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The iterative construction of cross-conjugated donor (D), acceptor (A), and donor—acceptor (D—A) substituted iso-polydiacetylene (iso-PDA)
oligomers has been achieved utilizing palladium-catalyzed cross-coupling techniques. Structure—property relationships for these compounds
have been analyzed for cross-conjugated s-electronic communication as a result of contributions from donor, acceptor, or donor—acceptor

functionalization.

The delocalized and polarizabteelectron system present

stability, physical properties, and function have been de-

in conjugated organic molecules affords many of the physical scribed for linearly conjugated systems such as, among many
characteristics necessary for the use of these materials inothers, stilbene® azobenzenesthiophened2? and poly-

electronic and photonic applicatioh®s common motif in

enes'cs

the study of conjugated systems involves a direct comparison Cross-conjugation in organic compounds represents an
of the electronic effects that result from sequential increasesalternative mode af-electron communicatiof.*° To date,

in conjugation length, the so-called oligomer appro&thhe

however, cross-conjugated systems have been largely ig-

properties of many systems have been further manipulatednored. Although there are examples of—B cross-

via attachment ofr-electron donor and/or acceptor grodps.

conjugated molecules to be found in the literattiréhere

By using the above approaches, relationships betweenare very few examples of structurally related series of cross-

T Dedicated to Professor Dr. Henning Hopf on the occasion of his 60th
birthday.
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conjugated chromophores suitable for detailed analysis. As
a consequence, fundament knowledge of the effects of D/A
interactions in cross-conjugated molecules is quite limited.
In this paper, we report the stepwise, modular synthesis
of a new class of cross-conjugated oligomers that have been
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(a) KsCOs3, MeOH/wet THF (5:1), it; (b) plodo-N,Adimethylaniling, PACL(PPhg),, Cul, EtsN, it; (c) prlodonitrobenzene,
PACL{PPha)s, Cul, EtsN, THF, ; (d) TBAF, wet THF, it; (e) 5, Pd(PPha)s, Cul, Et;NH, DMF, 1.

selectively end-capped with tipeN,N-dimethylaminophenyl
(donor) and/op-nitrophenyl (acceptor) groups. Preliminary

yield. The analogous sequence of protodesilylation and cross-

coupling of deprotected with p-iodonitrobenzene gave

analysis of the electronic absorption characteristics indicatesacceptor-substituted monon&# As the precursor to BA
that D—A interactions are possible in the smallest of these monomer4, we chose to use donor-substitu2dvith the

chromophores (monomé). Analogous B-A communica-
tion is, however, limited for the longer oligome®sand 13,

expectation that the cross-coupling &f with electron-
deficient 4-iodonitrobenzene would be easier than the

for which little change in electronic behavior is observed as coupling of 3 with the 4-iodoN,N-dimethylaniline. Thus,

a result of increased oligomer length.

treating a THF solution of2 with a slight excess of

The series of cross-conjugated chromophores was syn-tetrabutylammonium fluoride (TBAF) effected removal of
thesized beginning from the differentially protected enediyne the TIPS moiety, and cross-coupling witHodonitrobenzene

1 (Scheme 13° Protodesilylation ofl with K,COs; in wet
MeOH/THF (5:1) effected removal of the trimethylsilyl
(TMS) moiety, while leaving the more robust triisopropylsilyl
(TIPS) protecting group intact. This monodesilylated deriva-
tive was then carried on directly, following workup, to a
Pd-catalyzed cross-coupling witlp-iodo-N,N-dimethyl-
aniline'? to afford the donor-substituted mononzin 63%
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provided D—A-substituted monomdras an orange solid.
The assembly of longer D/A oligomers began with the
common building blocKk. Following desilylation ofL, cross-
coupling with vinyl triflate 5'* utilizing Pd(PPhk)4/Cul and
Et,NH in DMF gave iso-PDA dimeb6.1° Selective removal
of the TMS moiety of6, followed by cross-coupling of the
relatively unstable intermediate wifliviodo-N,N-dimethyl-
aniline orp-iodonitrobenzene gavéand8, respectively?®
TIPS removal from7 with TBAF provided the terminal

(13) The purity and structure of all new compounds were confirmed by
1H and 3C NMR, IR, MS, and either EA or HRMS. Synthetic and
characterization details are provided as Supporting Information.

