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SYNTHETIC COMMUNICATIONS, 26(20), 3719-3723 (1996) 

Polassium Fluoride Supporled on Alumina Induced 
Aldol Condensation of Fluorene 

Wen-Xing Lu , Chao-guo Yan: Rong Yao 

Department of Chemistry, 
Teachers College of Yangzhou University: 

Yangzhou, 225002, P. R. China 

Abstract: In the presence of potassium fluoride supported on 
alumina as a solid base, Fluorene condensated smoothly with 
aromatic aldehydes in DMF at 150 'C to give dibenzofulvenes in fair 
yield (44909.6). 

The utility of fluoride salts 3s bases in 3 variety of synthetic 
reactions has been recognized in recent years. 11-2J ~11e potassium 
fluoride supported on alumina has stronger basicie and is 
considerably more reactive than non supported potassium tluoride. It 
has been demonstrated that KF-Al203 is a versatile solid base for 

various organic reactions. such as aldol condensation. [3-51 Darzens 

reaction, [3751 Michael addition reaction. E3-6-81 p -elimination 

reaction,[3] alkylation on carbon. nitrogen, oxygen and sulfur 
centers. etc. We have successfully used KF-Al203 as a solid base 
catalyst to catalyze the aldol condensation of indene and 
acetophenone with aromatic aldehydes.[' 3] Our ongoing research 
program aimed at extending the applications of KF-Al2O3 as a solid 
base in organic synthesis. Here we wish to report the application of 
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3720 LU, YAN, AND YAO 

KF-Al203 in the aldol condciisatiun ~ t '  fluc\rene nith aromatic 
aldehydes. 

+ 

1 2a-3 

R = p-F. p-Ci. p-H, p-Ciij. p-OCiij. p-N(CIij 12. ni-Cl 

The aidoi condensation of iiuorene wirh carbond compounds 
havc bccn knoi\:n to :a!x placc tirrdcr :hc basc ca:a!:\.s:s such ns 

soaiutu aicohoiate [ I 4 ]  or sodium hydroxide in the presence of a 
phase transfer catah'stl ' 1 - '* 1' 1 ,   on. in. adding one equii.oient oi' KF- 
AI203 pouder ti; the rcactiiin misttire. i \hich i\'ss siispendecl iii the 
solution. it'e carried out ills candensation of iliitirelle n.itli a si-i ijf 
sronatic aldehydes in d:niet!?!;lti)r:imide zt the ?e!r.pe:-ztiire d 15!! c'. 
The experiniental results listed in  hhle I showd that ne:ir!y a11 fair 
yields of condensation products dibenzc~fiil~enes n.ere obtained 144- 
90" 0 ) .  This demonstrated that potassium fluoride sopported 011 

alumina i s  an ef'f'ective solid base h r  !he aldol cot~deti~a?io!~ of 
tluoreiie. 

111 order io gel ihe besi I-eaciion wndiiions. we haw ~iio~-oughly 
studied various reaction parameters by choosing the reactio:i of 
fluorene with F-clilcwc,hetll,?l~leh?.de R S  n comparin_g stnntiml It' 
KF-Ai2Oj was not added to the reaction mimwe. rhe 
condensation did not take piace. neariy the totai of uiireacted iliioreiie 
can be reciivered. Chi tlie other lraild. the molar raiio of KI'-A1203 ic 
reactive materials strongl?- affected the yields of p ~ d ~ c ~ t s .  best 
molar ratio is nne eq~:iw!ent c?f K!:-PJ;CI3 t:? one eqi:kslent :!f 
!luorei:e and aldehyde (. KF-A!$>j!flluorene aldeh!.de =! : 1 : I  ). v.-Dic!: 
gave the highest yield of dibenzofdc.ene (3b) ((?!lo G ) .  Tleficient 
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ALDOL CONDENSATION OF FLUORENE 372 1 

