Bottom-up Modular Synthesis of Well-Defined
Oligo(arylfuran)s
Yang Chen, Tongxiang Cao, and Shifa Zhu*
Key Laboratory of Functional Molecular Engineering of Guangdong Province, School of Chemistry and Chemical
Engineering,

South

China

University

of

Technology,

Guangzhou

510640,

China;

*Correspondence:

zhusf@scut.edu.cn

Oligofurans have attracted great attention in the field of materials over the last decades because
of their several advantages, such as strong fluorescence, charge delocalization, and increased
solubility. Although unsubstituted or alkyl substituted oligofurans have been well-established,
there is an increasing demand for the development of the aryl decorated oligofuran with structural
diversity and unrevealed properties. Here we report the first example of bottom-up modular
construction of chemically and structurally well-defined oligo(arylfuran)s by de novo synthesis of
α,β′-bifuran monomers and subsequent coupling reaction. Moreover, a preliminary study of the
photophysical properties demonstrated that the polarity-sensitive fluorescence emission (up to
530 nm) and ultra-high Stokes shifts (up to 244 nm) could be achieved by modulating the aryl
groups on the oligo(arylfuran)s. These twisted molecules constitute a new class of oligofuran
backbone useful for structure−activities relationship studies and appear to be promising
fluorophores.

The development of operationally straightforward and precise-effective routes for the assembly of
heterocycles from simple starting materials is very important for many scientific endeavors. Furan is one
of the most important five-membered heterocycles, which have been found widespread applications in
bioactive pharmaceuticals,1-3 agrochemicals4 and functional materials.5,6 Furthermore, the nonfused
linear oligomers of furan (oligofurans, nF), can be employed as useful building block in synthetic organic
chemistry7,8 as well as a potential skeleton in material science.9-11 In addition, oligofurans were regarded
as “green” materials as furan can be directly obtained from renewable bioresources 12 and are easily
biodegradable.13 However, compared to the thio-analogues, oligothiophenes (nT), which were considered
among the workhorses in the field of organic electronic materials,14 oligofurans (nF) have been
overlooked for a long time.15-21 A decade ago, researchers have already demonstrated that oligofurans
exhibited higher fluorescence, better solubility, greater rigidity, and tighter solid-state packing than the
corresponding oligothiophenes. These promising advantages have spurred massive efforts toward the
design and synthesis of novel oligofuran-based materials during the past decade. For example, in 1981
Kaufmann’s group have achieved the α,α-tetrafuran (α,α-4F) using the Ullmann homocoupling reaction,15
and about twenty years later the substituted α,α-pentafuran (α,α-5F) was reported by the same group

through Negishi coupling reaction.16 In 2010, Bendikov realized the synthesis of the α,α-nonanfuran (α,α9F) via Stille coupling.17 The longest α,α-oligofuran (16F-2C6) bearing with adjacent C6-alkyl-substitution
was synthesized by the coupling of soluble furan oligomers. (Figure 1a).18 In addition, a unique βsubstituted α,α-oligofuran (4F) was synthesized by Zhang’s group via an elegant iterative radical tandem
cyclization mediated by a Co (II)-based metalloradical catalyst.19 Interestingly, it is also about twenty
years later from Wong’s seminal synthesis of the β,β-oligofuran (8F, R = SiR’3),20 an iterative crosscoupling synthesis of similar oligofuran (8F, R = Br) was achieved and revealed its 3D conformation by
Paddon-Row (Figure 1b).21 Despite of these achievements in α,α-oligofurans and β,β-oligofurans, the
preparation of polyfunctional oligofurans is still challenging.