(14) Stang, P. J.; Fisk, T. Bynthesid979, 438—440.

(15) Typical Procedures. Preparation of 6, 7, and 9K,COs (30 mg,
0.22 mmol) was added to a solution df(151 mg, 0.455 mmol) in wet
THF (5 mL) and MeOH (15 mL) and reacted for 2 hp@tand HBO were
added, and the organic phase was separated, washed with aquesiis NH
dried (MgSQ), and reduced in vacuo to ca. 5 mL. The desilylated compound
was added to a degassed solutiorb @109 mg, 0.365 mmol) in DMF (10
mL). Pd(PPB)4 (21 mg, 0.02 mmol) and ENH (3 mL) were sequentially
added. After the solution stirred for 5 min, Cul (10 mg, 0.06 mmol) was

Org. Lett., Vol. 2, No. 23, 2000



alkyne that was then coupled withiodonitrobenzene to give ||| A

the D—A dimer9 as an orange solid. Table 1. Selected Physical Data for D/&o-PDAs

compound % yield Amax (€)2 mp (°C)P

2 63 325 (21 000) 45-46

TO™ 3 83 351 (15 600) 7072
SiMe; 4 70 325 (34 000) 159-162
5 227 (dec)®

7 56 325 (26 100) 68—69

To complete this series of cross-conjugated chromophores, 303 (35 700)

dimer 6 was selectively protodesilylated and cross-coupled 295 (34 800)

with vinyl triflate 5 to give the trimerl10 in 52% yield. 8 9 ggg 82 igg; 58760
Donor- and acceptor-substituted trimet$ and 12 were 293 (24 600)

synthesized in good yields by desilylation b followed 9 76 325 (sh, 31 300) 154—156
by coupling with p-iodo-N,N-dimethylaniline angb-iodo- 291 (43 500) 217 (dec)®
nitrobenzene, respectively. Desilylation of donbt and 1 76 325 (sh, 24 800) 111-113
cross-coupling withp-iodonitrobenzene afforded D—A-13 295 (38 600)

in 70% vyield as an orange solid. 12 84 223 (9h80202) 900 779

Thermally, donor/acceptor oligome#s 9, and13 show 287 86'600) )

reasonable stability despite their potentially reactive enyne 13 75 325 (35 500) 147 (dec)
framework. Melting points for all derivatives are found in 297 (46 600)

Table 1, as are decomposition points for-B derivatives
4,9, and B as determined by differential scanning calorim-
etry.

Empirically, the most obvious electronic changes are with cross-conjugated D/A substitutidi® Their behavior,
observed within the series of monome@rs4. As aresult of  however, dramatically contrasts that of similar linearly
donor—acceptor substitution, monom¥rs clearly a more  conjugated chromophores, which show significant batho-
highly colored orange solid in comparison to don®y &nd chromic shifts upon D—A substitioh®:16
acceptor (3) monomers, which are yellow solids. In the  Donor—acceptor chromophorsand13 are also orange
absence of cross-conjugated-B interactions across the  solids, whereas donor (I1) and acceptor (8.2) derivatives
alkylidene spacer, one expects the spectrum @f merely
be a composite of its parts, i.2,and 3. The difference || NG
between the more coloret] versu2 and3, is found in the
lower energy region of the spectrum that extends out beyond

aIn CHC; € in L mol~t cm™2. ® Uncorrected® Decomposition, by DSC.

