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Abstrac t :  An ~r and moisture stable P-ylide, dimethyl fluorenyfidenelributylphosphomnyfidene- 
suecinate acts as a new type of dehydrating agent for synthesizing acid anhydride, ester, and amide. The 
ylide is most suitable for inducing these reactions in analogous P-ylides. The reaction is considered to be 
caused by internal reductive and oxidative nature of the P-ylide. © 1997 Elsevier Science Ltd. 

In order to exploit new reactions of stable P- and S-ylides insensitive to air and moisture, we expect to 

induce the characteristic reactions based on a redox property of the ylides which has not hitherto been clearly 

elucidated. Especially in a P-ylide, there exist reductable carbanion center and oxidizable phosphorus moiety 

internally. We planned to examine coupling reactions v/a dehydration of various substrates induced by the 

inherent redox property of the P-ylides (eq. 1). As a result, the reaction induced by the following stable P-ylide 

gave acid anhydride, ester, and amide in good yields. Thus, the yfide can be regarded as a new type of dehydra- 

ting agent. 

Similar strategies on the P- , . H  H-O..~ 

ylides have scarcely been studied. ~ 6 [ ~ _ 1 /  

Dialkyl ether was formed in the reac- 

tion of p-nitrobenzyfidenetriphenyl- Reducfive Oxidative 

phosphorane with the corresponding Part Part 

)" R--A + ~CH2 + ~P=O (1) 

alcohol. I Dehydl~tion reactions of carboxylic acids employing tributyl- and triphenylphosphine and trans- 

dibenzoylethylene have been reported previously) Recently, cyanomethylenetributyl- and cyanomethylene- 

trimethylphosphoranes have been used as unique substitutes for the Mitsunobu reagent) The Mitsunobu reaction 

has been established as one of the notable synthetic reactions. 4 

The objective phosphoranes are fluorenylidenetributyl- 

phosphorane (1) and fluorenylideneethylidenetributyl- or triaryl- 

phosphoranes (2).5 Those were conveniently prepared by the 

literature procedures. 6 The P-ylides 1 and 2 are very stable to air 

and moisture and can be stored indefinitely under ordinary 

laboratory conditions. In the viewpoint of chemical reactivities 

of those with benzaldehyde, I reacted but 2 was recovered com- 

pletely. 6 Hopefully however, when 2a was reacted with excess 

1 

EE PR3 

(E = COOMe) 
2a: XffiH, Rffi~-Bu 
2b: X=H. Rffip-MeOCeH 4 
2c: X=H, R=Ph 
2d: X=H, R--p-CICeH 4 
2e: X=MeO, R--Ph 
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benzaldehyde, it gave a trace amount of dimethyl fluorenylidenesuccinate (3). The hydrogen source of 3 was 

deduced to be benzoic acid contaminated in benzaldehyde employed. This initial conjecture was further support- 

ed by the stoichiometric reaction of 2a with benzoic acid to give 3, tributylphosphine oxide (4), and benzoic 

anhydride (5) in good yields (eq. 2). 7 Some variations of carboxylic acids are examined as shown in Table 1. 

80 °C ~ E  E PhCOOH + ~ • + n-BuaP=O + (PhCO)20 (2) 
PhH 

4 § 
3 (E = COOMe) 

Table 1. Reactions of Carboxylic Acids 

with P-Ylide 2a." 

Table 2. Reactions ofp-Toluic Acid with 

P-Ylides 2? 

Carboxylic Acid Yield (%) of the Ylide pKa ° Yield (%) of p- 

Acid Anhydride Toluic Anhydride 

i-PrCOOH 87 2a 5.9 70 

PhCOOH 61 2b 5.1 11 

p-MeC6H4COOH 70 2 c 4.9 l0 

o-C6H4(COOH)2 90 2d - - :  5 

o-C~H4(OH)(COOH) 79 b 2e 5.2 3 

a) Reaction time was 7 h, except for PhCOOH 
(1 h). 

b) Salicylsalicylic acid was the product in this 
reaction. 

a) Reaction time was l0 h, except for 2a (7 h). 
b) The value is for the corresponding phospho- 

nium salt. 
c) Not measured. 

