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Abstract: Itis proposed that members of the family of polycyclic aromatic compounds with an extended phenanthrene-
like structural motif be designated agghenacenes, whereis the number of fused benzene rings]Hhenacene
molecules are related to layers of graphite in the way that ribbons are related to sheets. In order to investigate the
properties of fijphenacenes as materials, methods for the syntheses of these molecules have been developed that
involve Wittig reactions and stilbene-like photocyclizations for the construction of cartembon bonds. The
solubilities of the unsubstitutedhphenacene molecules decrease dramatically with increasiffphenacene, the

largest known example, melts with decomposition at 6%nd is essentially intractable for chemical investigation
owing to its extreme insolubility. This solubility problem was solved by incorporating alkyl substituents. 2,13-
Di-n-pentyl[7]phenacene, 2,13-tkrt-butyl[7]phenacene, and 15,184dipentyl[7]phenacene (mp 325, 290, and 235

°C, respectively) were synthesized and found to be moderately soluble compounds. As a first step in the exploration
of the chemistry of larger phenacenes, 2,17,21,24-teprantyl[11]phenacene was synthesized.

Using Wittig reactions followed by stilbene-like photocy-
clizationd as the key steps for the construction of carbon
carbon bonds, we have developed methods for the synthesis of
various members of the family of polycyclic aromatic com-
pounds having fused benzene rings in an extended phenanthrene-
like structural motif. We propose to designate these compounds
as jnjphenacenes, whereis an integer that indicates the number
of fused benzene rings. As illustrated by the bold outlines in
the schematic representation of a layer of graphite shown in
Figure 1, these phenacene molecules are related to layers of
graphite as ribbons are to sheets. In view of this structural Figure 1. Representation of a layer of graphite illustrating that [
analogy, and in view of the practical importance of graphite as phenacene molecules can be regarded as graphite ribbons.

a material, it is our hope thahphenacenes with large values
of n might show interesting and potentially useful properties Scheme 1

(e.g.,as electrical conductors or as nonlinear optical materials). @ — @
Prior to our recent worRthere appear to have been no reports @ @ @ @
in the literature of any simple unsubstituted phenacenes with 9 6
more than six rings. This limitation can be attributed to
solubility problems, which increase dramatically with increasing hv, I i @@@@@@@ 3
values ofn as a consequence of the very favorable crystal
packing interactions for molecules of this shape. This is 4. 1
illustrated by the trend in the melting points of the four — —
previously known unsubstituted phenacenes: phenanthrene ([3]- @
phenacene), 103C; chrysene ([4]phenacene), 256; picene @ @ @ @
([5]phenacene), 364C; and fulminene ([6]phenacene), 483. R R -
In line with this trend, [7]phenacend)( a compound whose

R
9 6
synthesis we reported recertfBcheme 1), melts with decom- b | @ @ @
position at 565°C.3 —2 12 @ @ @ @ 3
R "R R ' R
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® Abstract published iidvance ACS Abstract&ebruary 1, 1997. 2a (R = npentyl, R' =H): mp = 325°C

(1) Mallory, F. B.; Mallory, C. W.Org. React.1984 30, 1-456. 2b (R = tert-butyl R' = H): - 0

(2) (a) For Part 1 in this series, see: Mallory, F. B.; Butler, K. E.; Evans, 2 (R _ He ‘:,y’ I).' mp = 290 OC
A. C.: Mallory, C. W.Tetrahedron Lett1996 40,7173-7176. (b) Mallory, ¢ (R =H, R = npenty): mp=235°C

F. B.; Butler, K. E.; Evans, A. C.; Mallory, C. W. 1995 International . . L.
Chemical Congress of Pacific Basin Sociefies, Abstract #3294. (c) Butler, [/]Phenacenel] is very insoluble. TO obtain itdH NMR
K. E. M.A. Thesis, Bryn Mawr College, 1996. spectrum (see the Experimental Section), we had to resort to
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carrying out the measurement at 1%Din 1,2,4,5-tetrachloro- Scheme 2

3,6-dideuteriobenzefi@s the solvent. This spectrum is fully Me Me Me Me

consistent with the proposed structure bf In the region )S

characteristic of aromatic bay hydrogedsg.9—9.4) there are Q N\

the expected five signals: one singlet (H-7,8), one doublet with c-cl ° COH
coupling constant of about 8.5 Hz (H-1,14), and three doublets _a, b

with coupling constants of about 9.1 Hz (H-6,9; H-15,18; and 78% 78% 59%

H-16,17). In the region characteristic of aromatibydrogens Me Me Pe

(0 8.0-8.2) there is the expected doublet with a coupling
constant of about 8.5 Hz (H-4,11) and the expected doublet with

a coupling constant of about 9.1 Hz (H-5,10). In the region o &,
characteristic of aromatif hydrogens ¢ 7.6—8.0) there are 2% 67%

the expected two broad triplets with coupling constants of about Pe Pe

8 Hz (H-2,13 and H-3,12). 97% . Cr @ @
[7]Phenacenel] is so insoluble that we had to employ an PhaP 91%

experimental trick even to measure its ultraviolet absorption B HZCI B

spectrum. We placed an appropriately dilute solution of 1,2-

di-1-phenanthrylethylene in air-saturated benzene in a 1-cm 80%

spectrometer cuvette, irradiated this cuvette briefly with ultra-

violet Iigh.t frqm a mercury lamp to produgb by oxidative Br Br OHC CHO

photocyclization (Scheme 2)and then quickly placed the i @ j @

cuvette in a spectrometer and recorded a spectrum (see the——- @ @ - @ @

Experimental Section). At this stage the concentration of 94% 9%

dissolvedl temporarily exceeded its thermodynamic solubility Pe Pe Pe 3 Pe

in benzene; over a period of minutes, the spectrum gradually

disappeared as the solution came to equilibrium by precipitating  * (@) H.NCMe,CH;OH; (b) LiN(i-Pr), n-BuBr; (c) n-BuLi, THF,

1 onto the walls of the cuvette. Bra, hydrolysis; (d) BH, THF; () PCC; () SOGI (g) PhP; (h)
To meet our ultimate goal of synthesizing and characterizing aqueous NaOH, CiEI;; (i) hw, 12; () n-BuLi, DMF, hydrolysis.

[nlphenacenes with large valuesrofit is obvious that we must  gcheme 3

find ways to solubilize these otherwise intractable compounds.