Table 1 The Data of the Substituted Fulvenes 

Entry R Yield m p m p in Formilla c H IR 

( 9; I t 'C:)  llt(l41, 'c)  calcd found calcd found ( crn-l) 
~~~~ ~~~ ~ 

3a p-F' 65 118-119 (120) C2,,HI3F 8856 8821 4 73 4.81 1597 

3d p-CH? 73 96-97 ( Y 7  5 )  C21Hlh Y3.N Y3.YY 6.12 6.01 1631 

3e D-CH~C) 85 129-130 I130-131bC=1H160 88.87 88.70 5.69 5.67 1635 

3f p-N(CH3): 67 !?!-I36 I 135-135 51 C,2HlSN 88 14 88.85 0 5 5  6 I 4  1598 

(0  6 : l : l )  and excess ( 1.2511 11) of amount of KF-AI203 both led to 
the decrease of yields (43OO and 63O O respectively). 

If the reaction was carried out in an aprotic polar solvent e. g. 
DMF. the temperature was also affected the reaction yield . When the 
reaction was carried out at 100. 140, 150 'C for the same time (10h), 
the yields of dibenzofulvene (3h) were 56O.0, 63O10 and 90Y.o 
respectively. if the reaction was carried out in ethanol or 
acetonitrile at their refluxing temperature for the same time (1 Oh) as 
in the DMF, the yield decreased to 620.0 or 5640. this results 
indicated that the propertis of the solvent have some effects. Here it 
must be mentioned [hat all the solvenis ought to be dried thorwghly, 
for the moisture greatly diminishes the activip of KF-Al203 . 

We also carried out the condensation reaction of fluorene with 
p-chlorobenzaldehydes in the presence of potassium carbonate 
supported on alumina K2C03-Al203 as a solid base in DMF at 150 
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3722 LU, YAN, AND YAO 

C for 10h. as in the reaction using KF-A1203 as solid base, 1vhic.h 
gave 76O.0 yield of dibenzofulvene (3b). This means that the activity of 
KF-AI203 can be comparing with the activity of the widely used 
base K2C03 . 

Thus, in conclusion, it can be said that potassium tluoride 
supported on alumina is an efkctive reagent for the aldol 
condcnsation of tluorcnc and our ccpcrimcntal routc providcs casy 
and efficient ways to prepare dibenzofdvenes. It is believed 

that[' 7*1 8] KF-Al203 owes its efficient and versatile reactivity as a 
heterogeneous base for organic synthesis to at least three possibly 
mechanistns: dispersion and increased surface area of KF giving co- 

ordinately unsaturated F-; liberation of strong base during preparation; 

and co-operative action of F- and the hydrated alumina surface. 

Experiment Section 

Fluorene and aromatic aldehydes are commercial reagents tor 
organic synthesis. DMF. EtOH and CH3CN are dried by standard 
methods. The solid base catalvst KF-Al203 (12.5 mmol KF on 2g 
alumina J and I(2CO3-Al203 (6 mmoi K2C03 on 2g alumina) are 

prcparcd by rcportcd mcthods L3* 91.  Mclting points wcrc dctcrmincd 
by usins the capillary tube method and are uncorrected. The 
microanalysis bere obtained b>i using a Carlo Erba model 1106 
Elemental Analyzer. IR bere recorded as KBr disc on a Nicolet 170 
SX IR Spectrometer. 

General Procedure: 
solution of tliiorene ( 0.83g 5 illinol) and KF-Al203 

( 0.8Og. 5 tnmol) in DMF ( 8 niL) is added the aruriiatic aldehyde 
( 5  mmol) . 'The mixture is stirred at 150 'C for 10 hours. Then the 
solid catalyst is filtered from the reaction mixture. The organic 
solution was cooled and poured into water (.SOmL). A yellow solid 
product precipitated. fi tiich was filteted. washed with water a id  

To a 
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ALDOL CONDENSATION OF FLUORENE 3723 

dried in air. and finally recrystallized from ethanol. The product was 
ready for analysis. 
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