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Abstract:  The reactivity of the 4-pyfidylboronate 5a for PdCl2(dpp~catalysed cross-coupling reaction with an 
anthraquinone triflate is presented, and compared with its 2-thienyl- and phenylboronic analogues. Best results have been 
obtained on a small scale with anhydrous K3PO 4 using an O2-scavenger or under rigorously anaerobic conditions. 
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Polyaromatic bridging ligands based on anthracene such as 1 represent an attractive class of rigid 

photochromic devices for molecular electronics, One of the most direct entries to this family of compounds is a 
palladium-catalysed (hetero)arylation of readily available anthraquinones bis-triflate followed by 

diarylanthraquinone rearomatisation (Scheme 1). 
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Scheme 1 

We selected 4-pyridyl groups for their complexing abilities and the topographically interesting 

anthraflavic acid bis-triflate 3 as anthracene precursor. Since the latter was known to undergo Stifle cross- 

coupling with phenyltrimethyltin, 1'2 we planned to use the analogous reaction, with 4-trimethylstannylpyfidine 

4, 3 to introduce the pyridyl groups. However, no significant cross-coupling oceured in our case whatever the 

conditions used. 4 Traces of the desired 2,6-di-(4-pyridyl)-anthraquinone 2a were obtained with PdCl2(dppf). 

This failure prompted us to explore the Suzuki reaction S with the latter palladium salt as catalyst, using the 

recently described potential synthon for such a reaction: 4-pyddylboronic acid pinacol ester 5a. 6 
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The reactivity of boronate 5a towards aryl halides has been first tested with the bromoarenes 6a and 6b 

(Scheme 2). Mono- and and dipyridyl- anthracenes 7a and 7b 7 have been obtained with 63 % and 51% yield 

respectively (unoptimised) with K3PO4 / dioxane 8,9 showing that 4a behaves as expected. 

Br N=yB:o° _ 
Z PdCI2(dppf) 10 % 

K3PO4, dioxane, 100 °C 
6 a : Z = H  7 a : R = H  

6b : Z = Br 7b : R = 4-pyridyl 

Scheme 2 

table 1. 

A more complete study was then undertaken with the triflate 3. (Scheme 3). Results are summarized in 

0 0 

TfO" v - , ~  w + Ar-8 Ar 
O O 
3 Sa : 4-pyridyl 2a : 4-pyridyl 

5b : 2-thienyl 2b : 2-thienyl 

5C : phenyl 2¢ : phenyl 

Scheme 3 

"Wet" or strong bases (entry 1 to 3)8,10,11 predominently led to tars and triflate hydrolysis. Use of 

Ba(OH)2.8 H20 / DMF (entry 4) enabled us to obtain a poor yield of anthraquinone 2a but reagents degr,0dation 

could not be avoided. We found that triflate hydrolysis reaction could be limitted by using dioxane and 

anhydrous K3PO4 which should also prevent debomnation of the electron deficient 5a (entry 5). 8 

Tars formation was attributed to oxidation processes despite the use of standard Schlenk techniques 

hence the importance of this parameter was controlled. Indeed, the addition of a O2-scavenger, the 2,6-di- 

terbutyl-4-methylpbenol (DTMP), increased the yield markedly (entry 6). The optimal quantity was found to be 

0.7 eq. to triflate 3. Similar result was achieved with a very careful degasing of the reaction mixture which 

increased the yield up to 67% (entry 7). No improvements were found by using fluoride 12 as base (entry 8). 

Unfortunately, attempts to scale up the reaction were unsuccessful, the yield being less than 30% 

whatever the care taken to exclude oxygen from the reaction vessel. We suspected triflate 3 to be poorly reactive 

so cross-coupling with other boronic acid pinacol esters (i.e. (2-thienyl)- 5b 13 and phenyl- 5c 14) were tested 

under the same conditions as for 5a. 15 This hypothesis was ruled out since moderate to good yields of 

respectively 2,6-diphenylanthraqninone 2c 16 (entries 13, 14), and 2,6-(2-thienyl)-anthruquinone 2b (entries 9- 

12) were obtained. For the thienylborunate 5b, these results along with a lack of sensitivity to DTMP 

concentration (i.e. residual 02 level) nught signify that its catalytic cycle is run faster than for 5a, limiting side- 

reactions. 
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5b (2-thienyl)- 9 

10 

11 

12 
i i  
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14 

a) : reagents were mixed, degassed then solvent was 

Entry Base Solvent 27 

0solated ~icld) 

"wet" K2CO313 dioxane a 

tBuOKl4 DME a 

Ba(OH)2.8H20 dioxane a 

Ba(OH)2.8H20 DMF a 13% 

K3PO4 dioxane a 11% 

K3PO4, DTMP dioxanea 66% 

K3PO4 dioxane b 68% 
1 

KF c ]5, DTMP dioxanea 57% 

K3PO4 dioxane a 64% 

K3PO4, DTMP dioxanea 85% 

K.F c dioxane a 80% 

KF c, DTMP dioxane a 83% 

K3PO4, DTMP dioxane a 59% 

KF c, DTMP dioxane a 59% 

added, and the mixture degassed (3 cycles vacuum (5 mmHg, 2mn.)-argon) 

before being heated (100 °C, closed Schlenk tube) for 24 hrs. b) : reagents under dynamic vacuum for 2 hrs, then a). c) : 0.1 eq. of 

18-C-6 was added. 

Table 1 

Suzuki cross-coupling reactions involving electron-deficient botanic acids are known to be challenging. 

17 In our case, we have pointed out the effect of residual oxygen and, on a small scale, strictly anaerobic 

reaction conditions give excellent results while the Stille analogous reaction fails. Since 5a is extremely easy to 

handle, it may be a good alternative to its tin analogue. 
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