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To facilitate the access to unique models for biological processes, we examined six different synthetic routes to octi(p-phenylene) rods with
lateral and terminal substitutents R_ and Rr. This systematic study allowed us to increase to overall yield for the synthesis of a new class of
oligo(p-phenylene) ionophores about 20 times and to provide general insights into the practicability of synthetic routes to multiply substituted

molecular rods.

Push—pull octip-phenylene) rod. but not the structurally

resist microbial resistandaye felt that increased efforts to

improve the unsatisfactory synthesis of multiply substituted
oligo(p-phenylene) rods were appropriate.

Push—push ro® was selected as a target molecule for
this study for the following reasons. It can be converted

almost identical pull-pull rod2 was recently found to
recognize and depolarize polarized biomembrarigscause
this finding identified a new route toward cell membrane
recognitior? voltage-dependent ion channel formatfaamd,
perhaps, biomimetic antibiotics that we hope can be used to
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directly into push-pull rod 4 by partial sulfide oxidation, |W_Q,|
allowing, in principle, functional switching between push O OR OR OH
push, push—pull (and pull—pull) systems in situ by simple
redox chemistry.” These terminakz donors and acceptors ~--- 7. R=Me — o
are further compatible with future elaboration of the terminal ¢(nd) ; 8 R =CHCOOBu 4 (20%)
side chains R and R-.* Moreover, octi(p-phenylene} , , ,
contains six lateral azacrowns compared to four in push o 0 0 ,
pull rod 1. This addition of two central ion-conducting | s~ )~ >4 ) )< ) )< )< )-s
“relays” is expected to improve the capacity to mediate ion o) o) o)
transport across biomembrarfes. ’ 15 ' ’

a(a) 4,4,5,5-Tetramethyl-[1,3,2]-dioxaborolane, P4dppf); (b)

AL gl AL PACh(dppf), NaCOs (9% from 5 without isolation of6); (c)
R 1 S(0), = p-thiomethylphenylboronic acid, Pd(P§h (d) 1. BBr; 2. tert-
T# Q R Q H . HL Q P butyl bromoacetate, GE0s. nd = not determined.
L L
4

oxidation T 1 reduction
R

R R L cantly increased to 10% by minimizing the undesired
Ry Q Q Q Q Q Q S-S competing polymerization with very slow, continuous ad-
R0 g AU AL dition of dimer5 to the reaction mixture over a period of 24

h. However, the synthesis 8falong this route could not be
completed because of the near intractability of g@xi(
phenylene)? (Table 1, variation 1).

R = Ry! = -OCH;CO-N-18-azacrown-6 Rr=Ry=Me

The route previously employed to synthesize @eti(
phenyleneR consists of two distinct sequences: The octi- _
(p-phenylene) rod is constructed in three steps including two
Suzuki couplings; elaboration of the lateral side chains in Table 1. Six Routes to Octit-phenylene)s

four steps follows:® To synthesize push—push r8dalong variation  yield (%) route? bi¢ sexi oct®
this previously established route, iodiBlevas converted into
boronic acid pinacol est& (Scheme 1). The key intermedi- ! nd. 5§-6-7-155953 1 1 5

. . - 2 0.2 5565758593 1 3 3
ate of this route, the terminally iodinated hexanfgwas 3 04 55657 —810-3 15 1
subsequently obtained in 5% vyield by Suzuki coudling 4 08 511513585953 3 9 3
bianisol5 with dioxaborolané under the conditions reported 5 21 551131358 5103 3 3 1
previously:® The yield of this conversion could be signifi- 6 41 5511125145103 5 1 1

aQverall yield from5. Biphenyl5 was obtained in 70% yield from fast

(5) For excellent, very recent reviews on synthesis and physical propertiesblue B salt (Aldrich)®d b See schemes and Supporting Information for
of rigid-rod molecules, see: (a) Schwab, P. F. H.; Levin, M. D.; Michl, J. structures and conditionsNumber of biphenyl (bi), sexiphenyl (sexi), and
Chem. Re»1999,99, 1863. (b) Berresheim, A. J.; Miiller, M.; Millen, K. octiphenyl (octi) intermediates synthesized along this route.
Chem. Re. 1999 99, 1747. (c) Martin, R. E.; Diederich, Angew. Chem.,
Int. Ed. 1999,38, 1351.
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(7) Preliminary results corroborated that ptgiush rod3 can be partially late (but not methyl glycolate) side chains dramatically

oxidized with 2 equiv of potassium hydrogen persulfate in a 1:1:1 mixture improve the solubility of oliggg-phenylene)&® This was also
of THF, MeOH, and water to give pustpull rod 4 (n = 2) in 50% yield. :
Compare Supporting Information and Trost, B. M.; Curran, DT&ra- true for hef).(amer? (SCheme. 1)' Successful conversion of
hedron Lett.1981,22, 1287. the “solubilized” hexame into octamer9 followed by