. . CH,ClI = Br Br
The strategy we have adopted for this purpose involves @
incorporating alkyl groups as substituents in order to disrupt . bo @ @ Lo- @ @
the close-packing intermolecular associations found in the 83/" 97% 89%
Pe Pe

crystals of the parent systems. Specifically, we have synthe5|zedPe

Br, CH,OH  Br, CHO (Pe = n-pentyl)

Pe

2,13-din-pentyl[7]phenacene§),? 2,13-ditert-butyl[7]phenacene = n-pentyl) or
(2b),2 and 15,18-din-pentyl[7]phenacene2() (see Scheme 1) PhsR
and have found that these are moderately soluble compounds @ CHO @ Ch

with melting points of 325, 290, and 23&, respectively. These d @ @ e f g @ @
results suggest that alkyl groups are more effective as solubi- 75¢ 70% 91% 56%

lizing substituents when they are located at bay positions such Pe Pé 4

as 15 and 18 rather than at uncrowded positions such as 2 and

13, an effect we attribute to the twisting of the polycyclic _ °(@) PhP; (b) agueous NaOH, GBI, o-bromobenzaldehyde; (c)
framework that bay substituents are expected to cause. hw, I2; (d) n-BuLi, DMF, hydrolysis; (e) NaB (f) SOC: (9) PhP.

With these preliminary results in hand, we turned our attention phine. As illustratelin Scheme 4, these two intermediates were
to the synthesis of a significantly larger solubilized phenacene. assembled by a Wittig reaction to give the bis(arylvinyl)-
As illustrated in Schemes 2 and 3, we first prepared two key phenanthrens, which was then photocyclized to give 2,17,21,24-
intermediates: 3,6-di-pentylphenanthrene-1,8-dicarboxalde- tetran-pentyl[11]phenacenesy.
hyde @) and the phosphonium sdtobtained from the reaction TheH NMR spectrum o, measured in 1,2,4,5-tetrachloro-
of 1-(chloromethyl)-6a-pentylphenanthrene with triphenylphos-  3,6-dideuteriobenzefiesolution at 147°C, is fully in accord

(3) We are grateful to Dr. Andrew R. McGhie of the University of with the proposed struc_ture (_See the EXpe”mental Section).
Pennsylvania for determining the melting behavior of [7]phenacgniy( There are the expected e_'th signals for aromatic ba}’ hydrogens
differential scanning calorimetry. (6 8.9-9.4): one broad singlet (H-1,18), two sharp singlets (H-

(4) 1,2,4,5-Tetrachloro-3,6-dideuteriobenzene was prepared for use as ag 10 gand H-22 23), and five doublets with coupling constants
high-temperature NMR solvent as described in the following: Zimmerman, ~; ' '

H. Mol. Cryst. Liq. Cryst1978 49, 15, of about 9.1 Hz (H-6,13; H-7,12; H-8,11; H-19,26; and

(5) Under these conditions, the dihydrophenanthrene type of intermediate H-20,25). Also there are the expected two signals for aromatic
generated in this photocyclization reaction is trapped oxidatively tofive hydrogens ¢ 8.0—8.2): a doublet with a coupling constant

by reaction with dissolved £ ) . :
(6) For convenience the stilbene analogues in Schemdsa?e depicted of about 8.5 Hz (H-4,15) and a doublet with a coupling constant

asZ isomers, although the Wittig reactions shown in these schemes actually of abogt 9.1 Hz (H-5,14). In the region characteristic of
produce mixtures of and Z isomers. For purposes of purification and ~aromatic hydrogensd 7.6—8.0), the expected broad doublet

characterization, we routinely use catalysis by atomic iodine (produced from ith g coupling constant of about 8.5 Hz (H-3,16) is obscured

I by irradiation with visible light) to isomerize these product mixtures in
cyclohexane solution to the thermodynamically favaesdomer, which is by the signal from incompletely deuterated molecules of the

then recrystallized to high purity. Although stilbene-like photocyclization ~ solvent. Finally, the region characteristic of aliphatic hydrogens
ultimately requires absorption of an ultraviolet photon by fhésomer, (6 0.9-4.2) contains the five signals expected for the pentyl

either thek or the Z isomer can be used as the starting material because 605 at positions 2 and 17 and also the five signals expected
they are interconverted by ultraviolet irradiation. It is sometimes convenient

to carry out photocyclizations starting with tEeZ mixture that is obtained  fof the somewhat more deshielded pentyl groups at positions
from a Wittig reaction. 21 and 24.
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Figure 2. Wavelength of the para band (the longest-wavelength peak
among the set of intense peaks in the electronic absorption spectrum)
for each of a series of five differem]phenacenes in benzene solution

6: mp = 340 °C dec plotted as a function ofn: [4]phenacene (chrysene), 319 fm;
[5]phenacene (picene), 329 riniG]phenacene (fulminene), 338 rfin;

. . [7]phenacenel), 344 nm; and [11]phenacene, 382 nm (estimated as
The ultraviolet absorption spectrum of the [11]phenacene gegcribed in the text).

derivative6 shows the typical pattern of peaks characteristic of

the previously known smaller phenacenes but with the expectedon the synthesis of alkyl-substituted]phenacenes with large
shift of the pattern to longer wavelengths. The magnitudes of values ofn, we have adjusted our approach in two ways. First,
the red shifts in phenacenes as a function of the number of ringswe have decided to emplotert-butyl groups as the alkyl

n can be gauged by using as an index for each particular substituents because they appear to be somewhat more effective
phenacene the wavelength of its so-called para Bavidch is thann-pentyl groups as solubilizing substituents, as judged by
the longest-wavelength peak in the set of intense peaks in itSour observation that the melting point of the tdit-butyl
electronic absorption spectrum. The wavelength of this peak compound2b is lower than that of its dir-pentyl analogu@a.
depends not only on the valuewbut also on the nature of the  Second, we have adopted a modified method of synthesis that
substituents. For example, the peak for the unsubstituted [7]-is designed to produce phenacenes with a higher ratio of the
phenacenel is at 344 nm, but for each of the 2,13-dialkyl number of solubilizing substituents to the number of rings. We
derivatives2ab, the peak is red-shifted by 4 nm, and for the hope to report soon on the implementation of this revised

15,18-dialkyl derivative2c, the peak is red-shifted by 14 nm.  strategy for the synthesis of solubilized phenacenes.
Perhaps steric effects account for our observation that the two

intramolecularly crowded bay-region alkyl groupsdacause Experimental Section

.a larger red shift (14 nm) than the two uncrowdec! alkyl groups General Procedure. Melting points were determined with an oil-

in 2ab (4 nm). The tetraalky![ll]phenacene derivatv@as ~ bath apparatus and are uncorrected. Unless specified othefhise,
its para band at 400 nm. This compound has two bay-region NMR spectra were measured at 300 MHz in Cp&ilution at ambient
alkyl groups and two uncrowded alkyl groups. If the red shifts temperature. A sample of 1,2,4,5-tetrachloro-3,6-dideuteriobenzene was
arising from these two types of alkyl substitution are assumed prepared as previously reportéthe *H NMR signal at 7.67 arising

for simplicity to be approximately additive, one might expect from incompletely deuterated material in this sample was used as the
that they would amount to a total of 18 nm for compoutd reference foFH NMR spectra .measured in.this solvent. Mas; spectra
On this basis one might predict roughly that tnesubstituted were obtained using GC/MS instrumentation. Photocyclizations were
[11]phenacene would have its para band at about 382 nm. Thecarrled out using ultraviolet irradiation either from a Hanovia 450-W
measured values of the para bands for the unsubstitaied [ mercury lamp or from a set of 16 Rayonet 300-r_1m lamps. Elemental
phenacenes with ranging from 4 through 7, along with the analyses were performed by M-H-W Laboratories, P.O. Box 15149,