Fig. 1. Development of oligofurans. a α,α-oligofurans. b β,β-oligofurans. c retrosynthetic analysis of
polyfunctional oligofuran. d This work: bottom-up modular synthesis of oligo(arylfuran)s.
As Bendikov observed in the 16F-6C6 and nF-2C6, the adjacent alkyl substituents on the C3 position
have no impact on the planarity of the backbone. 18 What’s more, several observations indicated the
slightly twisted aryl substituents might benefit in electronic communication. 22-24 Therefore, it’s reasonable
to postulate that substitution of alkyl substituents with more sterically hindered aryl groups might result in
slight twisted oligofurans. Importantly, the incorporation of aryl groups provides a powerful means in
modulating the properties of the oligofurans via conjugation effect of arene. However, the limited
accessibility of versatile 2,3-difunctionalized and 2,4-difunctionalized furans with suitable coupling
handles and the potential competition of α-C-H bond of furan during cross coupling severely impeded
efficient synthesis of aryl decorated oligofurans.20,25 To the best of our knowledge, there is no successful
report on the design and synthesis of polyaryl substituted oligofurans. In this regard, developing an
efficient and reliable synthetic strategy to assemble oligo(arylfuran)s would be challenging but highly
desirable.
Recently, transition metal-catalyzed cycloisomerization of enynones/enynals has become a
straightforward method for the synthesis of functionalized furan.26 Based on our previous work in this
area27-34 and also inspired by metal carbene-involved semi-pinacol rearrangement,35-40 we envisioned

that the simple and commercially inexpensive starting material enynals might underwent a tandem
cycloisomerization/selective alkynyl rearrangement/cycloisomerization reaction to furnish the desired
α,β′-bifuran as monomer, which not only avoid the direct formation of the α,β-connective bond but also
improve the efficiency of oligofurans assembly (Figure 1c). If such a cascade reaction is valid, it would
allow the selective and straightforward introduction of different aryl groups into each furan unit of the
bifurans without otherwise tedious process for introduction of the substitution. In addition, the resulting
arylbifurans could serve as versatile modular building blocks in the bottom-up synthesis of chemically and
structurally well-defined oligo(arylfuran)s, paving the way for deep structure-property investigation (Figure
1d).

Results
Optimization Study With obove mentioned consideration, our initial tests were set out by using arylenriched enynal 1-1 as the substrate for reaction condition screening. As shown in Table 1, the reactions
were conducted in toluene at 60 °C. Different transition metals were tested for this transformation. The
coinage metal salts, which were typically good catalysts for enynones,29,41,42 were almost ineffective for
this transformation (entries 1-3). ZnCl2, another important catalyst for the cycloisomerization of
enynones,43 could not catalyze this reaction either (entry 4). Gratifyingly, the desired bifuran product 2F1
could be successfully produced in 20% yield when (CH 3CN)2PdCl2 was applied as the catalyst (entry 5).
The yield could be significantly improved when PtCl2 was utilized (entry 6, 63%). It has been reported that
the presence of a protonic additive could often improve the reaction efficiency through assisting the
protodemetalation of the vinylmetal intermediate.44-46 As expected, the addition of isopropanol (1.1 eq.)
Table 1. Optimization of the reaction conditionsa

entry

cat. (mol%)

t/h

Yield[b]

1

Ph3PAuCl (5)/AgOTf (5)

24

ND

2

AgNTf2 (10)

24

trace

3

CuCl (10)

24

trace

4

ZnCl2 (10)

24

ND

5

(CH3CN)2PdCl2 (10)

24

20%

6

PtCl2 (5)

24

63%

7c

PtCl2 (5)

8

80%

8c,d

PtCl2 (5)

24

90%

c,d

PtCl2 (1)

72

55%

9
aUnless

otherwise noted, reactions performed at 0.1 M in toluene using 0.20 mmol substrate and catalyst (5 - 10

mol %) at 60 °C under a N2 atmosphere. bIsolated yields. c1.1 equiv. of iPrOH as additive. d[1-1] = 0.025 M.

as protonic additive could efficiently enhance the reaction efficiency (entry 7), which finished in shorter
time (8 hours) and afforded the desired product 2F1 in higher yield (80%). Lowering the reaction
concentration further improve the reaction yield to 90%(entry 9). With only 1 mol% of catalyst, the yield
dropped to 55% after 72 h (entry 10).