A
450 nm for4 (Figure la). At this point, however, it is 310 ]
impossible to determine if this difference results from a red- B |
shifted absorption band fe¥ or from “tailing” of a hidden 210
shoulder absorbance. The YVis characteristics d2—4 are € 1104 i
similar to those observed for tetraethynylethene derivatives I

0

added, and stirring was continued underfbr 2 h. Workup and column 50104 B
chromatography (silica gel, hexane/&@p 1:1) afforded6 (118 mg, 63%). 40104 [ ]
To a solution of6 (152 mg, 0.370 mmol) in wet THF (3 mL) and MeOH . |
(15 mL) was added ¥COs; (27 mg, 0.21 mmol), and the mixture reacted 3.0-104 i
for 5 h. Following workup, the ethereal solution of the terminal acetylene € 3
was reduced in vacuo to ca. 5 mL and added to a degassed solution of 2.0-104 b k
p-iodo-N,N-dimethylaniline (106 mg, 0.482 mmol) in4& (40 mL). PdC}- A
(PPh)2 (27 mg, 0.04 mmol) and Cul (14 mg, 0.07 mmol) were added, and 1.0-10 ]
the mixture was stirred at room temperature under nitrogen for 14 h. Workup 0 [
and column chromatography (silica gel, hexane/Clhi5:2) afforded? (96 5.010%
mg, 56%). To a solution of (66.4 mg, 0.145 mmol) in wet THF (25 mL) ’ | c
at 0°C was added BINF (0.3 mL, 1.0 M in THF), and the mixture stirred 40104 .
for 15 min. Following workup, the ethereal solution of the terminal acetylene L !
was reduced in vacuo to 5 mL and added to a mixture ¢fl E20 mL) and ¢ 3.0104 E
THF (20 mL). The solution was degassed for 1.5kpdonitrobenzene ; 1
(36.7 mg, 0.147 mmol), PdgPPh), (4.7 mg, 0.007 mmol), and Cul (4 20104 §
mg, 0.021 mmol) were added, and the mixture was stirred at room a1
temperature under nitrogen for 6 h. Workup and column chromatography 1.010 I ]
(silica gel, hexane/CCl, 1:1) affordedd (33 mg, 76%) as an orange solid, 0 N\ e
mp 154—156°C: IR (cast) 2924, 2202, 1608, 1519, 1342¢ptH NMR 250 350 450
(300 MHz, CDC}) 6 8.16 (d,J = 9.0 Hz, 2H), 7.57¢, J = 9.0 Hz, 2H), Wavelength (nm)

7.32 (d,J = 8.9 Hz, 2H), 6.61d, J = 8.9 Hz, 2H), 2.95 (s, 6 H), 2.12 (s,
6H), 2.10 (s, 3H), 2.08 (m, 3H®C NMR (75.5 MHz, GD¢) 6 155.4, ) ) . . .
151.9,150.3, 147.1, 133.0, 131.9, 130.0, 123.4, 112.2, 111.0, 103.0, 102.3 Figure 1. Electronic absorption spectra in CH@omparing (A)
93.6,92.2,90.5, 90.0, 87.9, 85.1, 39.6, 22.8, 22.7 (3C); EI HRMS 422.19874 monomers2—4, (B) dimers7—9, and (C) trimerd1-13.

(M*, 100).
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are pale and bright yellow solids, respectively. The UV— monomer4 shows evidence of D/A electronic communica-
vis spectra for D/A-substituted dim@rand trimerl3 (Figure tion, such communication in the longer oligomé&rand13
1b,c) are similar to those of monomér with the notable  appears to be considerably limited.

exception that there is no lower energy absorptiordfand

13. Thus, only monome4 exhibits a UV—vis observable
influence from the incorporation donor and acceptor groups
to the enyne framework.

In conclusion, we have developed an iterative and versatile
procedure for assembling donor and/or acceptor-substituted
cross-conjugated enyne oligomers. The electronic charac- Supporting Information Available: Experimental pro-
teristics of this new series of oligomers have been studied cedures and characterization for all new compounds. This
by UV-—vis spectroscopy and show that, whereas D/A material is available free of charge via the Internet at
http://pubs.acs.org.
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