; . Phoenix, AZ 85018.
value of 382 nm estimated here for the unsubstituted [11]-  \yittig Reactions. Stilbene analogues were synthesized by Wittig

phenacene, are plotted againsh Figure 2. The slope of this  reactions using the following general procedure. The appropriate
plot is only about 9 nm/ring, which suggests that we may be (arylmethyl)phosphonium salt was prepared by treating the correspond-
required to go to quite large valuesrofo obtain highly colored ing arylmethyl bromide or arylmethyl chloride with triphenylphosphine
phenacenes with small band gaps. For our long-term objectivesin refluxing xylenes, after which the reaction mixture was cooled and
it is promising that at least up to= 11 there is no indication the phosphonium salt was collected by filtration, washed with cold

that this 9 nm/ring slope has begun to decrease with increasingxyle”es! and allowed to dry. A solution of the phosphonium salt and
n an aromatic aldehyde in GBI, was stirred vigorously at room

) } s . temperature while a solution of 50% aqueous NaOH was added
The tetran-pentyl[11]phenacens, with its rather high mp dropwise. Subsequently the reaction mixture was heated &E 56r

of 340_ C, IS not as SO_IUbIe as _We had hOPed it would be. abou 1 h and then was allowed to cool and poured into water. The
Accordingly, in the ongoing work in progress in our laboratory |5yers were separated, and the aqueous layer was extracted with diethyl
(7) Clar, E.Polycyclic HydrocarbonsAcademic Press: New York, 1064, €ther. This ether extract was combined with the original organic layer,

(8) Lang, K. F.; Buffleb, H.; Kalowy, JChem. Ber 1964 97, 494~ which was then washed with B, dried over NgSQ,, filtered, and
497. evaporated. Cyclohexane was added to the residue, and the insoluble
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triphenylphosphine oxide was removed by filtration. A small crystal
of I, was added to the filtrate, and the solution was irradiated for about
18 h with visible light to effecZ-to-E isomerization. Evaporation of
the solvents followed by chromatography of the residue on silica gel
with hexanes as eluent yielded tRdsomer of the stilbene analogue.

(E)-1,2-Di-1-phenanthrylethylene. o-Methylstilbene, produced by
a Wittig reaction ofo-tolualdehyde with benzyltriphenylphosphonium
bromide, was photocyclized to give 1-methylphenanthfenghe
reaction of 1-methylphenanthrene with 1 equiv of NBS gave 1-(bro-
momethyl)phenanthrerié,and the reaction of 1-methylphenanthrene
with 2 equiv of NBS followed by hydrolysis gave phenanthrene-1-
carboxaldehydé!

Treatment of 1.90 g (7.0 mmol) of 1-(bromomethyl)phenanthrene
with 1.83 g (7.0 mmol) of triphenylphosphine gave 3.38 g (91%) of
the phosphonium salt. The Wittig reaction of 3.20 g (6.0 mmol) of
this phosphonium salt with 1.24 g (6.0 mmol) of phenanthrene-1-
carboxaldehyde gave, after recrystallization of the crude product from
toluene, 1.70 g (74%) oB)-1,2-di-1-phenanthrylethylene as a yellow
solid. The characterization of this hydrocarbon was reported e#tlier.

[7]Phenacene (1). The photocyclization of §)-1,2-di-1-phenan-
thrylethylene to give [7]phenacend)(and some aspects of the
characterization of were reported earliéf. Additional characterization
of 1is provided here:!H NMR (1,2,4,5-tetrachloro-3,6-dideuterioben-
zenet 150°C) ¢ 9.23 and 9.12 (ABgJ = 9 Hz, 4 H; H-15,16,17,18),
9.16 (s, 2 H; H-7,8), 9.01 (d] = 8 Hz, 2 H; H-1,14), 9.00 (dJ =9
Hz, 2 H; H-6,9), 8.20 (dJ = 9 Hz, 2 H; H-4,11 or H-5,10), 8.17 (d,

J =9 Hz, 2 H; H-5,10 or H-4,11), 7.92 (br §,= 8 Hz, 2 H; H-2,13
or H-3,12), 7.83 (br tJ = 8 Hz, 2 H; H-3,12 or H-2,13); UV (benzene,
nm [relative intensity]) 344 [1.0], 320 [2.0], 304 [2.9] (see text for
details).

(E)-2,2-Dibromostilbene. Treatment of 3.0 g (12 mmol) of
2-bromobenzyl bromide with 3.14 g (12 mmol) of triphenylphosphine
gave 5.8 g (94%) of the phosphonium salt. The Wittig reaction of this
phosphonium salt with 2.09 g (11.3 mmol) of 2-bromobenzaldehyde
gave 3.74 g (98%) ofH)-2,2-dibromostilbene as a white solid that
was recrystallized from 95% ethanol to give white needles: mp-110
111°C (lit.*> mp 108.6-108.5°C); *H NMR 6 7.73 (dd,J = 7.8 Hz,

1.5 Hz, 2 H; H-6,6), 7.60 (dd,J = 8.0 Hz, 1.1 Hz, 2 H; H-3,3, 7.40

(s, 2 H; Ha,'), 7.35 (td,d = 7.6 Hz, 1.1 Hz, 2 H; H-55, 7.15 (td,

J=7.5Hz, 1.5 Hz, 2 H; H-4,%; MS m/z(relative intensity) 340 (M,

6), 338 (M, 13), 336 (M, 6), 178 (100). Anal. Calcd for GHio

Bry: C, 49.74; H, 2.98. Found: C, 49.63; H, 2.89.
1,8-Dibromophenanthrene. A solution of 5.0 g (14.8 mmol) of

(E)-2,2-dibromostilbene, 3.81 g (15.0 mmol) of, land 174.2 g (3.0

mol) of propylene oxid®¥ in 560 mL of cyclohexane was irradiated

(Rayonet) for 7 d. Evaporation of the solvent gave 4.93 g (98%) of

1,8-dibromophenanthrene as a yellow solid. Recrystallization from 95%

ethanol/toluene gave white needles: mp 2235 °C (lit.2* mp 225

°C); 'H NMR ¢ 8.66 (br d,J = 8.3 Hz, 2 H; H-4,5), 8.31 (s, 2 H;

H-9,10), 7.93 (ddJ = 7.6 Hz, 0.8 Hz, 2 H; H-2,7), 7.53 (dd,= 8.3

Hz, 7.8 Hz, 2 H; H-3,6); MSm/z (relative intensity) 338 (M, 45),

336 (M', 90), 334 (M, 45), 176 (100). Anal. Calcd for GHgBr>:

C, 50.04; H, 2.40. Found: C, 49.83; H, 2.29.