Scope of the Investigation Having established the optimal reaction conditions (Table 1, entry 8), the
substrate scope of this platinum-catalyzed tandem cycloisomerization reaction was then evaluated. As
shown in Figure 2, this reaction could be successfully applied to a variety of enynals 1 with different
combinations of groups R1, R2, and R3. The reactions were not strongly affected by the electronic and
steric properties and of groups R1, R2, and R3. In most cases, the yields of bifuran products 2F are higher
than 70% yield. Different halogen atoms and methoxy group at different positions on phenyl ring were all
well-tolerated. The enynal with naphthyl of R1, however, produced the corresponding bifuran 2F11 only
in 26%. Interestingly, a trifuran product 2F24 could also be assembled in 43% yield when R 2 is a furan
group. In addition, the α,β′-bifuran structure was unambiguously confirmed by X-ray crystallographic
analysis of 2F11. The molecular configuration of 2F11 is noncoplanar and with large dihedral angle
(66.30°) between two furan units due to the steric hindrance between the neighboring naphthalene and
phenyl groups (see Supplementary Material). To extend the conjugation system of the product, we
designed a bis-enynal for the synthesis of tetrafuran through double tandem cycloisomerization. Under
the standard reaction conditions, the bis-enynal starting material underwent rapid and complete
decomposition but did not give any desired tetrafuran product. We thought that the instability or high
reactivity may arise from the two free hydroxyl groups of the starting material. Therefore, a TBS-protected
bis-enynal was used instead. Under a slightly modified condition, the desired tetrafuran 4F1 could be
produced in 42% yield over two steps.
As shown in Figure 2, the bifurans 2F1-2F25 have only one α-position open for the potential
modifications, such as bromination or stannylation. Such structure will inevitably impede the following
applications in the synthesis of oligofurans through cross-coupling reaction. To access the α,β′-bifuran
monomer with two α-positions opening for conjugated system extension, we tried to synthesize the enyals
with a terminal alkyne group. However, these molecules are unstable and are difficult to prepare.
Therefore, we then turned our attention to other alternative ways. It’s well known that the use of
organosilyl group as a blocking group has been one of the most useful strategies in furan chemistry. Not
only are they easy to introduce and remove, but they can be replaced by electrophiles via an ipsosubstitution. In addition, the size of organosilyl group also has a pronounced influence on the
regioselectivity for the introduction of other groups on the furan ring.47-49 Therefore, enynals with a silicon
terminus on the alkyne were then prepared for the cyclization reactions, aiming at the synthesis of silylsubstituted α,β′-bifuran. As shown in Figure 2, the cycloisomerization reactions took place smoothly under
the standard reaction conditions (PtCl2/iPrOH). However, it’s not the desired 2-silylfuran 2F-Si, but instead
a 1,2-Si migration product 3-silylfuran 2F-Si′. It was demonstrated that functional groups such as methoxy,
fluoro, nitro and nitrile could be well-tolerated under these reaction conditions, affording the C2-

unsubstituted 3-silylfurans 2F-Si′ as sole regioisomer in good yields. It is supposed that the migration
might proceed through a β-silyl palatium carbene intermediate, wherein the 1,2-Si migration is kinetically
favored over the 1,2-H50-53 (See Supplementary Material for the proposed reaction mechanism). To
synthesize 2-silyl-bifurans, a stepwise strategy was adopted with TBS-protected enynals as starting
material. After systematic screening reaction conditions, (see the Supplementary Material), a stepwise
palatium/gold relay- catalytic system was developed for the synthesis of the desired 2-silylfuran 2F-Si. It

Fig. 2. Substrate scope. aUnless otherwise noted, the reactions were carried out in 0.2 mmol-scale under the
standard conditions; bi) PtCl2 (5 mol%), iPrOH (1.1 eq.), toluene, 60 oC; ii) (MeCN)4CuPF6 (5 mol%), toluene, 120 oC;
Condition A for 1,2-[Si] migration: PtCl2 (5 mol%), iPrOH (1.1 eq.), toluene, 60 oC; Condition B for the synthesis of αsilyl-bifuran: i) PtCl2 (5 mol%), iPrOH (1.1 eq.), toluene, 60 oC; ii) PPh3AuCl (5 mol%)/AgOTf (5 mol%), toluene, 90
oC.

