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Introduction

Rigid molecular spacers have found widespread utility in
bioorganic chemistry. They have proved useful in such diverse arcas
as polymer chemistry,! porphyrin2a and crown ether linkage.2t and
in the creation of a variety of rigid molecular clefts.? Zimmerman
and coworkers have described the use of the rigid dibenzacridine
and dibenzanthracene spacers to form the basis of molecules known
as "molecular tweezers."46  When these spacers are substituted at

C-2 and C-12 with two aromatic chromophores, they are capable of

Figure 1. Numbering Scheme for dibenzanthracene

complexing small aromatic guest molecules in a4 double =-stacking
interaction described as a =-sandwich.4 The rigidity of the spacer
and the position of the chromophores can greatly enhance the =n-
sandwich interaction by forcing the chromophores 1o maintain a syn
cofacial orientation with a separation of ca. 7 A.S  Zimmerman and

Wu have discovered that guest complexation can be improved



further by introducing w carboxylic acid functional group into the
host cleft to provide hydrogen bonding interactions.” In this paper,
the synthesis of a new molecular tweezer 13b is described, which is
one of a series of four tweezers (see Figure 2) designed to investigate
the importance of interchromophore distance in determining the
host-guest binding constant.  The four spacers have C-2 10 C-12
distances ranging from 7.52A for wweezer 19 1o 8.20A for tweezer
17.68 All four will be substituted with identical methylanthracene
chromophores.  Thus, any discrepancies in the binding constants
should be due to the spacing of the chromophores,

As a precedent to a second project, X-ray crystallography  has
reveialed that the presence of an ester functionality at C-14 in the
cleft of the dibenzanthracene spacer induces the aromatic system 10
twist 43° from end to end.® It was proposed that the inherent chival
nature of the helical twist could be further enhanced by the
substitution of bulky groups at C-2 and C-12. This would provide a
greater barrier to interconversion of the right- and left-handed
helices in solution. it was also proposed that, if the bulky groups
were themselves chiral, the resulting molecular cavity would provide
an cnvironment capable of inducing chirality on other small
molecules. Replacement of the ester functionality in the cleft of the
molecule with an acid or a peroxyacid would facilitate the possibility
of performing asymmetric protonations or epoxidations on small
molecules entering the cleft.  Structures la and I1b (sce Scheme 2)

were proposed as possible protonation and epoxidizing reagents,



respectively, and progress towards the synthesis of these molecules
is presented in this paper.

As a third and final project, molecular tweezer 16 (Figure 3)
was proposed which would be capable of forming both a x-sandwich
and as many as four hydrogen bonds with guest molecules. Previous
studies have shown that the presence of two hydrogen bonding
interactions greatly enhances the binding constant of small molecules
with the Zimmerman tweezer.” It was thus expected that additional
hydrogen bonding interactions should enhance binding to an even

greater degrec. Thus, the synthesis of tweezer 16 was pursucd.



Results and Discussion

The synthesis of dibenzanthracene spacer 7a followed previous
work in our laboratory (S{cheme 1). Bromotetralone 4 was
synthesized as previously described.? Bromobenzene was reacted
with with succinic anhydride to form the phenylketobutyric acid 2.
Wolff-Kishner reduction of the ketone followed by cyclization with
polyphosphoric acid yielded 7-bromotetralone 4 in overall 43% yicld
from succinic anhydride. Aldol condensation of 4 with benzaldehyde
yielded the corresponding benzylidine § in 78% yicld.!10  Tetralone 4
and benzylidine § were coupled in BFyEt,0 to give the crude
pyrylium salt 6,10 which was then condensed with trimethyl-
phosphonoacetate 1o produce the desired spacer 7a in 25% overall
yield from bromotetralone.!!

At this point it was necessary o effect the substitution of the
dibromide 7a at C-2 and C-12. Previously, substitutions involving
related spacers were carried out according to Scheme 3.5  According
to this method, the acridine chromophores were added to the ketal-
protected bromotetralone 9 before conversion to the benzylidine 11
and coupling to form the pyrylium salt. This method involved
several steps and had the added disadvantage of requiring a
uniquely substituted tetralone for each desired itweezer. If the
substitution could be effected simultaneously at hoth positions of the

dibromide 7a, this would fucilitate the use of Scheme | for the



large-scale synihesis of a common spacer, which could then be
substituted with a variety of groups. Scheme 2 shows the procedure
developed to effect the disubstitution, which proceeded in a similar
overall yield to Scheme 3. Treatment of dibromide 7a with t-Bul.il?2
followed by a deuterium quench yielded the dideuterated spacer 7b
in 95% yield, evidence that the lithium-halogen exchange did proceed
with high efficiency to yield the dianion. However, when either
benzaidehyde or pivaldechyde was used to quench the dianion, the
diaddurt was obtained in only 37% and 60% yield, respectively,
Since it has already becen shown that the dianion is formed nearly
quantitatively, it is likely that the lower yield of the aldehyde
adducts was due to steric interactions with the new carbon centers.
Additional evidence to this effect is given by the fact that no starting
material was recovered, and the monoprotio/monoadduct  was
isolated in both cases.