Phenanthrene-1,8-dicarboxaldehyde (6) A stirred mixture of 3.0
g (8.9 mmol) of the partly soluble 1,8-dibromophenanthrene and 90
mL of anhydrous diethyl ether was cooled in an ice bath. A solution
consisting of 14.2 mL (35.5 mmol) of 2.5 M-BuLi in hexanes and
10 mL of anhydrous diethyl ether was added dropwise under N
Stirring was continued for an additional 30 min, after which 4.39 g
(60 mmol) of anhydrous DMF was added dropwise. The reaction
mixture was allowed to warm to room temperature and then poured
onto 1 M HPQ,. The resulting precipitate was collected by filtration,
washed with water and diethyl ether, and dried to give 1.91 g (92%)

(9) Wood, C. S.; Mallory, F. BJ. Org. Chem1964 29, 3373-3377.

(10) Bachmann, W. E.; Kloetzel, M. @. Am. Chem. Sod.937, 59,
2207-2213.

(11) Berger, S.; Zeller, K. POrg. Magn. Reson1978 11, 303-307.

(12) Kelly, T. R.; Li, Q.; Bhushan, VTetrahedron Lett199Q 31, 161~
164.

(13) Liu, L.; Yang, B.; Katz, T. J.; Poindexter, M. K. Org. Chem.
1991, 56, 3769-3775.

(14) Dizabo, P.; Mouneyrac, M.-Bull. Soc. Chem. Fr1968 2957
2962.
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of 6 as a yellow solid. Recrystallization from 95% ethanol/toluene
gave pale yellow crystals: mp 26208°C; *H NMR ¢ 10.57 (s, 2 H;
CHO), 9.36 (s, 2 H; H-9,10), 9.03 (d,= 8.4 Hz, 2 H; H-4,5), 8.18
(d,J=7.2 Hz, 2 H; H-2,7), 7.89 (dd] = 8.0 Hz, 7.7 Hz, 2 H; H-3,6).
Anal. Calcd for GeH1002: C, 82.04; H, 4.30. Found: C, 81.96; H,
4.41.

2-(4n-Pentylphenyl)-4,4-dimethyl-2-oxazoline. Treatment of 75
g (0.48 mol) ofp-toluoyl chloride with 91 g (1.02 mol) of 2-amino-
2-methylpropanol followed by 172 g (1.45 mol) of thionyl chloride as
described previousty gave 71.1 g (78%) of 2-(4-methylphenyl)-4,4-
dimethyl-2-oxazoline as a clear, colorless liquith NMR ¢ 7.82 (d,
J=8.2 Hz, 2 H), 7.20 (dJ = 8.0 Hz, 2 H), 4.09 (s, 2 H), 2.38 (s, 3
H), 1.37 (s, 6 H); MSm/z(relative intensity) 189 (M, 8), 174 (100).

A solution of 11.1 g (110 mmol) of diisopropylamine in 250 mL of
anhydrous THF was cooled in an ice bath and treated ungdevit
43.2 mL (108 mmol) of a 2.5 M solution @FBuLi in hexanes followed
by 13.7 g (72 mmol) of 2-(4-methylphenyl)-4,4-dimethyl-2-oxazoline.
After 30 min, 20.5 g (150 mmol) of 1-bromobutane was added and the
reaction mixture was allowed to warm to room temperature. Aqueous
workup followed by distillation (95120°C, 0.002 mm) gave 14.4 g
(82%) of 2-(4n-pentylphenyl)-4,4-dimethyl-2-oxazoline as a clear,
colorless liquid: *H NMR ¢ 7.84 (d,J = 8.2 Hz, 2 H; H-2,6), 7.21
(d,J=8.2 Hz, 2 H; H-3)5), 4.09 (s, 2 H; H-5), 2.63 (t) = 7.7 Hz,
2 H), 1.61 (quintet] = 7.2 Hz, 2 H), 1.37 (s, 6 H), 1.321.27 (m, 4
H), 0.88 (t,J = 6.9 Hz, 3 H); MSm/z(relative intensity) 245 (M, 6),
230 (100). Anal. Calcd for gH23NO: C, 78.32; H, 9.45. Found:
C, 78.40; H, 9.29.

2-Bromo-4+-pentylbenzoic Acid. A stirred solution of 10.0 g (40.8
mmol) of 2-(4n-pentylphenyl)-4,4-dimethyl-2-oxazoline in 100 mL of
anhydrous THF was maintained at -46 (cyclohexanonedry ice)
under N while 25 mL (62.5 mmol) of a 2.5 M solution af-BulLi in
hexanes was added dropwise. After an additional 2 h, 3.2 mL (62.5
mmol) of Br, was added dropwise and then the reaction mixture was
allowed to stir at room temperature overnight. Agueous workup gave
13 g (99%) of 2-(2-bromo-4+pentylphenyl)-4,4-dimethyl-2-oxazoline
as an orange liquid*H NMR 6 7.57 (d,J = 7.9 Hz, 1 H; H-6), 7.44
(d,J=1.5Hz, 1 H), 7.13 (dd) = 7.9 Hz, 1.5 Hz, 1 H), 4.14 (s, 2 H),
2.58 (t,J = 7.7 Hz, 2 H), 1.59 (quintet]) = 7.2 Hz, 2 H), 1.42 (s, 6
H), 1.31-1.27 (m, 4 H), 0.88 (tJ = 6.7 Hz, 3 H).

A suspension of 10.0 g (30.8 mmol) of this oxazoline in 100 mL of
3 M HCl was heated under reflux for 1 h. The cooled reaction mixture
was neutralized with N&€O; and extracted with ethyl acetate. This
extract was evaporated, and the residue was heated under reflux for 1
h with a mixture of 50 mL of methanol and a solution of 30 g of NaOH
in 100 mL of HO. Extraction with diethyl ether followed by aqueous
workup and recrystallization from hexanes gave 4.98 g (60%) of
2-bromo-4n-pentylbenzoic acid as a white solid, mp 524 °C.
Further recrystallization from hexanes gave white crystals: mp 59
60°C; H NMR 6 7.95 (d,J = 8.0 Hz, 1 H; H-6), 7.54 (dJ = 1.6 Hz,
1 H; H-3), 7.21 (ddJ = 8.0 Hz, 1.6 Hz, 1 H; H-5), 2.63 (] = 7.7
Hz, 2 H), 1.63 (quintet) = 7.5 Hz, 2 H), 1.36-1.28 (m, 4 H), 0.90 (t,
J= 6.9 Hz, 3 H). Anal. Calcd for GH:sBrO,: C, 53.16; H, 5.58.
Found: C, 53.26; H, 5.67.