α/β-regioselectivities were measured based on H1NMR of the crude products.

was found that a mixture of 2-silylfurans 2F-Si and 3-silylfurans 2F-Si′ were often obtained for the
electron-rich substrates, but with 2-silylfuran isomer dominated. The yields over two steps ranged from
50% to 82%. The regioselectivity of this reaction was highly dependent upon the electronic properties of
the starting materials 1. The results indicated that the more electronical deficiency of the substrates, the
higher α/β-regioselectivity of the bifuran products. For example, the α/β ratio for bearing electron-deficient
aryl substituents, the product α/β-regioselectivity increased significantly (2F29-Si, 2F30-Si, 2F31-Si).
Especially when R1 = CN, R2 = NO2, 2-silylfuran 2F31-Si could be obtained with a selectivity of > 99/1 in
51% yield. It is noteworthy that a silyl enol ether intermediate could be isolated for the first PtCl2-catalyzed
step (see SI). This reaction is quite robust and can be conducted in gram scale. The present methodology
constitutes a general and efficient route for the chemodivergent synthesis of silyl bifurans, which are
important synthons but not easily available via existing methodologies.
As mentioned in the introduction part, the synthesis of oligofurans mainly relies on the transition-metal
catalyzed cross coupling reactions of appropriate difunctionalized furan monomers. 17 Having established
the cascade reaction as a reliable and efficient method for the de novo synthesis of α,β′-bifurans. We
then advanced to synthesize bromo- and tin-substituted α,β′-bifuran through the bromination and
stannylation reactions.17 As shown in Figures S1 and S2, one or two bromine atoms could be selectively
introduced into the backbone of bifuran with NBS as the brominating reagent and the stannylation
products were easy accessed as well with Bu3SnCl as the tin reagent (more details see Supplementary
Material).
With a class of versatile modular α,β′-bifuran monomers (including bromo- and tin-bifurans) in hand,
we then advanced to assemble the desired oligofurans. As shown in Figure 3, a one-step Stille coupling
reaction of bromo-bifurans 2F-Br or 2F-Br2 with stannyl-bifurans 2F-Sn gave isomerically pure tetra
furans (4F2-4F12) in good to excellent yields. In addition to the monobromo-bifurans 2F-Br, 2,3′-dibromobifurans could be selectively cross-coupled at 2-bromo-position, leaving 3′-bromine atom unchanged.
This unique selectivity provided a good opportunity to access the 3-bromo-oligofuran family (4F5-4F7).
The structure of bromo-tetrafuran was unambiguously confirmed by X-ray crystallographic analysis of
compound 4F7. The X-ray structure of 4F7 shows that the four furan rings are non-planar. The dihedral
angle between A-ring and B-ring is 22.08°. The angle between B-ring and C-ring is 8.47° (almost
coplanar), which is similar to α,α-oligofurans.17 However, the angle between C-ring and D-ring is close to
vertical (85.65°), such high torsion angle should arise from the repulsion of two aryl substituents and one
bromine atom along the axial. The crystal packing shows no direct π-π interaction of the oligofuran
backbone and features large interplanar distances, which is expected to suppress the fluorescence
quenching and increase solid-state emissions (see the Supplementary Material). It is worth noting that
there just is slightly twisted in the backbone of Ar1-Ar2-A-B-C ring, which is reminiscent of the
organoborane acceptor-substituted polythiophene.22 Treatment of 4F7 with 1.0 equivalent of n-BuLi
produced the oligofuran 4F8 with six different aryl substituents, which is otherwise difficult to synthesize
by the conventional methods. As mentioned above, the use of organosilyl group as blocking or masking