At this point in the synthesis it was desirable to resolve the
mixture of stereoisomers of 8a and 8b, before completing the
conversion (o the more reactive acid la and peracid 1b. Attempts at
selective recrystallization of the stereoisomers were unsuccessful,
Therefore, separation by chiral HPLC was investigated. Although no
resolution was obtained for the benzaldehyde adduct 8a, the
pivaldehyde adduct did show some separation as the alpha-naplhyl
urethane derivative on a chiral Pirkle column.!3 However, the

separation was not sufficient to warrant the cost of scale-up, and the



synthesis of the chiral acid and peracid reagents was ended ut this

point,

The synthesis of tweezer 138 was accomplished by Grignard
addition of methyl bromoanthracene to spacer 7a (Scheme 4).14 9.
Bromo-10-metuylanthracene was  obtained from 9,10
dibromoanthracene by monolithiation with n-Buli followed by
addition of methyl iodide.!42 The Grignard 12 was formed in the
presence of magnesium metal with 1, and dibromoethane catalysts in
refluxing ether. This was added to spacer 7a in the presence of
Ni(acac)z as catalyst.!14d The tweezer 13a was thus obtained in >50%
yield. Conversion to the carboxylic acid with boron trichloride!$ is
currently in progress.  After tweezer 13b is thus obtained, its

binding constant with small aromatic guests will be determined and

- compared to the binding constants of tweezers 17,18, and 19.

Synthesis of macrocyclic tweezer 16 began with the conversion
of spacer 7& to the diamine 18 (Scheme $§). Several methods for the
conversion of aromatic bromides to aromatic amines have precedent
in the literature.16.17  Treatment of the dibromide with n-Buli
followed by a methoxylamine/methyllithium gquenchl6 yielded a
complex mixture of products from which the amine could not be
isolated. In a second attempt, the method of Shioiri et. al.,!7 was
attempted. Scheme 5 shows the conversion of the dibromide 7a to
the dicarboxylic acid 14 by formation of the dianion with n-BuLi and



quenching with CO;.!¥  Schmidt rearrangement of the diacid with
diphenylphosphorylazide was expected to yield the diamine,!7 but
once again the result was a complex mixture of products. A new
method for this conversion is presently being sought.  Once the
diumine is obtained, it will be condensed with a variety of
dianhydrides (Scheme 5) to yield the corresponding macrocycles
shown in Figure 3. An appropriate guest molecule will be selected,
which will be capabie of interacting with the tweezer in four
hydrogen bonding interactions and an aromatic R-stacking
interaction,  The binding constant of this molecule will then be
compared with the binding constant of the Wu tweezer’? to determine

the contribution of the new hydrogen bonds,




Experimental

Methyl 2,12.dideutero-7-pheny!.§5,6,8,9-tetrahydro.
dibenz(a,jlanthracene-14-carboxylate(7b). A solution of 435
mg (0.076 mmol) dibromide 7a in 1.0 mL THF under & dry N;
atmosphere was cooled to -65°C. t-BuLi (180 ul, 0.3} mmol) was
added und stirred at -65°C for § minutes. The reaction was
quenched with 300 ul. CH3;0D and warmed slowly to room
temperature.  The reaction mixture was concentrated under reduced
pressure, redissolved in CHCIl3, and filtered through glass wool.  The
clear solution was then partitioned between CH2Cl2 and 50%
saturated NaCl. The aqueous laycr was washed once with CH2Cl3, the
organic layers were combined, and the solvent was removed under
reduced pressure to yield 30.0 mg (94.7%) of 7b as a creamy white
solid: mp >240°C; 'H NMR: (300 MHz, CDCly) 8 7.47 (m, SH, H-2', H-
3, H-4, 1.5, H-6'), 7.22 (m, 6H, H-1, H-3, H-4, H-10, H-11, H-1}),
380 (s, 3H, methy! cster), 2.68 (1, 4H, H-6, H-8), 2.47 (1, 4H, H-5, H-
9). MS (El 70eV) m/e 418.

Methyl 2,12-bis(l-hydroxy-1.phenyimethyl)-7-phenyl.
5,689 . tetrahydrodibenz(a,jlanthracene - 14 . carboxylate
(8a). To a solution of 50.0 mg (0.087 mmol) of dibromide 7a in
2.0 mL THF at -60°C under a dry N; atmosphere was added 150 pl.

(0.23 mmol) n-BuLi. After stirring 30 minutes at -60°C the reaction



was quenched with 200 ul. benzaldehyde and allowed to warm
stowly to room temperature. The solvent was removed under
reduced pressure, and the salts were removed by passing through a
plug of silica eluted with EtOAc. The eluent was flash
chromatographed (35% EtOAc/petroleum ether) to yield 20.0 mg
(36.7%) of 8a as a white solid: 'H NMR: (300 MHz, CDCl3) 8 7.47-7.15
(m, 22H, H-1, H-3, H-4, 1-10, H-11, H-13, H-2', H-3', H-4, H-§, H-6',
H-2", H-3", H-4", H-§", H-6", H-2", H-3", H-4", H-5", H-6™), 5.80 (s,
2H, methine), 3.39 (d, 3IH, methyl ester), 2.64 (1, 4H, H-6, H-8), 2.43
(1. 4H, H-5, H-9), 2.31 (s, 2H, hydroxyl).