2-Bromo-4n-pentylbenzyl Alcohol. A solution of 1.64 g (6.1
mmol) of 2-bromo-4a-pentylbenzoic acid, 5 mL of THF, and 12.2
mL (12.2 mmol) of a 1.0 M solution of borane in THF was heated
under reflux for 4 h. Aqueous workup followed by distillation (96
112 °C, 0.01 mm) gave 1.28 g (82%) of 2-broma4sentylbenzyl
alcohol as a clear, colorless liquidd NMR ¢ 7.37 (d,J = 1.6 Hz, 1
H; H-3), 7.35 (d,J = 7.8 Hz, 1 H; H-6), 7.13 (dd) = 7.7 Hz, 1.5 Hz,
1 H; H-5), 4.71 (dJ = 5.8 Hz, 2 H), 2.57 (tJ = 7.7 Hz, 2 H), 2.05
(brs, 1 H; OH), 1.59 (quintet] = 7.5 Hz, 2 H), 1.36-1.26 (m, 4 H),
0.89 (t,J = 6.8 Hz, 3 H). Anal. Calcd for gH;7BrO: C, 56.05; H,
6.63. Found: C, 56.26; H, 6.64.

2-Bromo-4+-pentylbenzaldehyde. A solution of 2.90 g (11.3
mmol) of 2-bromo-4R-pentylbenzyl alcohol in 10 mL of C}€l, was
added to a suspension of 3.65 g (16.9 mmol) of pyridinium chloro-
chromate in 10 mL of CkCl,, and the black mixture was stirred at
room temperature under;Nor 1.5 h. Anhydrous diethyl ether (20
mL) was added, and the supernatant liquid was decanted. The insoluble

(15) Pridgen, L. N.; Killmer, L. BJ. Org. Chem1981 46, 5402-5404.
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residue was washed with diethyl ether, and the combined organic 0.93 (t,J = 6.9 Hz, 6 H); MSm/z(relative intensity) 374 (M, 100).

solution was filtered through Celite and evaporated to give 1.93 g (67%)
of 2-bromo-4n-pentylbenzaldehyde as a pale green liquid that was

chromatographed on silica gel with 5% ethyl acetate in hexanes as

eluent to give a pale yellow liquid*H NMR ¢ 10.31 (s, 1 H; CHO),
7.83 (d,J = 7.9 Hz, 1 H; H-6), 7.47 (d) = 1.1 Hz, 1 H; H-3), 7.24
(brd,J=7.9 Hz, 1 H; H-5), 2.64 (t) = 8.1 Hz, 2 H), 1.63 (quintet,
J=7.5Hz, 2 H), 1.351.31 (m, 4 H), 0.90 (tJ = 6.8 Hz, 3 H); MS
m/z (relative intensity) 256 (M, 37), 254 (M, 37), 91 (100). Anal.
Calcd for G,H1sBrO: C, 56.49; H, 5.93. Found: C, 56.69; H, 5.81.

2-Bromo-4--pentylbenzyl Chloride. A solution of 4.0 g (15.6
mmol) of 2-bromo-4n-pentylbenzyl alcohol in 13 mL of benzene was
cooled in an ice bath, and 3.71 g (31.2 mmol) of thionyl chloride was
added dropwise. A drop of pyridine was added, and the reaction
mixture was maintained in the ice bathr fb h and then heated under
reflux for 2 h before being poured onto water and extracted with diethyl
ether. Agueous workup followed by chromatography on silica gel with
hexanes as eluent gave 4.15 g (97%) of 2-brommpéntylbenzyl
chloride as a pale yellow liquid*H NMR 6 7.41 (d,J = 1.5Hz, 1 H;
H-3), 7.36 (d,J = 7.8 Hz, 1 H; H-6), 7.12 (dd) = 7.8 Hz, 1.6 Hz, 1
H; H-5), 4.68 (s, 2 H), 2.57 (] = 7.8 Hz, 2 H), 1.59 (quintet] = 7.5
Hz, 2 H), 1.35-1.29 (m, 4 H), 0.89 (tJ = 6.8 Hz, 3 H); MSm/z
(relative intensity) 278 (M, 5), 276 (Mf, 25), 274 (M, 15), 103 (100).
Anal. Calcd for GoH1¢BrCl: C, 52.29; H, 5.85. Found: C, 52.09; H,
5.87.

(2)-2,2-Dibromo-4,4'-di-n-pentylstilbene. Treatment of 4.15 g (15
mmol) of 2-bromo-4a-pentylbenzyl chloride with 5.24 g (20 mmol)
of triphenylphosphine gave 6.48 g (80%) of the phosphonium salt. The
Wittig reaction of 4.03 g (7.5 mmol) of this phosphonium salt with
1.9 g (7.5 mmol) of 2-bromo-#-pentylbenzaldehyde gave, after
purification by molecular distillation at reduced pressure, 3.26 g (91%)
of a pale yellow liquid consisting predominantly ofz)-2,2-
dibromo-4,4-di-n-pentylstilbene:*H NMR ¢ 7.39 (d,J = 1.1 Hz, 2
H; H-3,3),6.91 (dJ=7.9 Hz, 2 H; H-6,6); 6.81 (ddJ= 7.9 Hz, 1.4
Hz, 2 H; H-5,8), 6.70 (s, 2 H; He,a'), 2.51 (t,J = 7.7 Hz, 4 H),
1.63-1.51 (m, 4 H), 1.3#1.22 (m, 8 H), 0.88 (tJ = 6.7 Hz, 6 H);

MS m/z (relative intensity) 480 (M, 50), 478 (M, 100), 476 (M,
50). Anal. Calcd for GHsoBr2: C, 60.27; H, 6.32. Found: C, 60.15;
H, 6.38.

The *H NMR spectrum of the Wittig product also exhibited peaks
consistent with the presence of a small amount &)-4,2-
dibromo-4,4-di-n-pentylstilbene:'H NMR 6 7.62 (d,J = 8 Hz), 7.41
(d,J = 1.5 Hz), 7.35 (s), 7.19 (br dl = 8 Hz), 2.56 (t,J = 7 Hz),
1.63-1.51 (m), 1.371.22 (m), 0.89 (tJ = 7 Hz).

1,8-Dibromo-3,6-din-pentylphenanthrene. A solution of 3.26 g
(6.8 mmol) of predominantlyZ)-2,2-dibromo-4,4-di-n-pentylstilbene,
1.73 g (6.8 mmol) ofJ, and 79.0 g (1.36 mol) of propylene oxidén
500 mL of cyclohexane was irradiated (Rayonet) for 68 h. Evaporation
of the solvent followed by chromatography on silica gel with hexanes
as eluent gave 3.03 g (94%) of 1,8-dibromo-3,6wglientylphenanthrene
as a white solid. Recrystallization from 95% ethanol/toluene gave white
crystals: mp 86.588.5°C; IH NMR 6 8.41 (br s, 2 H; H-4,5), 8.18
(s, 2 H; H-9,10), 7.77 (d) = 1.2 Hz, 2 H; H-2,7), 2.84 (t} = 7.8 Hz,

4 H), 1.76 (quintet,) = 7.5 Hz, 4 H), 1.42-1.36 (m, 8 H), 0.92 (tJ
= 7.0 Hz, 6 H); MSm/z (relative intensity) 478 (M, 50), 476 (M,
100), 474 (M, 50). Anal. Calcd for GH,Bry: C, 60.52; H, 5.93.
Found: C, 60.39; H, 5.86.
3,6-Di-n-pentylphenanthrene-1,8-dicarboxaldehyde (3) A stirred
solution of 0.79 g (1.66 mmol) of 1,8-dibromo-3,64ulpentylphenan-
threne in 25 mL of anhydrous diethyl ether was cooled in an ice bath.
A solution consisting of 2.7 mL (6.64 mmol) of 2.5 M-BuLi in

Anal. Calcd for GeHs002: C, 83.38; H, 8.07. Found: C, 83.46; H,
7.86.