group has been the most useful in furan chemistry.47 The silyl group will exert a profound influence upon
the regioselectivity of the furan ring. For example, when 3-silyl-2,2′-dibromo-bifurans were used as
coupling partners to react with stannyl-bifurans, only the bromine atom on the nonsilyl-furan is reactive
for the Stille reactions. Wherein the silyl group (TMS or TIPS) served as a good masking group, and the
bromine close to the bulky silyl group remained unreactive towards the standard Still coupling reactions
(see 4F9, 4F11 and 4F12). More importantly, the masking group of silyls could be easily removed with
TBAF and then the reactivity of the bromofuran will be released for the Stille-coupling reaction. For
instance, upon treatment with tetrabutylammonium fluoride (TBAF) at 50 oC in THF, 4F9 underwent
complete protodesilylation, affording the the corresponding tetrafuran 4F10-Br in 63% yield, which could
be utilized as important building block to access longer oligofuran (vide infra).

Fig. 3. Substrate scope. Stille couping conditions: Pd(PPh3)4 (10 mol%),1,4-dioxane, 90 oC, overnight.
In addition to the Stille-coupling reactions, the direct oxidative homocoupling of two bifurans through
the cleavage of two C-H bonds could also be harnessed to assemble the symmetric oligofurans (Figure
4).54 The homocoupling reaction of 2F-Si with 1.0 equivalent of Pd(OAc)2 as catalyst and oxygen (air) as
the oxidant proceeded smoothly in DMSO to furnish 4F-Si2 products in 36-63% yields (4F13-Si2, 4F14Si2 and 4F15-Si2). The masking silyl groups at α-position of 4F-Si2 could also be facilely removed with
TBAF, affording another type of important monomer 4F13 and 4F14 with four arylfurans in good yields,
as the newly released α-positions could be used as potential coupling sites for the synthesis of longer
oligofurans. The structures of silyl-tetrafuran 4F-Si2 were confirmed by X-ray crystallographic analysis of
compound 4F13-Si2 and 4F14-Si2 (see the Supplementary Material). The molecular configuration of
4F13-Si2 and 4F14-Si2 are the same on the whole. The inside two furan rings are fully coplanar, within

the accuracy of atomic positions. The outer two furan rings are non-planar, with the dihedral angles being
51.52°for 4F13-Si2 and 36.02°for 4F14-Si2, respectively, which is similar to that of 4F7 (22.08°). The
above X-ray crystallographic analysis of oligo(arylfuran)s indicated that the introduction of different aryl
groups would affect the conformation of oligofuran, the steric-hindrance effect between two neighbouring
aryl groups disrupted the planarity of backbone of these oligo(arylfuran)s, but the coplanarity of α,α-linked
furans was almost unaffected.

Fig. 4. Bottom-up Synthesis of Tetrafuran through Oxidative Homocoupling.

As an exhibition of superiority of the modular and programmable strategy, structurally diverse longer
oligofurans were assembled quickly in a controlled and designed manner by choosing different bifuran
and tetrafuran as coupling partners (Figure 5). For example, a double Stille coupling reaction of 2F1-Sn
and 2F32-Br2 under catalysis of Pd(PPh3)4 successfully afforded isomerically pure sexifuran 6F in 75%
isolated yield. In the same manner, functionalized tetrafuran could be used as Pd(PPh 3)4, the decafuran
10F with ten arylfuran units could be assembled successfully in 40% yield over two steps.

