)-6(8H)-phenanthridinone (1b). A
mixture of crude methyl 2nitro-4,4,5,5-tetrahydroxybiphenyl-2-
carboxylate, KCGO; (5 g), Kl (0.1 g), 1-bromodecane (0.50 mL, 0.53
g, 2.4 mmol), and 25 mL of methyl isobutyl ketone was heated at reflux
under dry argon with vigorous stirring for 4 days. At the end of the 4
day period, the mixture was filtered hot, and the residue was washed
with hot Skelly C (bp 8899 °C). The combined filtrate was
concentratedh vacug the concentrate was dissolved in ethyl acetate,
washed with 10% KCO;, water, and brine, and dried (b&0,), and
the solvent was evaporated. Flash chromatography (ethyl aeetate
hexane (1:10) as eluent) afforded meth{dnRtro-4,4,5,5-tetrakis-
decyloxy)biphenyl-2-carboxylater) as a light yellow solid (117.9
mg) with minor impurities. IR (KBr): 1720 crt (C=0 str). *H NMR
(CDCls): 6 7.69 (s), 7.58 (s), 6.62 (s), 4.0 (m), 3.63 (s), 1.8 (m), 1.3
(m), 0.8 (m).

To this ester Tb) was added glacial acetic acid (10 mL). About 1
mL of dry THF was added to make sure the esterwas totally
dissolved. Fine iron powder (250 mg, 4.5 mmol) was added to the
solution, and the mixture was heated under argon with vigorous stirring
at 100°C overnight. When the reaction mixture was cooled to room
temperature, excess iron was removed with the magnetic stir bar and

the white suspension was poured onto ice to produce a white precipitate.

The white precipitate was collected by filtration and washed with cold
water. The crude product was subjected to flash chromatography on
a silica gel column (ethyl acetatdhexane 5:95) to afford 2,3,8,9-
tetrakis@-decyloxy)-6(3)-phenanthridinonelf) as a white powder
(50 mg, 24% fronmb in three steps), K 99C M 118°C I. IR (KBr):
3400 (br, N-H str), 1670 cm* (C=0 str). *H NMR (CDCl): 6 9.53
(s, 1H, —NH), 7.86 (s, 1H,H;), 7.49 (s, 1HHag), 7.41 (s, 1H,Hy),
6.69 (s, 1HH4), 4.2-4.0 (m, 8H,—OCH,), 1.9 (m, 8H,—OCH,CH,),
1.5-1.2 (m, 56H,—(CH);—), 0.88 (1,3 = 7 Hz, 12H,—CH3). 13C
NMR (CDCL): 6 162.0 C¢); 153.7, 151.3, 149.1, and 145835 9;
130.8 Csq); 129.7, 118.4, and 111.4£5¢, 10a,10); 110.0, 108.9, 104.3,
and 100.6 C1.4,7,19; 71.0, 69.3, and 69.2(OCH,—); 31.9, 29.6, 29.5,
29.2, 26.1, and 22.7<CH,—); 14.1 (~CHz). MS: Calcd for
CssHggNOs: 819.6741. Found: [M] 819.6741, [MF + 1] 820.6797.
Anal. Calcd for GsHgaNOs: C, 77.60; H, 10.96; N, 1.71. Found: C,
77.35; H, 11.27; N, 2.02.

The following compounds were obtained by using the same
procedure:

2,3,8,9-Tetrakisf-octyloxy)-6(5H)-phenanthridinone (1a): 20%
from 5, mp 114°C; purified by recrystallization from ethyl acetate. IR
(KBr): 3400 (br, N-H str), 1670 cm! (C=0 str). 'H NMR
(CDCl): 6 10.23 (bs, 1H, M), 7.89 (s, 1HH7), 7.50 (s, 1H,H1g),
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7.42 (s, 1HH1), 6.77 (s, 1HH,), 4.24-4.07 (m, 8H,—OCH,—), 1.90
(quin,3J = 7 Hz, 8H,—OCH,CH,), 1.3 (m, 40H,—CH,—), 0.89 (t,3J
=6 Hz, 12H,—CH3). 3C NMR (CDCk): ¢ 162.2 Cs); 153.7, 151.3,
149.0, and 145.4Qz359; 130.9 (Ci9; 129.8, 118.3, and 111.4
(Csa10a,10; 109.9, 108.8, 104.3, and 100.Cy(s,7,19; 71.0, 69.3, and
69.2 (-OCH,—); 31.8, 29.6, 29.4, 29.3, 29.2, 26.1, and 22.7
(—CH.>—); 14.1 (~CHj). MS: Calcd for GsH7zaNOs: 707.5489.
Found: [Mf] 707.5487, [M + 1] 708.5548.

2,3,8,9-Tetrakis(dodecyloxy)-6(B)-phenanthridinone (1c): 24%
from 5, K 88 °C M 108°C I. IR (KBr): 3400 (br, N-H str), 1670
cm! (C=0 str). 'H NMR (CDCl3): 6 9.89 (bs, 1H, M), 7.88 (s,
1H, Hy), 7.49 (s, 1HH10), 7.41 (s, 1HH1), 6.73 (s, 1HH.), 4.24-
4.06 (m, 8H,—0OCH,), 1.90 (quin,3J = 7 Hz, 8H, —OCH,CH,—),
1.5-1.3 (m, 72H,—CH,—), 0.88 (1, = 6 Hz, 12H,—CHjz). *C NMR
(CDCly): ¢ 162.2 Cg); 153.7, 151.3, 149.0, and 145@,(;59; 130.8
(C49); 129.7, 118.4, and 111.L§, 10a.10); 110.0, 108.9, 104.3, and 100.7
(C14719; 71.0, 69.3, and 69.2(0OCH,—), 31.9, 29.72, 29.68, 29.53,
29.46, 29.39, 29.2, 26.1, and 22:7GH,—); 14.1 (~CH3). MS: Calcd
for CeiH1oNOs: 931.7993. Found: [M] 931.8028, [M + 1]
932.8101.
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