2,13-Din-pentyl[7]phenacene (2a). The reaction of 10.0 g (52
mmol) of 4n-pentylbenzoic acid with 2.0 g (53 mmol) of LiAlHn
100 mL of anhydrous THF gave 5.4 g (60%) ofm4sentylbenzyl
alcohot® as a pale yellow liquid*H NMR ¢ 7.27 (d,J = 7.9 Hz, 2 H;
H-2,6), 7.17 (dJ = 7.7 Hz, 2 H; H-3,5), 4.64 (s, 2 H), 2.59 = 7.7
Hz, 2 H), 1.84 (br s, 1 H; OH), 1.60 (quintet= 7.1 Hz, 2 H), 1.34
1.30 (m, 4 H), 0.88 (tJ = 6.5 Hz, 3 H).

Treatment of 5.4 g (31 mmol) of A-pentylbenzyl alcohol with 26.2
g (62 mmol) of triphenylphosphine dibromide in 60 mL of anhydrous
DMF gave 6.2 g (83%) of 4+pentylbenzyl bromid€ as a pale yellow
liquid: *H NMR ¢ 7.30 (d,J = 8.1 Hz, 2 H; H-2,6), 7.15 (dJ = 8.0
Hz, 2 H; H-3,5), 4.49 (s, 2 H), 2.59 3,= 7.7 Hz, 2 H), 1.60 (quintet,
J=7.5Hz, 2 H), 1.371.29 (m, 4 H), 0.89 (tJ = 6.9 Hz, 3 H); MS
m/z (relative intensity) 242 (M, 2), 240 (M, 2), 161 (100).

Treatment of 1.0 g (4.1 mmol) of A-pentylbenzyl bromide with
1.1 g (4.2 mmol) of triphenylphosphine gave 1.5 g (73%) of the
phosphonium salt. The Wittig reaction of 1.0 g (2.0 mmol) of this
salt with 0.21 g (0.9 mmol) of phenanthrene-1,8-dicarboxaldeh§de (
gave 0.29 g (62%) ofE,E)-1,8-bis(4n-pentylstyryl)phenanthrene. The
characterization of this stilbene analogue and a description of its
photocyclization to give 2,13-di-pentyl[7]phenacene2§) were re-
ported earlief?

2,13-Ditert-butyl[7]phenacene (2b). Treatment of 2.12 g (9.3
mmol) of 4+ert-butylbenzyl bromide with 3.7 g (14 mmol) of
triphenylphosphine gave 3.77 g (83%) of the phosphonium salt. The
Wittig reaction of 2.03 g (4.15 mmol) of this salt with 0.47 g (2.0
mmol) of phenanthrene-1,8-dicarboxaldehy@ dave 0.45 g (45%)
of (E,E)-1,8-bis(4tert-butylstyryl)phenanthrene. The characterization
of this stilbene analogue and a description of its photocyclization to
give 2,13-ditert-butyl[7]phenacene2p) were reported earlief.

3,6-Di-n-pentyl-1,8-distyrylphenanthrene. The Wittig reaction of
0.78 g (2.0 mmol) of benzyltriphenylphosphonium chloride with 0.25
g (0.67 mmol) of 3,6-diR-pentylphenanthrene-1,8-dicarboxaldehyg)e (
gave 0.24 g (69%) ofE,E)-3,6-din-pentyl-1,8-distyrylphenanthrene
as a white solid that was recrystallized from 95% ethanol/toluene: mp
132-133°C;H NMR ¢ 8.48 (br s, 2 H; H-4,5), 8.10 (s, 2 H; H-9,10),
7.94 (d,J = 16.0 Hz, 2 H; He,a), 7.70 (br s, 2 H; H-2,7), 7.64 (d,
=7.3Hz,4H; H-26,2'6"), 7.42 (t,J=7.5Hz, 4 H; H-35,3",5"),
7.31 (t,J = 7.3 Hz, 2 H; H-4,4"), 7.17 (d,J = 16.0 Hz, 2 H; H,8"),
2.91 (t,J = 7.8 Hz, 4 H), 1.83 (quintet] = 7.5 Hz, 4 H), 1.471.41
(m, 8 H), 0.94 (tJ=7.0 Hz, 6 H). Anal. Calcd for gHa2: C, 91.90;

H, 8.10. Found: C, 91.76; H, 7.80.

15,18-Din-pentyl[7]phenacene (2c). A solution of 160 mg (0.31
mmol) of 3,6-din-pentyl-1,8-distyrylphenanthrene, 160 mg (0.62 mmol)
of I,, and 8.7 mL (124 mmol) of propylene oxitfen 300 mL of
cyclohexane was irradiated (Rayonet) for 5 d. The solvents were
evaporated, and the orange residue was dissolved in a small amount of
toluene. Chromatography on silica gel with hexanes as eluent gave
60 mg (52%) of 15,18-di-pentyl[7]phenacene() as a yellow solid
that was recrystallized from 95% ethanol/toluene: mp 2323 °C;

IH NMR 6 8.89 (br s, 4 H; H-7,8,16,17), 8.88 (d,= ~9 Hz, 4 H;
H-1,6,9,14), 8.04 (dd) = 7.7 Hz, 1.5 Hz, 2 H; H-4,11), 8.02 (d,=
8.8 Hz, 2 H; H-5,10), 8.187.63 (m, 4 H; H-2,3,12,13), 3.73 §,=
7.9 Hz, 4 H), 2.10 (quintet) = 7.7 Hz, 4 H), 1.671.44 (m, 8 H),
0.99 (t,J = 7.2 Hz, 6 H); UV (benzene, nm [relative intensity]) 358
[1.0], 342 [1.1], 324 (shoulder) [2.4], 309 [4.3]. Anal. Calcd for
CuHsg C, 92.62; H, 7.38. Found: C, 92.73; H, 7.45.
(E)-2-Bromo-4'-n-pentylstilbene. The reaction of 4-pentylbenzyl

hexanes and 5 mL of anhydrous diethyl ether was added dropwise underalcohol® with thionyl chloride in benzene gave mpentylbenzyl
N,. Stirring was continued for an additional 1 h, after which 1.0 mL chloride® as a pale yellow liquid*H NMR 6 7.30 (d,J = 8.1 Hz, 2 H;
(13 mmol) of anhydrous DMF was added dropwise. The reaction H-2,6), 7.17 (dJ = 8.1 Hz, 2 H; H-3,5), 4.57 (s, 2 H), 2.60 @= 7.8
mixture was allowed to warm to room temperature and then was pouredHz, 2 H), 1.58 (quintet) = 7.5 Hz, 2 H), 1.36-1.27 (m, 4 H), 0.89 (t,

onto 1 M HPQO,. Extraction with diethyl ether followed by aqueous
workup and chromatography on silica gel with 5% ethyl acetate in
hexanes as eluent gave 0.49 g (79%) dfas a yellow solid.
Recrystallization from 95% ethanol gave pale yellow crystals: mp
87.0-87.5°C; *H NMR ¢ 10.56 (s, 2 H; CHO), 9.21 (s, 2 H; H-9,10),
8.78 (br s, 2 H; H-4,5), 8.00 (d} = 1.4 Hz, 2 H; H-2,7), 2.98 (t) =