Fig. 5. Bottom-up Synthesis of Sexifuran and Decafuran.
So far, the photophysical properties of oligofurans are only limited to α,α-oligofurans and β,βoligofurans.15-21 The UV/Vis absorption and emission spectra of the representative bifuran (2F), tetrafuran
(4F), sexifuran (6F) and decafuran (10F) in solutions were then characterized and shown in Table 2 and
Figure 6. The absorption and emission maxima of these complexes vary from 263 nm to 332 nm, and

430 nm to 530 nm, respectively, depending on the number of furan units and aryl groups. To the general
trends, the absorption was red-shifted as the number of furan units increased, such as the λmax of 10F
was bathochromically shifted by 69 nm compared to 2F1 (Table 2). But the aryl substituents of oligofurans
had much more impact on the photophysical properties than the number of furan units. Oligofurans 4F1,
4F2, 4F13, in which all the aryl groups only having EDGs, show blue-shifts in the λmax relative to pushpull oligofuran 4F14. The organosilyl groups on the terminus of the oligofuran have little effect on the UV
absorption, such as the 4F13 (271 nm) and 4F13-Si2 (265 nm). Collectively, there was no obvious linear
correlation as the increment of number of furan, which indicated that the planarity is disrupted.17
Table 2. Basic Photophysical Properties of Oligo(arylfuran)s.
λmaxa
λemb
Δλc
Δνd
(nm)
(nm)
(nm)
(cm-1)
2F1
263
405
142
13331
4F1
286
430
144
11709
4F2
262
474
212
17070
4F13
271
437
166
14017
4F13-Si2
265
469
204
16413
4F14
318
519
201
12179
4F14-Si2
313
530
217
13081
6F
276
474
198
15135
10F
332
476
144
9112
a
b
c
Absorption maximum. Emission maximum. Stokes shift, Δλ = λem −
λmax. dΔν = 1/λmax − 1/λem. Concentration: 10 M; λex= 365 nm.
Compound

The solutions of these oligo(aryl)furans in DCM were highly fluorescent (Figure 6c). The emission
wavelengths can effectively cover the whole visible light range from 400 to 700 nm. The maximum
fluorescence emission wavelength of bifuran 2F1 was located at 405 nm. With increasing the number of
furan units, the fluorescence emission wavelength has a significant red shift, such as 4F13-Si2 (469 nm).
But the shift of the fluorescence emission peak will not have larger red shift when the number of furan
rings continues to increase to 6 or 10. This observation is completely different with those non-substituted
α,α-oligofurans in the literature.17 The reason for this phenomenon may be that the oligo(arylfuran)s are
not a large conjugation system because of the introduction of aryl groups into the oligofuran backbones,
as exemplified by the X-ray structures of 4F7, 4F13-Si2, 4F14-Si2. Oligofuran 4F14 showed relatively
strong emission in solution and has a relatively longer emission (519 nm) than other oligofurans. We
postulated that this redshift might result from the presence of the para-CN group at the B phenyl group,
which augments the efficiency of the CT process. Interestingly, the introduction of silyl group at the α
terminus (4F14-Si2) will make the emission wavelengths further shift to 530 nm, 55 which is the most redshifted emission. These results indicated that the strategy of combining the push-pull design and silyl
effect is a viable one for red- shifting the absorption and emission band of oligofurans, which enable this
protocol to prepare near-infrared oligo(arylfuran)s.
Additionally, the fluorescence spectroscopic behavior of 4F14, 4F14-Si2 were also investigated in the
solid-state. The emission spectra of the solids were shown in Figure S5 (see the Supplementary Material
for more details). Generally, the emission bands are nonsymmetric and very broad whereby the band
broadening of 4F14-Si2 is significantly more pronounced. Similarly, analysis of the fluorescence spectra

of bisilyl substituted tetrafuran derivatives 4F14-Si2 demonstrates that silyl substitution causes emission
maxima to shift to longer wavelengths by 93 nm.

Fig. 6. (a) Absorption spectra of representative oligo(arylfuran)s in DCM (Concentration: 10 M). (b) Emission
spectra in DCM (ex =365 nm, Concentration: 10 M). (c) Picture of oligo(arylfuran)s in DCM under UV light
irradiation (365 nm). (d) Fluorescence image (powder, ex =365 nm).