Methyl 2,12-bis(1-hydroxy-2,2-dimethyipropy!)-7-phenyl-
5,6,8,9 . tetrahydrodibenz{a,jlanthracene - 14 . carboxyiate
(8b). To a solution of 60.0 mg (0.104 mmol) dibromide 7a in 3.U
mL THF at -54°C under a dry nitrogen atmosphere were added 200
ul (0.3'3 mmol) n-Bul.i. After stirring 70 minutes at -50°C, the
reaction was quenched with 200 uL pivaldehyde and allowed to
warm slowly to room temperature. The solvent was evaporated
under reduced pressure, and the salts were removed by elution with
EtOAc through a plug of silica, The eluent was flash
chromatographed (15% EtOAc/petroleum ether followed by 25%
EtOAc/petroleum ether) to provide 36.9 mg (60.1%) of 8b as a
yellowish solid: mp >170°C; 'H NMR: (300 MHz, CDCl3) 8 7.42 (m, SH,
H-2', H-3', H-4', H-§', H-6"), 7.18 (m, 6H, H-1, H-3, H-4, H-10, H-11, H-
13), 4.37 (s, 2H, methine), 3.87 (d, 3H, methy! ester), 2.65 (1, 4H, H-6,
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H-8), 2.47 (1, 4H, H-5, H.9), 1.87 (s, 2H, hydroxyl3, £93 (s, 18H, t-Bu).
MS (El, 70eV) m/e S88.

Methyl 2,12-bis[9-(10-methylanthracenyl)]-7-phenyl-
56,89 - tetrahydrodibenz[a,jJanthracene - 14 - carboxylate
(13a). Et2O (25 mL) was added to 240 mg (0.89 mmol) 9-methyl-
10-bromoanthracene, 417 mg (17.2 mmol) Mg metal, a few crystals
I2, and 4 drops 1,2-dibromoethane under a dry Nz atmosphere, and
the resultant slurry was heated to 65°C.  After stirring 5.5 hours at
60-65°C, the reaction mixture was cooled to (°C and added via
cannula to a cooled (0°C) solution of 100 mg (0.174 mmol) 7a& and 7.0
mg Ni(acac)? in 40 mlL benzene. The resultant mixture was warmed
to room temperature for 1 hour before heating to 65°C. The reaction
was allowed to stir overnight (15 hours) before quenching with IN
HCI. The reaction mixture was partitioned between CH3Cly and 50%
sawurated NalHCO3. The aqueous layer was washed twice with CHCla,
the combined organic layers were dried over MgSO4, and the solvent
was removed under reduced pressure. The mixture was flash
chromatographed (50% CHaCla/hexane) and recromatographed (20%
CH2Cla/hexane followed by 25% CH2Cla/hexane) to yield
approximately 100 mg (95%) 13a as a yellow solid: mp >200°C; 'H
NMR: (200 MHz, CDCly) 8 8.31 (d, 2H, H-1, H-13), 7.62 (d, 2H, H-3, H-
1), 7.55-7.13 (m, 23H, H-4, H-10, H-2', H-3', H-4', H-§, H-6', H-1", H-
2", H-3", H-4", H-5", H-6", H-7", H-8", H-1"", H-2", H-3", H-4™, H-§",
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H-6", H-7", H-8"), 3.16 (s, 6H, methyl), 2.80 (m, 4H, H-6, H-R), 2.74
(s, 3H, methyl ester), 2.66 (m, 4H, H-§5, H-9). MS (El, 70eV) m/e 797,

Methyl 2,12-carboxyl-7-phenyl.5,6,8,9-tetrahydro-
dibenz[a,jlanthracene-14-carboxylate(14), Dibromide 7 a
(500 mg, 0.871 mmol) was dissolved in 15 ml. THF under a dry
nitrogen atmosphere and cooled to -76°C. n-Buli (1.6 ml, 2.6l
mmol) was added and the reaction was stirred at -76°C for | hour.
Dry ice (2.0 g.) was added and the reaction was stirred overnight (17
hours) while warming to room itemperature, After quenching with
water, the reaction mixture was made basic with 2N NaOH and
extracted twice with Et20. The aqueous layer was acidified with 2N
HCI and extracted twice with 10% i-PrOH/CHCI3. The organic layers
were combined and the solvent was removed to yield 402 mg
(91.5%) pure 14 as a white powder: 'H NMR (200 MHz, DMSO) § 8.04
(s, 2H, H-1, H-13), 7.83 (dd, 2H. H-3, H-11), 7.47 (m, 4H, H-4, H-10,
H-2', H-6'), 7.30 (d, 3H, H-3', H-4', H-§'), 3.76 (s, IH, methyl ester),
2.70 (t, 4H, H-6, 1-8), 2.43 (1, 4H, H-§, H.9).
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