7.8 Hz, 4 H), 1.83 (quintet) = 7.6 Hz, 4 H), 1.451.41 (m, 8 H),

J=6.9 Hz, 3 H). Treatment of 8.8 g (45 mmol) ofdpentylbenzyl

(16) Panetta, C. A.; Garlick, S. M.; Durst, H. D.; Longo, F. R.; Ward, J.
R. J. Org. Chem199Q 55, 5202-5205.

(17) Cereghetti, M.; Marbet, R.; Schleich, Kelv. Chim. Actal982
65, 1318-1330.

(18) Cox, R. J.; Clecak, N. Mol. Cryst. Liq. Cryst.1976 37, 263—
267.
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chloride with 15.9 g (61 mmol) of triphenylphosphine gave 17.1 g 9.1 Hz, 1 H; H-10 or H-9), 7.83 (d] = 8.4 Hz, 1 H; H-8), 7.80 (dJ

(83%) of the phosphonium salt. The Wittig reaction of 1.0 g (2.2 mmol) = 9.7 Hz, 1 H; H-9 or H-10), 7.657.59 (m, 2 H; H-2,3), 7.47 (dd]

of this phosphonium salt with 0.4 g (2.2 mmol) of 2-bromobenzaldehyde = 8.1 Hz, 1.5 Hz, 1 H; H-7), 5.21 (s, 2 H;Hz;OH), 2.88 (t,J= 7.7

gave 0.7 g (97%) offf)-2-bromo-4-n-pentylstilbene as a pale yellow  Hz, 2 H), 1.77 (quintet) = 7.5 Hz, 2 H), 1.44-1.35 (m, 4 H), 0.91 (t,

liquid that was further purified by molecular distillation under reduced J = 7.0 Hz, 3 H). Anal. Calcd for &H>,0: C, 86.29; H, 7.97.

pressure:'H NMR 6 7.66 (dd,J = 7.8 Hz, 1.5 Hz, 1 H; H-6), 7.57 Found: C, 86.12; H, 8.06.

(dd,J=8.0Hz, 1.1 Hz, 1 H; H-3), 7.47 (d| = 8.2 Hz, 2 H; H-2,6), 1-(Chloromethyl)-6-n-pentylphenanthrene. A solution of 232 mg

7.42 (d,J = 16.2 Hz, 1 H; Hey), 7.30 (td,J = 7.6 Hz, 1.1 Hz, 1 H; (0.83 mmol) of 1-(hydroxymethyl)-6-pentylphenanthrene, 198 mg

H-5), 7.19 (dJ = 8.1 Hz, 2 H; H-35), 7.10 (td,J = 7.6 Hz, 1.6 Hz, (1.66 mmol) of SOG, and a drop of pyridine in 2 mL of benzene was

1H; H-4), 7.02 (dJ = 16.2 Hz, 1 H; Her'), 2.61 (t,J = 7.7 Hz, 2 H), stirred in an ice bath fol h and then was heated under reflux for 2 h.

1.63 (quintetJ = 7.5 Hz, 2 H), 1.35-1.30 (m, 4 H), 0.90 (tJ = 6.9 Aqueous workup gave 225 mg (91%) of 1-(chloromethyh-6-

Hz, 3 H); MSm/z(relative intensity) 330 (M, 80), 328 (M, 76), 271 pentylphenanthrene as a beige solid that was recrystallized twice from

(100). Anal. Calcd for @HBr: C,69.31; H, 6.41. Found: C,69.06; hexanes to give beige crystals: mp 6767.5°C; IH NMR & 8.74

H, 6.10. (dd,J = 7.1 Hz, 2.3 Hz, 1 H; H-4), 8.47 (s, 1 H; H-5), 8.01 (t= 9.2
1-Bromo-6-n-pentylphenanthrene. A solution of 3.7 g (11 mmol) Hz, 1 H; H-10), 7.84 (dJ = 8.9 Hz, 2 H; H-8 and H-9), 7.627.56

of a mixture of theE andZ isomers of 2-bromo-4n-pentylstilbene, (m, 2 H; H-2 and H-3), 7.47 (dd] = 8.1 Hz, 1.4 Hz, 1 H; H-7), 5.09

2.87 g (11 mmol) of4, and 131 mL (1.9 mol) of propylene oxitfén (s, 2 H; CHCI), 2.87 (1,J = 7.7 Hz, 2 H), 1.76 (quintet] = 7.5 Hz,

1.06 L of cyclohexane was irradiated (Hanovia) for 40 h. Evaporation 2 H), 1.41+1.35 (m, 4 H), 0.91 (tJ = 7.0 Hz, 3 H); MSm/z(relative

of the solvent followed by chromatography on silica gel with hexanes intensity) 298 (M, 35), 296 (M", 100). Anal. Calcd for GH2iCl:

as eluent gave 3.3 g (89%) of 1-bromagentylphenanthrene as a  C, 80.93; H, 7.13. Found: C, 80.76; H, 7.22.

yellow liquid: *H NMR 6 8.19 (d,J = 8.4 Hz, 1 H; H-4), 8.45 (br s, Bis(arylvinyl)phenanthrene 5. Treatment of 86 mg (0.29 mmol)

1H; H-5), 8.14 (dJ = 9.2 Hz, 1 H; H-10), 7.87 (dd) = 7.7 Hz, 0.9 of 1-(chloromethyl)-6a-pentylphenanthrene with 76 mg (0.29 mmol)

Hz, 1 H; H-2), 7.84 (d) = 7.8 Hz, 1 H; H-8), 7.81 (d) = 8.5 Hz, 1 of triphenylphosphine gave 91 mg (56%) of phosphonium4althe

H; H-9), 7.49 (d,J = 8.2 Hz, 1 H; H-7), 7.47 (t) = 7.9 Hz, 1 H; Wittig reaction of 300 mg (0.54 mmol) efwith 100 mg (0.27 mmol)