Intrigued by the strongly red-shifted emission, we also undertook solvochromicity studies with 4F13Si2, 4F14, 4F14-Si2 and 10F to scrutinize the effect of the solvent environment on their absorption and
emission properties (Figure S6, Supplementary Material). It is visually evident that compounds 4F14 and
4F14-Si2 exhibited a positive emission solvatochromism, their emission is shifted bathochromically with
increasing solvent polarity (cyclohexane to methanol), the corresponding emission spans the
wavelengths from 502 to 559 nm and from 489 nm to 549 nm respectively, covering blue, green, yellow,
and orange region of visible spectrum (Figures 5a and 5b). Such strong solvatochromism occurs due to
a combination of intramolecular charge transfer (TICT) and dipole–solvent interactions in solutions.56 On
the contrary, the absorption of 4F14-Si2 exhibited little change on changing the solvent polarity (Table S2
and Figure S6 in Supplementary Material). The absorption maximum of 4F14-Si2 only changed from 324
nm to 328 nm by increasing the solvent polarity. Thus the solvent dependence of the emission shows
that the excited state is stabilized in more polar solvents, which is due to an intramolecular charge
transfer.57
To our delight, most of the oligofurans complexes exhibit large Stokes shifts, 58-60 ranging from 142 nm
to 217 nm (Table 2). Analysis of the Stokes shift values in different solvents for the investigated molecules
showed large Stokes shift values for most compounds. The large increase in the values of the Stokes
shift followed the increase in the solvent polarity, as demonstrated by the compounds 4F13-Si2, 4F14,
4F14-Si2, in cyclohexane, toluene, 1,4-Dioxane, THF, DCM, chloroform, acetonitrile, DMF, DMSO, MeOH
with values in the range of 174 – 244 nm. Moreover, 4F14 possesses a super large Stokes shift, in excess
of 240 nm (Δλ), with an associated energy value (Δν) of ∼15000 cm−1, which is very useful for small
organic fluorophores,61,62 especially for their imaging applications.63-65

Representative plots containing the absorption and emission spectra of compound 4F14 in DMF
(Figure 7c) and compound 4F14-Si2 in DMSO (Figure 7d) are presented in Figure 7. As shown in the
plots, large Stokes shifts of 244 nm (4F14) and 231 nm (4F14-Si2) were realized, largely avoiding the
overlap of the absorption spectrum and emission spectrum. Minimal spectral overlap between absorption
and emission distinguishes oligo(arylfuran)s from the reported α,α‑oligofurans and β,β‑oligofurans.17,18,21
This property is highly demanded for fluorescence probes as it prevents the self-absorption or “inner-filter”
effect to increase the signal to noise ratio for fluorescence imaging.66

Fig. 7. Fluorescence spectra of (a) 4F14 and (b) 4F14-Si2 in solvents of different polarity (THF, tetrahydrofuran;
DCM, dichloromethane; CAN, acetonitrile; DMF, N,N- dimethylformamide; DMSO, dimethyl sulfoxide) under 365 nm
excitatation. Concentration: 10 M; Normalized absorption and emission spectra of (c) 4F14 in DMF and (d) 4F14Si2 in DMSO showing the overlap region.

All the synthesized oligo(arylfuran)s exhibit excellent solubility in common organic solvents, such as
toluene, chloroform, DCM, and THF. Tetrafurans are stable in powdered form and even as a DCM solution
when exposed to air (including moisture air) at room temperature for up to at least a few weeks. The
simple furan derivatives containing electron-rich groups reported in the previous literature are usually
unstable with respect to a combination of light and oxygen, are known to react with singlet oxygen to form
unsaturated esters or decompose via ring opening of furan endoperoxide.25,67 The stability of the series
of oligo(arylfuran)s was verified by TGA measurement (Figure S10, Supplementary Material) and a
parameter of Td10 (10% weight-loss temperature)68 is used to describe the thermal durability of these
compounds (see Table S3 in Supplementary Material). The TGA curves of oligo(arylfuran)s indicated that
they remained almost unchangeable when the temperature is below 230 oC and the Td10 values were
found to range from 267 to 457 oC. The push-pull derivatives 4F14 and 4F14-Si2 show higher thermal
stability compared with other oligo(arylfuran) compounds. It is worth mentioning that the Td10 value for the