The results show that aliphatic, aromatic, and dicarboxyhc acid reacted readily. Although the isolated 

yields of products after column chromatography depend on the stabilities or adsorption nature on a column 

packing material, time dependent NMR spectra of the reaction mixture suggest that the reaction proceeds 

quantitatively (isobutyric and p-toluic acids). The reaction with salicylic acid did not give salicylic anhydride but 

gave salicylsalicylic acid (yield, 79%). It shows that 2a may be possible to act as dehydrating agent to produce 

esters and amides. Actually, the reactions of p-toluic acid with p-methylphenol and p-toluidine gave the 

corresponding ester (yield, 77%) and the amide (yield, 89%). In both cases, the yields of p-toluic anhydride 

were less than 5%. B 

Concerning the reaction mechanism and whether this dehydrating ability is MoOOC> = PFrs 

for 211 solely or not, an efficacy of other P-ylides having analogous structures (1, 6a: RfMe, R'fPh 

6a-c s) were examined. These congeners did not show dehydrating ability at all. 6b: RfMe, R'=n-Bu 

Moreover, substituent effect of the phosphorus and fluomne moieties of 2 on the 6c: RffiH, R'fn-Bu 

dehydrating ability were tested by employing some derivatives (2b-e) (Table 2 together with pKa values of the 

corresponding phosphonium salts of 29). The reactivity of 2 decreased with an electron-withdrawing substituent 

on phosphorus and an electron-donating substituent on the fluorene. An apparent parallel relationship was 

observed between the ylide reactivities and pKa values of their phosphonium salts. In contrast to the P-ylide, 

when an analogous S-ylide (7) 5'1° was employed in this reaction, none of the acid in Table 1 gave acid 

anhydrides. Instead, dimethyl acyloxyfluorenylidenesuccinate (8) was afforded quantitatively (eq. 3). 
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 ooo 
R'COOH + • + PhSMe (3) 

S(Me)Ph Phil OR' 

7 8 (E = COOMo) 

Based on the previous work a and on these data, a plausible mechanism for dehydration was considered as 

in Scheme 1. Formations of ester and amide can be considered similarly. That is, an extremely stable P-ylide 2 

can be pmtonated to give a phosphonium salt 9. The data of pKa values suggest that 2a displaces most highly an 

equilibrium of a P-ylido---phosphonium salt (9) in favor of 9. Then a carboxylate attacks a phosphonium moiety 

to afford an ensuing phosphonium salt (10) whose anionic moiety is stabilized by efficient delocalization of 

anion throughout an ethylidenefluorene moiety. A P-cation is also stabilized by an electron-donating n-butyl 

group on phosphorus like 2a. In the case of 2e having a 3,6-dirnethoxy group on the fluorene moiety (Table 2), 

an internal salt transformation (9 to 10) is disfavored due to an electronic destabilization of a resulting anion. 

The salt 10 further reacts with another mole of nucleophile. The large counteranion in 10 acts subsequently as a 

proton scavenger of the coupling product. Eventually 3, 4, and 5 were formed. By contrast, 8 seemed to be 

formed by a nucleophilic substitution in 9 due to a higher eliminating nature of the sulfonium moiety similar to 

oxirane and cyclopropane formations of S-ylides. H 

X 

2: X=PR 3 (E = COOMe) 
7: XffiSR 2 

H - Y -  R" 

I 
" "  H 

= " ~ E  R'CO2; ~ g  

X=SR2 1 ~ . . ~  9 

+ R2S X=PR3 (-,--) 

10 
(Y = OCO, O, NH) 

] . + R3P=O =" "- E O 

H H  
4 3 5, ester, and amide 

Scheme 1. Reaction mechanism of dehydration (P-ylide) or substitution (S-ylide). 

Thus, the present method carries some advantages that not only is the reaction performed under neutral 

conditions, but also all substrates can be mixed without any activations or modifications of them. The color 

change of the ylide clearly shows the reaction progress. Furthermore, the P-ylide does not show usual Withg 

reactivity and the reaction proceeds well without any precautions such as dryness of solvent and/or anaerobic 

circumstance. The dehydration reaction induced by 2a occurred by a strong basicity of it 12 and by activation of 

an acid as an acyloxyphosphonium ion. A large counteranion in 10 shows lower nuckmphilicity, yet sufficient 

basicity and it contributes to simplifying the reaction. A further study is now underway based on the conception 

of stable ylides mentioned at the be~nning. 
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