(8) (a) Baumeister, B.; de Dios, A. C.; Matile, Betrahedron Lett1999 ; _ i i ; _
40, 4623. (b) Sakai, N.; Majumdar, N.; Matile, 5.Am. Chem. S0d.999, deprOteCtlon and PyBOP me@a%%docoupllng Wlth 12
121, 4294. (c) Ni, C.. Matile, SChem. Commun1998, 755. (d)  azacrown-6 gave pustpush rod3in 0.2% overall yield from

Ghebremariam, B.; Matile, Setrahedron Lett1998,39, 5335. (e) Sakai, 5 (Scheme 2 and Table 1, variation 2). Attachment of the
N.; Brennan, K. C.; Weiss, L. A.; Matile, 3. Am. Chem. S0d.997,119,

8726.
(9) (a) Miyaura, N.; Suzuki, AChem. Re»1995,95, 2457. (b) Giroux, (10) Coste, J.; Le-Nguyen, D.; Castro, Betrahedron Lett1990, 31,
A.; Han, Y.; Prasit, PTetrahedron Lett1997,38, 3841. 205.
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a(a) 1. BBg; 2. tert-butyl bromoacetate, @80s; (b) 1. TFA/
CH,Cl,, 2. 18-azacrown-6, PyBOP, DIPEA; (c) 4,4,5,5-tetra-
methyl[1,3,2]dioxaborolane, Pddippf); (d) PdCl(dppf), NaCOs
(yields from 11 / 12); (e) p-thiomethylphenylboronic acid, Pd-
(PPh)4. nd = not determined.

lateral crowns on the hexamer level to give diioditie
allowed for the doubling of the overall yield f8rand proved

that, in this case, the presence of crown ethers is fully

compatible with the conditions of Suzuki coupling (Table
1, variation 3).

Partial and complete elaboration of the lateral side chains

beforeconstruction of the oligg-phenylene) scaffold was
feasible in high yields (Scheme 2). Giroa8uzuki coupling
with diiodides11 and12 under high dilution conditions gave
hexamers3 and 10, respectively, as main reaction products.
However, the intermediate dioxaborolarisand 14 could
not be isolated due to their instability under the purification
conditions. Completion of the synthesis3from hexamers

Org. Lett., Vol. 2, No. 1, 2000

8 and 10, respectively, gave overall yields of up to 4.1%
(Scheme 2 and Table 1, variations 4—6).

Analysis of the six variations of the synthesis of ptsh
push rod3 revealed several trends (Table 1). Namely, the
overall yield for the synthesis of multiply substituted oligo-
(p-phenylene)s increased parallel to the number of reactions
performed on the dimeric (variations 1—6) and, less prefer-
able, on the hexameric level (variations-3). This trend
related directly to the reactions involved in side chain
construction (90—95% for dimers, 267% for hexamers,
nd-25% for octamers, Scheme 2), while the yields for
scaffold elongation were practically independent of lateral
substitution. The surprisingly modest effect of “solubilizing”
side chains on the outcome of palladium-catalyzed arene
arene C—C bond formations was unexpected in light of
established rules for the synthesis of rigid-rod oligongers.
These two observations lead to the seemingly counterintuitive
conclusion that complete elaboration of lateral side chains
before arene oligomerization is preferable despite consistently
low yields during the latter synthetic sequence.

In summary, we here reported six variations of the
synthesis of new, multiply substituted oligephenylene)
ionophores to secure perfect synthetic access to molecular
rods with variable permanent dipole and fixed charges
designed to recognize and depolarize bacterial cell mem-
branes. This systematic study revealed that high yield side
chain construction before low yield oligomerization results
in more than 20 times higher overall yields compared to the
inverse sequence. Ongoing studies on the biological activity
of push—push and pustpull rods3 and4 will be reported
in due coursé?!
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(11) Preliminary results with unpolarized vesicles (EYPC-SUVSs) indi-
cated that hexacrowr84 are up to100 times more acte than tetracrowns
1/2 under the conditions previously employed to characterlza!
Preliminary results in black lipid membranes (EYPC-BLMs) revealed single
channel currents in the range of40 pA at high voltages. Detailed studies
on structure and activity /4 and their now accessible positively charged
analogues in SUVs, BLMs, and bacteria are ongoing.
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