4F14 can still reach 414 oC even in the atmosphere of air, which suggests that it can satisfy the stability
requirements for applications in organic electronic devices.

Discussion
In summary, we have developed the first bottow-up modular construction of chemically and struturally
well-difined multiaryl-substituted oligofurans via a platinum-catalyzed de novo systhesis of bifuran
monomers and palladium-catalyzed cross-coupling reaction. It is worth mentioning that tetrafuran 4F8
with six different phenyl substituents could be synthesized by this means. Single-crystal X-ray analyses
revealed that the steric-hindrance effect between aryl groups and neighbouring furan rings distrupted the
planarity of backbone of these oligo(arylfuran)s, but there still have manipulating space in acheiving slight
twist oligo(arylfuran)s in terms of the crystal date of 4F7. These twisted oligo(arylfuran)s exhibit excellent
solubility in common organic solvents (toluene, chloroform, DCM, and THF) and the high stability towards
heat, oxygen and moisture. More importantly, the photophysical properties could also be well-modulated
by installing different aryl groups, such as tunable and polarity-sensitive fluorescence emission and ultrahigh Stokes shifts up to 244 nm (15426 cm-1). The modular assemblied oligo(arylfuran)s generated by
varying the aryl substituents in the resulting oligomers together with rapid characterization methods will
provide us a way to the accelerated investigation on structure property relationships. Further
investigations of the application of these oligo(arylfuran)s are currently in progress in our laboratory.

Methods
General procedure I: Under nitrogen atmosphere, to a solution of enynals 1 (0.2 mmol) in dry toluene
(0.025 M), PtCl2(0.05 eq, 2.7 mg) and iPrOH (1.1 eq, 13.2 mg) were added. The reaction mixture was
then heated to a temperature of 60 oC and stirred for 6 - 48 hours. After the reaction was completed, the
reaction mixture was filtered through short silica gel, and then the solvent was removed under reduced
pressure. The bifuran product was purified by flash column chromatography (silica gel, petroleum
ether/AcOEt = 100:1) to yield 2F.

General procedure II:
Under nitrogen atmosphere, to a solution of enynals 1 (0.2 mmol) in dry toluene (0.025 M), PtCl2 (0.05
eq, 2.7 mg) and iPrOH (1.1 eq, 13.2 mg) were added. The reaction mixture was then heated to a
temperature of 60 oC and stirred for 6-48 hours. After the reaction was completed, the reaction mixture
was filtered through short silica gel, and then the solvent was removed under reduced pressure. The
bifuran product was purified by flash column chromatography (silica gel, petroleum ether/AcOEt = 100:1)
to yield S1.
Under nitrogen atmosphere, to a solution of S1 (0.1 mmol) in dry toluene (0.1 M), Au(PPh3)Cl (5 mol%,
2.4 mg) and AgOTf (5 mol%, 1.2 mg) were added. The reaction mixture was then heated to a temperature
of 90 oC and stirred for 12 - 24 h. After the reaction was completed, the reaction mixture was filtered

through short silica gel, and then the solvent was removed under reduced pressure. The bifuran product
was purified by flash column chromatography (silica gel, petroleum ether/AcOEt = 10:1) to yield 2F-Si.

Data availability
The data for X-ray crystallographic structure 2F11, 4F7, 4F13-Si2, 4F14-Si2 has been deposited in the
Cambridge Crystallographic Database Center under accession number CCDC: 1989587, 1989589,
2030795, 2030794.
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