H-3),2.87 (tJ= 7.7 Hz, 2 H), 1.76 (quinte] = 7.6 Hz, 2 H), 1.46- of 3,6-di-n-pentylphenanthrene-1,8-dicarboxaldehy@g dave, after

1.36 (m, 4 H), 0.91 (tJ = 7.0 Hz, 3 H); MSm/z(relative intensity)  chromatography of the crude product on silica gel with 5% ethyl acetate

328 (M, 60), 326 (M, 60), 271 (100). Anal. Calcd for GHuBr: in hexanes as eluent, 200 mg (85%)(EfE)-3,6-di-n-pentyl-1,8-bis-

C, 69.73; H, 5.85. Found: C, 69.54; H, 5.75. _ [2-(6-n-pentyl-1-phenanthryl)ethenyl]phenanthreBegs a yellow solid.
6-n-Pentylphenanthrene-1-carboxaldehyde A stirred solution of Recrystallization from 95% ethanol/toluene gave yellow crystals: mp

4.6 g (14 mmol) of 1-bromo-@-pentylphenanthrene in 135 mL of 139 5-141°C; 1H NMR 6 8.74 (br d,J = 8.1 Hz, 2 H; H-4,4"), 8.57
anhydrous diethyl ether was cooled in an ice bath. A solution of 14 (pr 5 2 H; H-4,5 or H-55"), 8.52 (br s, 2 H; H-55" or H-4,5), 8.17
mL (35 mmol) of 2.5 Mn-BuLi in hexanes was added dropwise under (d,J = ~8 Hz, 2 H; H-10,10"), 7.98 (s, 4 H; alkene hydrogens), 7.85
N,, followed by the addition of 65 mL of anhydrous diethyl ether. (s, 2 H; H-9,10), 7.83 (dJ = ~8 Hz, 2 H; H-8,8"), 7.79 (d,J = 9.2
Stirring was continued for an additional 20 min, after which 4.34 mL ;2 4 H-9,9"), 7.71 (t,J = 7.8 Hz, 2 H; H-33"), 7.49 (br s, 2 H;
(56 mmol) of anhydrous DMF in 70 mL of anhydrous diethyl ether H-2,7), 7.47 (dJ = ~8 Hz, 2 H; H-2,2"), 7.18 (d,J = ~8 Hz; 2 H;
was added dropwise. The reaction mixture was allowed to warm to H-7,7"), 2.98 (t,J = 7.5 Hz, 4 H), 2.89 (t) = 7.7 Hz, 4 H), 1.89 (m,
room temperature and then was pouredoohtM HsPQ,. Extraction 4 H), 1.79 (m, 4 H), 1.47 (m, 8 H), 1.41 (m, 8 H), 0.97Jt= 7.1 Hz,
with diethyl ether and aqueous workup followed by chromatography g H), 0.95 (tJ = 7.3 Hz, 6 H). Anal. Calcd for §Hs C, 91.83; H,
on silica gel, first with hexanes and then 10% ethyl acetate in hexanesg 17, Found: C, 92.00: H, 8.04.

as eluents, gave 2.9 g (75%) ohgsentylphenanthrene-1-carboxalde- 2,17,21,24-Tetran-pentyl[11]phenacene (6). A solution of 190

hyde as an off-white solid: mp 4%0 °C; 'H NMR 6 10.54 (s, 1H; mg (0.22 mmol) of bis(arylvinyl)phenanthrese 64 mg (0.25 mmol)
CHO), 9.09 (dJ = 9.3 Hz, 1 H; H-10), 9.02 (br d] = 8.4 Hz, 1 H; of I, and 2.56 g (44 mmol) of propylene oxidén 400 mL of benzene
H-4), 8.50 (br s, 1 H; H'.S)' 8.10 (dd,= 7.2 Hz, 0.9 Hz, 1 H; H-2).  \yas irradiated (Rayonet) for 18 h. Filtration of the reaction mixture
7.94 (d,J=9.3Hz, 1 H; H'_g)’ 7.88 (d) = 8.1 Hz, 1 H; H-8), 7'82_ gave 100 mg (61%) of 2,17,21,24-tetmgpentyl[11]phenacened) as
(dd,J=8.2 Hz, 7.4 Hz, 1 H; H-3), 7.52 (dd,= 8.2 Hz, 1.4 Hz, 1 H; a yellow solid: mp 34C°C (dec);*H NMR (1,2,4,5-tetrachloro-3,6-

H-7), 2.90 (tJ=7.7 Hz, 2 H), 1.78 (qui.ntet] =175 HZ.‘ 2 H)’ 1'4_5" dideuteriobenzene, 14T) 6 9.37, 9.30, 9.21, 9.13 (each of these four
1.38 (m, 4 H), 0.92 (tJ = 7.0 Hz, 3 H); MSm/z (relative intensity) signals § a 2 Hdoublet withJ = ~9 Hz; H-7,12, H-8,11, H-19,26,

276 (M*, 50), 219 (100). Anal. Calcd for H2O: C, 86.92; H, H-20,25), 9.29 (s, 2 H: H-9,10), 9.19 (s, 2 H: H-22,23), 8.99Xe:
7.29. Found: C, 86.78; H, 7.25. . _ 9.5 Hz, 2 H; H-6,13), 8.90 (br s, 2 H; H-1,18), 8.19 (t= 9.1 Hz, 2
1-(Hydroxymethyl)-6-n-pentylphenanthrene. A stirred solution H: H-5.14), 8.12 (d,) = 8.8 Hz, 2 H; H-4,15)~7.67 (expected 2 H
of 330 mg (1.2 mmol) of G-pentylphenanthrene-1-carboxaldenyde - gjona for H-3,16 obscured by solvent peak), 4.23 & 7.3 Hz,
in 1 mL of methanol was cooled in an ice bath. The ice bath was , H), 3.27 (1.J = 6.8 Hz, 4 H), 2.54 (quintet] = 7.4 Hz, 4 H), 2.21
removed, and a solution of 23 mg (0.6 mmol) of NaBR0.5 mL of (. intet 3= 7.0 Hz, 4 H), 2.00 (quintet] = 6.8 Hz, 4 H), 1.93-1.75
aqueos 2 M NaOH was added dropW|se._ Afteh the reactlon_ m|>_<ture (m, 12 H), 1.33-1.27 (m, 12 H); UV (benzene, nm [relative intensity])
was subjected to aqueous workup to give, after recrystallization from 400 [1.0], 374 [1.5], 344 [2.5], 328 [2.8], 312 [3.0] Anal. Calcd for

hexanes, 232 mg (70%) of 1-(hydroxymethylentylphenanthrene CeeHee: C. 92.26: H. 7.74. Found: C. 92.41: H. 7.58
as an off-white solid: mp 99100°C; H NMR 6 8.72 (dd,5J = 6.2 series: &y 9220, F [ 0% Found: &, SeAL 1, 198

Hz + 3.3 Hz= 9.5 Hz, 1 H; H-4), 8.49 (br s, 1 H; H-5), 8.02 ([@= JA9638418



